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PREFACE 
TO THE SECOND EDITION 

OPPORTUNITY has been taken in preparing the second English edition of this book 
to bring it into line with the second French edition (I934) of La Technique Photo
graphique , and to incorporate such further revision as has been necessitated by the 
considerable advances in photographic technique, which have been made since the 
appearance of that volume. At the same time certain ambiguities in translation 
which became apparent in the first English edition have been adjusted, and matter 
which had become out of date was either cut out altogether, or very considerably 
compressed. 

PREFACE 
To inveigh against theory, even in the most elementary arts, proves only the ignorance of th e 
inveigher. It is not the profoundness of the theory, but its imperfections, that shou ld be blamed for 
the ill effect s that so often follow its working out in practice. . . . Many data regarding the needs 
to b e satisfied , the means of satisfying them, the t ime and expenditure involved, that are perforce 
ignored within the field of mere theory, come into the problem of working out a practical application. 
By bringi ng these factors into play with the skill that marks practical genius, it is possible both to 
extend the narrow limits within which prejudices against theorizing tend to confine the arts, and to 
guard against the mistakes to which an unskilful use of a particular theory may give rise. 

-CONDORCET (Tableau des P.og.es de I' Esp.it humain, 1793) 

THIS book does not represent an attempt to compile an encyclopaedia, a work of 
a kind which is always loaded with descriptions of obsolete methods and appliances 
and the details of numerous applications of interest only to a few technical people. 
The author's aim has been to bring into one volume as complete a treatise as 
possible on modern working methods and apparatus in conjunction with the mini
mum of theoretical considerations which he considers necessary for their proper 
understanding. 

The beginner is recommended to study at first the parts of practical instruction 
which he requires, and to postpone a reading of the whole work until he has acquired 
some practical experience. In the interval he can make use of the book in the 
manner of a dictionary, by aid of the full alphabetical index at the end. 

Objection may be taken to the absence of bibliographical references. But such 
references would have been exceedingly numerous and would have added consider
ably to the already large number of pages without much advantage to most readers. 
Therefore the references have been confined to a mention of the names of the authors 
(and dates) of various discoveries, improvements, and experiments, a plan which 
at any rate will serve to narrow down the scope of any bibliographical search which 
some readers may wish to carry out. 

The author's professional duties for thirty years past have rendered it necessary 
for him to read nearly everything which has been published on photography in 
the t echnical journals of the chief countries of the world, and to experiment or 
supervise experiments in regard to a large number of the data thus collect ed. In 

• 
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VI PREFACE 

a certain measure therefore this work may be considered the work of all ; and the 
author would excuse himself to experimenters and writers whose ideas and recom
mendations have been mentioned, possibly without acknowledgment. 

Since the publication in 1926 of the original French edition, the author has 
made a considerable number of additions and corrections which are embodied in 
the present English translation. 

The author desires to express to the translators and editor of this volume his 
sincere thanks for the evident care with which their work has been done. Their 
critical comments have enabled the author to correct several errors in the original 
editioll. 

L. P. C. 

• 



. I , 

CONTENTS 
PREFACE . • • • • • • • • • • • • 

PART I 

INTRODUCTION: VISION AND PHOTOGRAPHY 

CHAPTER I 
LIGHT AND COLOU R • • • • • • • • • • • 

White light-Light-waves-v\' avelcngth- L uminosity of d ifferent spectral colours-The ultra
violet and the infra-red- Natu ra l and pigmentary colours Absorpt ion by coloured med ia
Sources of a r tificial light 

CHAPTER II 
QUANTITY OF LIGHT . • • • • • 

In tensity and brightness- Illumination 

CHAPTER III 
LIMITS OF LUMINOSITY IN PHOTOGRAPHIC SUBJECTS 

Se nsitivity o f the eye- P erception o f details of luminosity 

CHAPTER IV 

• • • • 

• • • 

PAGK 

v 

1 

7 

8 

PHOTOGRAPHIC IMAGES: THE IDEAL SCIENTIFIC IMAGE: THE AESTHETIC IMAGE • 10 

Negative and positive-Range of extreme luminosities in a positive-The id eal scientific 
reproduction-The a esthetic image 

CHAPTER V 
PERSPECTIVE: MONOCULAR AND BINOCULAR VISION • • • • • 

Geometrical p erspective-Deformations due to displacement of the viewpoint-Normal 
distance of vision and angle of visual field-Anomalies of an exact perspective Influence of 
choice of viewpoint-Binocular vision- Perspective on a non-vertical plane- Panoramic 
perspect ive-Depth of field 

PART 2 

THE OPTICAL IMAGE BEFORE PHOTOGRAPHIC 
RECORDING 

CHAPTER VI 
THE CAMERA OBSCURA AND PINHOLE PHOT OGRAPHY 

Pi nhole photography- Making a pinhole 

CHAPTER VII 

• 

GENERAL PROPERTIES OF OPTICAL SYSTEMS: ABERRATIONS 

• • • 

• • • 

• 

• 

Lenses-Images formed by convergent lenses-Real images-Virtual images-Optical centre 
-Nodal points-Chromatic and spherical aberration-Astigmatism-Tangential and radial 
images-Coma-Curvature of field- Distortion- Distribution o f light in the field- Field 
illuminated- Field covered- Effect o f internal reflection-Stereoscopic effect s 

.. 
Vll 

12 

20 

23 



• • • CONTENTS VllI 

CHAPTER VIII 
FOCAL LENGTH OF LENSES: SCALE OF IMAGE: CONJUGATE POINTS . • • 

Relations between the size of obj ect and image-Experimental determination of the focal 
length of a lens-Automatic adjustment of object and image 

CHAPTER IX 
DIAPHRAGMS AND RELATIVE APERTURE: EFFECT ON PERSPECTIVE AND 

INTENSITY. • • • • • • • • • • • . 
Different types of diaphragms-Pupils of an optical system-Photographic perspecf ive
Depth of field-Hyper focal distance-Influence of the corrections oj the lens on the depth of 
fi eld and hyperfocal distance-Fixed-focus cameras-Focussing scales-Different systems of 
numberin g diaphragms-l\1easurement of the effective aperture of a diaphragm 

CHAPTER X 
CHOI CE OF LENS : TESTING: CARE OF LE NSES • • • • • • 

l.ens names-Single lenses-Petzval portrait lens-Rectilinear lenses W ide-angle rectilinears 
-Anachromatic symmetr ical lens Antiplanats-The first anastigmats-Convertible and un
convertible anastigmats-The Hypergon wide-angle lens-Variable-power telephotos-Fixed
focus telephotos-Anachroma tic telephot03-Sets of lenses-Different types of lens mounts
Choice of a focallength--Practical testing of lenses-Preservation and care of lenses 

CHAPTER XI 
LENS ACCESSORIES : SUPPLEMENTARY LENSES, LIGHT-FILTERS, PRISMS AND 

MIRRORS, LENS HOODS, SKY SHADES • • • • • • • 

Supplementary lenses-Tele-attachments-Light-filters-Prisms and mirrors-Polarizers
Lens hoods-Skyshades-Soft focus attachments 

CHAPTER XII 
SHUTTERS • • • • • • • • • • • • 

Different positions for t h e shutter-Efficie ncy of a shutter-Desirable characteristics of a 
shutter- Roller-blind shutters-Flap sh utters-Diaphragm sh utters-Focal plane shutters
Practical rules for the use of focal plane shutters-Shutter testing-Shutter releases 

• CHAPTER XIII 

PAoa 

61 

77 

STAND CAMERAS : COMMERCIAL, PROFESSIONAL, AND SEMI-PROFESSIONAL . • I06 
Names and functions of the parts of a camera-Cameras for co mm erc ial copying-Studio 
portrait cam eras-Portable stand cam eras-Tripod stands-Hand-stand cameras-Cameras 
for" while-you-wait " photography-Testin g of cameras 

CHAPTER XIV 
HAND CAMERAS . • • • • • • • • • • · IIS 

lVTin iature cameras-Higid cameras-Folding cameras-Focussing of hand cameras- Ground
glass finders- The brilliant erecting finder-Direct -vision brilliant finders-Telemetric finders
Levels and plumbs-Safety devices-R eflex cameras-Sensitive material-Single metal slides 
-Changing boxes for plates-Roll-film cameras-Film packs-Tripods and pocket-supports 
for hand cameras-Tests of a hand camera 

PART 3 

PRODUCTION OF NEGATIVES 

CHAPTER XV 
THE NEGATIVE: GENERAL REMARKS ON PHOTOGRAPHIC NEGATIVE PROCESSES 

The wet collodion' process-The gelatino-bromide process 
· I3° 

, 



CONTENTS 

CHAPTER XVI 
PREPARATION AND PROPERTIES OF NEGATIVES: GELATI NO-BROMIDE EMULSIONS. 

Preparation of emulsions-The sensitive em ulsion-The latent image-Different actions on 
the photographic emulsion-The law of density-Measures of sensitivity-Reversal and solar
ization-The accuracy of photographic images 

CHAPTER XVII 

• 
lX 

PAGE 

CHROMATIC SENSITIVITY, ORTHOCHROMATISM AND INFRA-RED PHOTOGRAPHY. · I44 
Action of different spectral rad iations on gelatino-bromide emulsions-Yellow filters-The 
factors of a colour filter-Experimental determination of the factors-Self-screened ortho
chromatic emulsions-Orthochromatism in practice-Photography of colour ohjects
Phot ography with infra-red r ays-Colour-sensitizing 

CHAPTER XVIII 
PLATES, FILMS, AND NEGATIVE PAPERS • • • • • • · 157 

Supports of sensitive coatings-Flexible supports-H alation- Prevention of halation-Photo
graphic plates-Photographic film-Relative merits of plates and fil ms 

CHAPTER XIX 
NON-ACTINIC LIGHTING: DARK-ROOM LAMPS AND SAFE LIGHTS . • • • 166 

Choice of dark-room illumination- Light-sources Testing of safelights-Preparation of 
safeligh ts 

CHAPTER XX 
EQUIPMENT OF THE DARK-ROOM . • • • • • • • • I72 

The amateur's dark-room-Public dark-rooms-Const ruction of the ideal professional dark
room-Passages-Ventilat ion-Heating-Sinks "Vhite light in the dark-room 

CHAPTER XXI 
DARK-ROOM ACCESSORIES. • • • • • • • • • 

Tanks and dishes Material for tanks, hangers. and dish es-Glass-ware-Cleaning of utensils 

CHAPTER XXII 

177 

CHEMICALS: PREPARATION OF SOLUTIONS • • • • • • · 182 
Choice of ch emicals- Unstable substances-Storage of chemicals-Labelling of jars and bottles 
-Preparation of photographic baths-Filtration-Stock solu tions-Solutions. concentration. 
solubility, saturation- \ ,Vater used in the preparation of baths-Comn1ercial preparation~ 

HANDLING OF SENSITIVE 

SLIDES: REPACKING 

CHAPTER XXIII 
MATERIALS: LOADING AND UNLOADING OF DARK 

• • • • • • • • • · 188 
Storage of sensitive materialS-Dusting the sensitive surface-Identification of negatives
Unloading the dark slides 

CHAPTER XXIV 
LIGHTI NG OF THE SUBJECT: DAYLIGHT: ARTIFICIAL LIGHT • • • · I92 

Daylight-Arc lamps-Incandescent lamps-Mercury-vapour lamps-Illumination of flat 
originals-IlIumination by magnesium-Flash lamps- Flash powders 

CHAPTER XXV 
FOCUSSING OF THE IMAGE AND THE POSITION OF THE SUBJ ECT ON THE PLATE • 205 

Focussing-Soft focus- Soft-focus negatives-Correction of focus with anachrornatic lenses
Superimposed plates-Soft-focus printing-Ch oice of v iewpoint 

• 

• 

• 



x CONTENTS 

CHAPTER XXVI FAGlt 

EXPOSURE • • • • • • • • • • • · 2II 
Time of exposure Results of errors in exposure-Factors affecting time of exposure-Influence 
of relative displacements of the subject and of the camera-Instantaneous and time exposures 
-Actinometers-Photo-electric exposure-lneters- Photometers-Exposure tables 

CHAPTER XXVII 
DESENSITIZING OF PHOTOGRAPHIC EMULSIONS • • • • • · 222 

Use of coloured developers-Loss in sensitivity of emuls ions impregnated with developer
Desensitizers-Practical methods of desensitizing 

CHAPTER XXVIII 
THE DEVELOPMENT OF THE NEGATIVE • • • • • • · 226 

Chemical development-Theory of development- Effect of dissolved bromide in the developing 
solution-Chemical fog- -Effect of dilution of t he developer-Efiect of the temperature of the 
developing solution-The arithmetical coefficient of a developing solution-Mineral salts as 
developers-Ferrous oxalate developer-The developing function-Normal constituents of a 
developer- Mixture and oxidation products of developers-Role of sulphite-Role of the 
alkalis-Effect of soluble iodides-Use of various neutral salts-Organic developers-Poly
phenol developers-Amidophenol developers-Amidol-Addition products of developers
Paraphenylenedia m ine-Sulphites, bisulphites, and metabisulphites-Alkal is and their 
substitutes-Practical equivalence of the usual alkalis-Alkali bronlides-W etting plates and 
films before development-Immersion in the developing bath-Local deveiopment-Factors 
influencing the duration of development-Judging the end of development-Critical examina
tion of finished negatives-Exhanstion and maintenance of the developer-Developer stains 
on hands and clothes- Fonnulae for developers- Rapid or slow c1evelopment- Fine-grain 
developers- Rational automatic c1eveloplnent-Development by visual inspection of the image 
- Development in several successive baths- Tentative development- Developlnent in tropical 
climates-COlnbined developing and fixing- lVlethod for the cOlnparative testing of two 
developers-Physical developlnent before fixing-Physical development aHer flxing 

CHAPTER XXIX 
FIXATION • • • • • • • • • • • · 270 

The purpose of fixation-Solvents of the silver halides-Hyposulphite of soda-The chemistry 
of fixation- The mechanism of fixation- Additions to fixing baths-The chemistry of fixati on 
in presence of alum-Fixing capacity of hyposulphite for silver halides-Speed of fixation
Fixation in two successive baths- Choice of the best concentration of fixer-Tests for exhausted 
fixer-Preparation of fixing baths-Fixation in practice- Recovery of silver from exhausted 
fixing solutions 

CHAPTER XXX 
WASHING, • • • • • • • • • • • 

The function of washi ng-The mechanism of washing in several changes and in running water
Apparatus for washing-Control of washing-Washing in practice-Hypo eliminators 

CHAPTER XXXI 
DRYING • • • • • • • • • • • • 

The purpose of drying-The physics of drymg-Apparatus for drying-The operation of drying 
-Distortion of the image during drying-Rapid drying with a volatile liquid- Instantaneous 
drying by dehydration of the gelatine 

CHAPTER XXXII 
THE CHIEF FAILURES IN NEGATIVE-MAKING. , • , • • · 294 

Faults appearing during developmem and after fixing-·Dichroic fog-Defects occurring during 
washing-Defects appearing during or after drying-Defects occurring in a negative after 
drying 



) 

CONTENTS • 

X l 

CHAPTER XXXIII PA GE 

REVERSAL PROCESS: METHODS FOR OBTAINING DIRECT POSITIVES • • · 30 I 

General considerations-Reversal by a second, determined exposure- Reversal by total black
ening of the residual silver bromide- Reversal by lneans of residual s ilver bro mide o f whic h 
the excess is dissolved to a determined degree-Other methods 

CHAPTER XXXIV 
METHODS OF AFTER-TREATME NT : INTENSIFICATION, REDUCTION, WORKING-UP, 

RETOUCHING • • • • • • • • • • · 306 
Choice of method of intensification-Mercury intensification in two successive baths
Chromium intensification-Intensification with copper and silver- Choice of a reducer-Surface 
reducers-Farmer's reducer-Permanganate reducer-Proportional reducers Ammon ium 
persulphate super-proportional reducer- Indirect red uction of heavier densities-Local intensi
ficat ion and reduction with a brush- Local tinting of the gelatine-Local abrasion of the 
negative-Work on the back of a negative-R eduction of contrasts by soft positive-Blocking
out-Spotting-The purpose of retOUChing-R etouching appliances Technique of retouching 
-Added backgrounds 

CHAPTER XXXV 
VARNISHING, STRIPPING, NUMBERI NG , CLASSIFICATION, AND STORAGE OF 

NEGATIVES • • • • • • • • • • · 323 
Preparation of varnishes-Application of the varnish-De-varnishing of negatives-Oiling of 
paper negatives Stripping glass negatives Stripping film negatives-Transfer of the film 
to a new support-Removal of films from waste glass and celluloid negatives-Classification 
of negatives-Storage of negatives 

PART 4 

PRINTING PROCESSES 

CHAPTER XXXVI 
PRINTING PAPERS AND PRINTING METHODS. • • • • • · 330 

The principal printing processes-Supports for the photographic image-Photographic papers 
- Positive plates-Positive films-Colour of image and of base-The gradation of a sensitive 
paper- Printing frames and machines- Actinometers and light-integrators-EfIect of illumin
a tion on gradation- Effect of colour of the printing light on con trast- Calibra tion of negatives 
- Modes of printing- Printing with masks- Printing with a tinted border- Vignetting
I .Deal con trol during printing- Heducing contrast and definition - Com bin ation prints- Adding 
a sky to a landscape- General hin ts 

CHAPTER XXXVII • 

SILVER PRINT-OUT PAPERS. • • • • • • • • 

Deterioration of print-out papers-Salted paper- Albumenized papers-SenSitizing silk
Print-out silver emulsions-Use of collodion and gelatine P.O.P.-The printing room-Gold 
toning in alkaline baths-Sulphocyanide toning- Thio-urea toning-Platinum toning-Com
bined toning and fixing-Reactions in combined toning and fixing baths-Preparation and use 
of combined toning and fixing solutions Development of part-exposed prints Types of 
self-ton ing papers-Working methods 

• 



•• CONTENTS xu 

CHAPTER XXXVIII PAGEt 

PAPERS, PLATES, AND FILMS FOR POSITIVE PRINTS BY DEVELOPMENT • . 358 
Different kinds of emulsion and their characteristic quatit ies-Abrasion-Manipulation of 
printing papers b efore exposure t o light-Exposure-Soaking before development-Develop
ment-Developers for positives-Stopping development with an acid bath-Non-actinic light 
- Developers for bromide papers-Development of transparencies-Making of duplicates 
-Gaslight papers- Developers for gaslight papers- Method of development-Transparencies 
-Warm tones by development-Exposure-Warm tones on black-tone plates-Chloro-bromide 
papers for warm t ones- F ixing developed images- Intensification-Reduction-Sulphide 
toning- Bleaching for sulphide toning-Direct sulphiding with hypo-alum- Single-solution 
sulphiding:with polysulphides-Gold toning-Toning with selenium-Toning by the formation 
of coloured ferro cyanides- Uranium copper and iron toning-Dye-toning-Mordanting the 
images-Dyeing of 11lordanted transparencies-Tinting 

CHAPTER XXXIX 
WASHING, DRYING, AND GLAZING OF PAPER PRINTS • • • • · 391 

Methods of washing papers Apparatus for washing prints-Drying of paper prints Rapid 
drying of prints-Deformation of the image during washing and drying-Glazing and enamel· 
ling of prints-F acing the prints with cellophane 

CHAPTER XL 
THE PRINCIPAL FAILURES IN MAKING PRINTS OF POSITIVES ON SILVER PAPERS · 397 

Failures common to various printing processes-Failures with print-out papers-Failures with 
development paperS-Failures in sulphide toning > 

CHAPTER XLI 
PRINTING PROCESSES BASED ON THE SENSITIVITY OF IRON SALTS • • · 402 

The ferro-prussiate process-Industrial p apers for copying tracings-True-to-scale process
Printing on ferro-prussiate paper from ordinary negatives-Cyanotype paper- Ferro-gallic 
papers-Silver-iron printing papers-Sepia photo-copying papers-Kallitype and imitation 
platinum papers-Platinum-iron printing papers-Use of black-tone platinum papers-Sensi
tizing papers for platinum printing-Recov ery of platinum residues 

CHAPTER XLII 
PIGMENT PROCESSES . • • • • • • • • • 

The carbon proceSS-Action of light on bichromated gelatine-Chromates and bichromates
Physiological action of bichromates-Transfer of the film-Preparation of carbon tissue
Sensitizing and exposing carbon tissue-Drying the sensitized tissue-Preparation of the 
negatives-Exposure t o light-Development of tissue by single transfer-Development- Trans
parencies and pOSitives-Intensification and toning of images on an impervIOUS support
Development of tissue by double transfer-Preparation of the temporary support -Develop
ment-Preparation of the final support- Final transfer- R etouching and coloring-Carbon 
printing without transfer-The Artigue and Fresson processes-Papers exposed through the 
back-The gum-bichromate process and its variations-Coating the pigmented gum-Exposure 
and development-Multiple printing-Commercial gum-bichromate papers-Bichromated 
papers-Prints by dyeing films of bichromated gelatine-I mbibition without development
Dyeing of gelatine reliefs-Dusting-on processes-Direct reproductions by the powder process 
- Resinopignlentype-Co10ur process-Prints in greasy inks on bichromated gelatine-Materials 
and apparatus-Sensitizing and exposure to light- Vilashing , swelling, and drying-Inking the 
print-Special instructions for obtaining prints by transfer-Papers for transfer printing
- Transfer withou t press-Ozotype-Dye prints by photo-mordants-Dye prints wit h diazo 
compounds-Other processes 

CHAPTER XLIII 
PIGMENT PRINTS FROM SILVER PRINTS • • • • • • · 445 

The Carbr o or Ozobrome process-Theory of the Carbro process-The Bromoil process-The 
bromide print-Bleaching the image-Swelling of the image-Inking 



-

• 

CONTENTS 
••• 

Xill 

CHAPTER XLIV 
FINISHING AND WORKING-UP PRINTS: TRIMMING, . MOUNTING, RETOUCHING, PAGR 

AND COLOURING . • • • • • • • • • · 450 

H ow m uch to trim-Choice of mounts- Placing the picture on the m ount- Various ll1ethods 
of fixing the print on the m ount-Mountants- Full mounting-Burnishing-Dry-mounting
W axing and varnishing print s- Embossing prints-Outline photographs on wood-Combina
tion photographs-Spotting-R etouching of p rints-Use of the air-brush-Retouching of 
commercial photographs for photo-mecha nica l r eproduction-Coloured photographs-Colour
ing with dyes- Water. colouring-Pastel colours-Oil-painting and its variations-Framing 
photographs 

PART 5 

SPECIAL TECHNIQUES 
. 

CHAPTER XLV 
COPYING: RESTORATIONS TO THE VERTICAL: DEFORMATIONS . • • 

Con tact prin ting-Use of reflected light-Copying with a camera-Factors affecting sharpness 
-Sensitive materials-Texture of the original print-Lighting for copying-Examination of 
documents-Cylindrical surface copied in strips-Anamorphoses-Caricature deformations 

CHAPTER XLVI 
ENLARGEMENTS • • • • • • • • • • · 474 

Condensed and diffu sed light-The negative- Condensers-Light-source Vertical enlargers
Focussing t he picture- Soft-focus effect- E xposure-Control- Enlarged paper negatives
Large-scale work 

CHAPTER XLVII 
LANTERN WORK • • • • • • • • • • · 490 

P hotograph iC lantern slides-Diagram and notice slides-Binding lantern slides Storing and 
ca u ying-P roj ection lanterns The Iight-box- P araffin oil lamps with m ult iple wicks-Acet y
lene burners Oxy-acetylene li melight- P recautions to be taken in the manipulation of oxygen 
cylinders Electric light- The condenser- Slide ca rriers P rojection lenses-Cooling devices 
- Opaque objects-Lantern screens-Opaque diffusing screens Translucent screens-Daylight 
screens-The lantern lecture-Illumination of the hall-Centring the light so urce- Arrange
ment of slides 

CHAPTER XLVIII 
STE REOSCOPY • • • • • • • • • • • · 566 

T he sensation of relief- Stereoscopic photographs Stereoscopic t ra nsposition-Planoscopic 
pairs Geo metrical considerat ions P arallax- Range of stereoscopic vision- Examination of 
stereograms Stereoscopes with convergent eyepieces- Complementary stereoscope- Masking 
-'Transparencies-Projection 

CHAPTER XLIX 
COLOUR P HOTOGRAPHY • • • • • • • • • · 533 

Trichromatic select ion- Add it ive synthes is Three-colour fi lters-Triple projection- Chromo
scopes-Lenticular colour ph otography- T hree-colour tra nsparencies and prints- K odachrome 
fi lm- Colour-screen pla tes a nd fi lms-Autochrome plat es and fi lms- The Dufaycolor process 
- Colour separation negatives from colour-screen transparencies 

CHAPTER L 
AN OUTLINE OF CINEMATOGRAPHY • • • • • • • • 552 

Cine fi lm- Cine cameras-Drying film- Tit ling-Printing p ositives-Projectio ll- Stroboscopic 
illu sio ns 

• 



• 

XIV CONTENTS 

CHAPTER LI PAGE 

PHOTO-MECHANICAL PROCESSES IN BRIEF • • • • • • - 558 
Line etching-Half- tone-Collotype-Photo-lithography-Photogravure-Colour prints 

CHAPTER LII 
GENERAL PRINCIPLES OF RADIOGRAPHY • • • • • • 

Properties of X-rays-Protection-Radiographic images-Intensifying screens-Exposure
Printing positives 

APPENDIX: A CHRONOLOGY OF PHOTOGRAPHY - • • 

INDEX - • • • • • • • • • 

INSET PLATE 
VIEW FROM MARLEY, SUSSEX:-(A) TAKEN ON PANCHROMATIC PLATE 

(E) TAKEN ON I NFRA-RED PLATE 

• • . 57 I 

• • . 575 

• • Frontispiece 

-

• 



• 

/ 

• 

CONTRACT IO NS 

A.D. • • Angstrom unit (§ 2) mm. • • millimetre 

B. • • degree Baume hydrometer F. • • degree Fahrenheit 

m. • • metre grm. 
~ 

• • gramme 

C. degree Centigrade • 
• • gr. • • gram 

cubic eentimetre* • • • e.e. • • mm. • • mmlm 

em. • • centimetre oz. • • ounce 

drm. • • dram 

* The term" cubic centimetre" is used in preference to " l11illilitre " throughout the text. In practice, 
the difference between the two measures is so small as to be negligible . 

• 

xv 



THEORY AND PRACTICE 

PART I 

INTRODUCTION: VISION AND PHOTOGRAPHY 

CHAPTER I 

LIGHT AND COLOUR 

1. White Light. When a beam of daylight, 
which we call white ligh t, in spite of the fact 
that its quality is continually changing,l is 
decomposed, e.g. by passing it through a glass 
prism which separates it into the constituent 
elements of the incident light , the colours of 
the rainbow may be seen in their normal order. 
By using suitable apparatus, described in all 
books on optics, a pure spectrum can be obtained 
consist ing of an infinite number of images of a 
fine slit, each image being formed by one of the 
elementary radiations which go to make up the 
light by which the slit is illuminated. 

Though there are an infinite number of colours 
in the spectrum, it is usual to divide them into 
groups, in each of which the eye experiences 
sensations which differ little from one another. 
For reasons as arb itrary as those which formerly 
caused the number of days in the week, or the 
wonders of the world to be fixed at seven, the 
n urn ber of spectral colours has also been fixed 
at seven, and a bad alexandrine of the Abbe 
Delisle -

Violet, Indigo, Bl ue, Green, Y ell ow, Orange, and R ed 

has contributed quite appreciably t o keeping 
alive this unfortunate tradition, from which 
most exaggerated conclusions have often been 
drawn. 

Examination of the colours of the rainbow or 
of a slightly dispersed normal sp ectrum 2 shows 
that the spectrum may be divided in to three 
chief regions of equal extent, the blue-violet, 

1 Daylight nearly always shows some colour which 
is in excess of its average composition, and which varies 
with atmospheric conditions , time o f day, and, to some 
extent a lso, with geographical latitude and with a lti
tude. Light diffused by a lightly clouded sky is bluish; 
while di rect sunsh in e is yellowish, changing to red at 
sunset . 

2 Spectrum as formed by pass ing the light through 
a grating, i.e. a system of parallel equ idistant li nes 
generally about 600 per millimetre (' 5,240 per inch), 
instead of through a prism. 

I - (T·5630) I 

green, and vermilion-red, in each of which the 
variation of tint is almost imperceptible. Be
tween these large regions there are narrow tran
sition regions where the variation of colour is 
very rapid, one being a blue-green ish colour be
tween the blue-violet and the green; the other, 
yellow between the green and the red. For most 
practical purposes it is sufficient to consider 
the three main regions into which the spectrum 
may, roughly speaking, be equally divided. 
Thus, if the spectrum is to be considered as 
divided into more t han five regions (the three 
principal and the two transition regions) , then 
one ough t to speak of an infinite n umber of 
colours rather than only seven. 

2. LightWaves Wave-length. As the colours 
are infinite in number, obviously it is impossible 
to name them all accurately by words, and it 
is necessary to use numbers. Spectral radiations 
are universally specified by their wave-lengths. 

This numeration of colours, independent of 
any arbitrary convention, was made possible 
when the researches of Young and Fresnel 
proved that light is the propagation of a periodic 
vibration, which may be compared (provided 
the comparison is not pushed too far) to the 
propagation of sound (sound waves) , or to the 
propagation of waves created on the surface of 
smooth water by the falling of a stone, or even 
to the course of a person walking in a straight 
line with a uniform velocity and a regular step. 
Without attempting here any justification of 
this wave theory, one may mention, however, 
amongst the numerous facts which may be 
quoted in support of it, the coloration of thin 
films (soap bubbles) and the direct process of 
colour photography due to G. Lippmann (inter
ference method). 

In all cases of the propagation of a periodic 
phenomenon there are three quant ities involved: 
the velocity of propagation, the time of one period 
(or its reciprocal, the frequency) , and the" step" 
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or wave-length, which are connected by the 
relations-

Wave-length = velocity X time of one period 
velocity 

-
- frequency' 

The velocity of light in air is approximately 
I87,000 miles per second, and is the same for 
all radiations. 

While the pitch of a note is always character
ized by its frequency, radiations are always 
denoted by their wave-length (sometimes repre
sented by the Greek letter ?C, lambda), which is 

who are colour-blind cannot perceive certain 
colours; they generally confuse red and green), 
the region which appears the most luminous in 
the normal spectrum of white light is the green. 
At high luminous intensities the maximum of 
luminosity is at 5,500 A.U. (yellow-green); at 
very weak illuminations the red, which normally 
is more luminous than the blue, begins to fade 
sooner than the blue, the sensation of colour 
disappears almost completely, and the maximum 
of luminosity approaches continually closer to 
5,300 A.U. (blue-green). This effect, known as 
the PurkinJe phenomenon, is, as we shall see 

Ultra-violet Violet 

.-.~-S""R""QO-::P 0 N M L Kl h G' 

Extreme Red 
1 Blue J Gr"een ,I~, R;d I usuall~ in:isible Infra-red 
F bED --C'" --:B:----- A _ ' 

T I 
Reglo,? 

absor,bed 
I by I 
,:s{a,Sf -

3000 Aoo 5 00 6000 . 7600 8 00 

FIG. T. DISTRIB U TION OF RA VS IN THE SOLAR SPECTRUM 

the distance from crest to crest of two successive 
waves, measured generally in ten-millionths of 
a millimetre, that is, in Angstrom units (A .U.). 

Expressed thus, the wave-lengths of visible 
radiations extend between 4,000 for the extreme 
violet and 7,000 for the extreme, easily visible 
red (with special precautions, trained observers 
have been able to see as far as 8 ,000).1 Fig. I 
represents the distribution of wave-lengths 
between the different colours in a normal 
spectrum, the wave-length scale being equally 
graduated throughout. In the figure are also 
marked the positions of the black bands of the 
solar spectrum, called the Fraunhofer lines, 
denoted by the letters A to H, and constituting 
a series of reference marks which are sometimes 
used to denote the different spectral regions in 
cases where extreme precision is unnecessary . 
The frequency (number of waves per second) is 
constant for each radiation, irrespective of the 
medium, and is approximately expressed for 
yellow light by the figure 5, followed by I4 
zeros. These numbers are not, as might be 
thought, simply theoretical speculations, but 
the expression of practical measurements; the 
wave-length is frequently used as a measure of 
length in precision work and even in certain 
industrial measurements. 

3. Luminosity of Different Spectral Colours. 
For an observer who is not colour-blind (people 

1 Note that the interval between the extreme visible 
radiations is less than a musical octave. 

presently, of special interest in regard to the 
choice of illuminants for the dark-room. 

About 95 per cent of the visual effect of the 
spectrum is confined between the lines C and F , 
whilst photographic action on ordinary emul
sions is limited only to those radiations of 
wa velength less than that of the F line. This 
peculiarity has important consequences in the 
photographic rendering of different colours. 

4. The Ultra -violet and the Infra-red. The 
radian t energy of the sun and various artificial 
illuminants is not limited to the visible r egion 
of the spectrum, but covers a range, which is 
actually known, of at least 15 octaves. 

If, in the region beyond the spectrum violet, 
pieces of paper impregnated with fluorescein 
or rhodamine (fluorescent substances) are placed, 
it will be seen that they emit respectively green 
and red light. This effect they also show in the 
blue-violet but not to such an easily observable 
extent. The same phenomenon can be shown 
with crystals of uranium nitrate, with screens 
covered with barium platinocyanide (used in 
radioscopy) , calcium tungstate (X-ray intensi 
fying screens), or certain preparations of zinc 
sulphide. In order to demonstrate the existence 
of these invisible radiations a spectrum need 
not necessarily be used. By projecting on to a 
screen the image of an electric arc and then 
placing in the path of the beam a piece of special 
black glass (Wood's glass) which absorbs all 
the visible light whilst transmitting the ultra-

• 
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violet , the image of the arc can be made to parency of the atmosphere for infra-red has 
re-appear by placing at t he point where the enabled photographs to be taken, with these 
visible image existed one of the fluorescent rays only, of landscapes up to 331 miles distance 
screens mentioned above. from a high viewpoint. If all radiations of wave-

The glasses generally employed in the con- length below 7,000 A.U. are elimin ated, green 
struction of optical instruments transmit the foliage is reproduced as white as snow, owing 
ultra-violet down t o about 3 ,500 A.U. The limit to the intense fluorescence of chlorophyll with 
extends further t o about 3,200 A.U . in the case a maximum near 7AoO A.U. (c. Dehre and A. 
of certain special glasses (Uviol) . Thanks to the R afty, 1935), and as the blue of the sky is ren
absorption of our atmosphere, the sola r spectrum dered as black and there is no shadow deta il 
ends at about 3,000 A.U ., which fact protects the landscape.photographs thus taken in sunshine 
us from the very dangerous physiological effects with a clear sky give an impression similar to 
of the shortes t wave- length radiations such as that of a photograph taken by moonlight. 
are produced by arcs between metal electrodes 5. Natural and Pigmentary Colours. By the 
and transmitted by quartz (rock crystal) down colour of an object is always meant the colour 
to about 2,000 A.U., which is also approximately it appears when seen in white light, but this 
t he limit of transparency of gelatine and ai r. colour depends essentially on the nature of the 
By means of suitable apparatus (reflection light which illuminates it. 
gratings in vacuum), and by using sensitive If a paper covered with vermilion is placed 
surfaces without gelatine, it has been possible successively in various regions of the spectrum, 
to study photographically the ultra-violet down it appears red in the red region , yellow in the 
to about 100 A.U., where it joins the X-rays. transition region, and black in all the others. 

Quartz lenses, used in conj unction with fi lters Its surface, whilst readily reflecting the red and 
which transmit only ultra-violet , are employed spectral yellow, is not able to reflect the green, 
in certain special applications of photography. blue-green, and blue-violet; it absorbs and, as 
A filter sui table for this purpose is a thin film of it were, destroys these radiations. In white light 
silver. . the surface appears red because of the pre-

In photographs obtained with these radiations dominance of red in the light which it reflects. 
alone, glass objects appear completely opaque ; The vermilion layer will appear always red when 
certain white flowers and pigments are indis- illuminated by a light which contains red; and 
tinguishabJe from pure blacks, and, further, no black in all other cases. The colour is thus not 
background and no shadows appear in a land- actually in the vermilion, but in the light. 
scape photographed in bright sunshine. The Similarly, a yellow flower appears successively 
photograph looks as if it were taken in a dense red, yellow, or green in the corresponding 
fog (R. W. Wood, 1910) . spectral regions, and black in all the others. 

The infra-red, which extends the visible spec- No natural or manufactured obj ect , no matte r 
trum beyond red, was of no photographic by what process it s surface is covered, can even 
interest for a long time, its effects being chiefly approximately be considered as m onochromatic, 
thermal. The only known means for infra-red that is to say, as reflecting only radiations of 
photography was an indirect method based on very nearly the same wave-lengths. Pure spect ral 
th e fac t tha t these radiations discharge almost colours do not exist in Nature (unless in the rain
instantaneously phosphorescent bodies . By uni- bow) ; all coloured objects, natural or artificial, 
formly exci ting a phosphorescent screen by extinguish more or less completely some of the 
ultra-violet , forming on it an infra-red image rad iations of the ligh t which shines on them, and 
and then applying it against a sensitive layer , i t is the net result of the reflection of the other 
a posi tive image (§ I 8) is impressed by the radiations which the eye observes. Colour is 
residual phosphorescence. therefore the result of a sHbtraction process . White 

Since the discovery of sensitizers (§223) for light becomes coloured because certain of the 
infra-red which are sufficiently easy to handle radiations in it are extinguished. It is therefore 
(E . Q. Adams and H. L. H aller , 1919 ; H . T. logical to define t he colours of things by the 
Clarke, 1925) , it has been possible to place on spectral regions which they absorb. A bright 
the market plates and films for infra-red photo- yellow like that of the petals of a buttercup is 
graphy up to 10,000 or 13,000 A.U. These due to the absorption of the blue-violet region 
sensitive emulsions must be kept and manipu- and to the free reflection of the two other 
lated with special care. The extreme trans- regions, green and red. If, on the other hand, 
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an object reflects to the eye only the yellow 
radiations, these are such a small portion of 
white light (less than I per cent) that the object 
appears almost black, or at least a very deep 
olive. 

By studying successively different colours, 
selected for the utmost purity and intensity, 
it can be shown, at least to a first approximation, 
t hat some of them absorb simultaneously two 
of the chief spectral regions that we have con
sidered, whilst others, absorbing only one of 
these regions, appear to be much more luminous. 
The table given below sets out some data on 
this point. 

Colours Spectral regions Spectral regions 
e xti nguished reflected 

Ul tramarine blue. Green + red . Blue-violet. 
Peacock blue. Red. Blue-violet + green. 
Emerald grecn . Red + blue-v iole t. Green . 
Cadmium yellow. Blue-violet. Green + rcd. 
Vermilion. l3luc-vio le t + green, Red. 
Carmines and purples. Green. Red + blue -violet . 

This table shows us the existence of a colour 
not having any spectral equivalent. The purest 
type of this is the intense rose colour given 
by dyes such as rhodamine, rose Bengal, or 
erythrosine. 

6. The colours which each reflect two of the 
chief regions of the spectrum are known as the 
primary colours by painters and printers, because 
by superposing them two at a time, thus adding 
together their respective absorptions (mixing 
of colours by subtraction of light ), the inter
mediate colours can be obtained which onlv 

• 

reflect one chief spectral region. For example, 
by superposing a peacock blue, which absorbs 
the red, and a yellow, which absorbs the blue
violet, we obtain a green, since th is is the only 
spectral region transmitted simultaneously by 
the two superposed colours. The mixtures thus 
obtained are necessarily darker than each of the 
mixed colours. 

By placing close to one another little dots of 
colour so small that when looked at by the eye 
from a normal distance they appear blended into 
a single colour (the technique of the pointillist 
and of Autochrome), the mixing of colours is 
brought about by the addition of lights. The 
colour of the mixed light, for the reason that it 
is made up of the radiations reflected by each 
of the colours in the mixture, is more luminous 
than each of the colours separately. 

7. The colour of a given substance depends 
to a very considerable extent on its state of 

division and on the medium in which it is. 
Many cases are known in which crushing a 
substance to a powder decreases its coloration . 
For example, blue copper sulphate appears white 
after being powdered. In addition to the light 
which has penetrated into the substance and 
which comes out from it coloured, due t o the 
absorption of certain of the radiations in the 
incident white light,l there is always a certain 
proportion of white light reflected or diffused 
from the surface without alteration in colour, 
and which diminishes the actual coloration of 
the substance. In the case of a polished surface 
the white light is reflected almost entirely in 
the direction determined by the laws of reflection 
from mirrors. It is thns only in this one direction 
that the colour is diminished by reflection , and 
sometimes even almost completely lost in the 
considerable excess of white light reflected; in 
other directions the coloration appears with 
maximum intensity. 

In the case of a coloured powder or of a matt 
surface, the white light is scattered without 
change of colour approximately equally in a ll 
directions, so that it becomes impossible to see 
the true colour of the substance. This effect 
would be diminished by wetting the surface of 
the body with water (it is known that photo
graphic proofs printed on matt papers are 
always more beautiful and vigorous when wet 
than after drying), but this kind of colour 
intensification can be made more permanent by 
replacing the water, a volatile liquid, by a 
varnish, the effect of which will be all the more 
marked if the colour is contained in a more 
refracting medium. This is the reason why oil 
paintings or colour suspensions in gelatine give 
much more intense colorations than can be 
obtained by means of water colours in a medium 
of a very weak proportion of gum arabic, or 
by pastels, a medium-free coloured powder, 
of which the character of lightness disappears 
when it is treated with a fixative, i.e. covered 
with a varnish. 

8. The colours given in the table in § 5 are 
pure saturated colours. On the other hand, the 
absorption band of a colour, i.e. the spectral 
region in which there is more or less complete 
extinction of the rays of the incident white 
light, may be of any extent, and its absorption 

1 Only such metals as copper, gold, etc., appear to 
colour the light by reflection, without the light pene
trating inside the substance. The coloured light thus 
reflected has mixed with it, however, a greater propor
tion of the unchanged white light. 
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may be complete or only partial. If the absorp
tion band extends throughout the whole spec
trum, either a dark or broken hue will result 
(corresponding respectively with dilution of the 
pure saturated colour with black or grey) 
according as the absorption in certain regions 
is complete or not. If the absorption band is 
of limited extent, and if no rays are completely 
extinguished, a pale hue will result, equivalent 
to mixing white and the corresponding saturated 
colour. 

Thus, for example, pure saturated orange 
absorbs the blue-violet completely and an 
appreciable fraction of the green, whilst trans
mitting freely all the red. If the absorption is 
incomplete, with a maximum in the blue-green, 
the orange will give a flesh colour due to dilution 
with white. 

In like manner, the admixture of black or of 
grey with orange gives, in the former case, a 
dark terra-cotta, and in the other, a broken 
cream colour. 

All shades of colour can be accurately defined 
by means of the curve showing in the normal 
spectrum the percentage of diffused light for 
each of the radiations. 

9. Nearly all obj ects, whether natural, dyed, 
or painted, even when they appear of very 
pure and intense hue, give actually only deep 
or broken hues, since no radiation is reflected 
corn pletely. 

The purest yellows, oranges, and reds reflect 
generally about 70 per cent of the radiations 
which, theoretically, they ought to refl ect (or 
scatter) completely. This proportion drops to 
about 20 per cent for the blues and violets and 
is less than IS per cent for the greens. In this 
connection some measurements carried out by 
A. J. Bull (I9II) on different leaves are given in 
the table below-

Holly Ivy Pine Ids Birch Beech 
(young sprouts) ( sprouts) 

• 

12% II % B% 10% 19% 32 % 

This explains the difficulties that are always 
experienced in giving a satisfactory rendering 
of leaves. 

10. Absorption by Coloured Transparent 
Media. These phenomena are much more 
defll1itel y shown when the light is filtered through 
a coloured transparent medium, because the 
change which takes place in the light during its 
passage through the medium is not, as in the 
case of coloured surfaces, viewed by the light 

which they reflect, masked by the white light 
reflected from the surface. 

Let it be remembered, first of all, that, con
trary to a widespread belief, the light is not 
coloured by its passage through a coloured 
medium; it only appears coloured because 
during its passage through the medium certain 
of the radiations which constitute white light 
are absorbed. A light-filter 1 always transmits 
less than it receives; even the radiations which 
are transmitted most completely by the most 
perfect filter are slightly weakened, to an extent 
not less than 5 per cent. 

The use of light-filters is the simplest method 
which can be used to obtain a coloured light of 
any desired quality . They are constantly used 
in photographic practice for such purposes as 
lighting dark-rooms, correcting the colour ren
dering by photographic plates, etc. 

A light-filter, like a pigmentary colour, is 
defined by its absorption band. It is as easy to 
obtain light-filters in gelatine identical with one 
another by using suitable quantities of pure 
colouring matters, as it is difficult (it would be 
even more exact to say impossible) to obtain 
identical coloured glasses of different makes . 
When it is also stated that, as a rule, the 
coloured glasses available for photographic uses 
are taken from among those used for making 
stained glass windows or for railway signals, it 
will be seen how difficult i t is to obtain results 
which are even roughly in agreement by using 
glasses specified only by their colour. The im
portance of the progress which has been made 
since the beginning of this century in replacing 
coloured glasses by scientifically-determined 
filters can easily be realized. 

A given light-filter absorbs a constant fraction 
of each of the radiations in the light which passes 
through it, whatever may be the intensity of 
the radia tion. For example, if a certain orange 
filter absorbs 70 per cent of radiation 5,700 A.U. 
(yellowish-green) and 55 per cent of light of 
wave-length 5,900 A.U. (yellow), these propor
tions will be absorbed whatever may be the 
composition of the incident light (white light 
or a light already coloured), whatever may be 
its intensity, and irrespective of the position of 
the filter in the beam. Moreover, any object 
whatever will appear precisely the same to the 
eye, whether the filter is placed between the 

1 In this volume the expression l£ght-ftlter will be 
employed, thus conforming with the photographic 
nomenclature used in most languages . It is llluch more 
accurate than terms such as coloured screen, ray screen. 

• 
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source of light and the object, or directly in 
front of the observer's eyes, so that the object 
receives light directly from the source. 

If two light-filters are superposed, the trans
mission of the two together is, for each radiation, 
the product of the two transmissions separately. 
This holds in whichever order the two filters 
may be placed. For example, if a certain 
orange-yellow filter transmits 50 per cent of 
the radiation 5,600 A.U. (pure green), and if 
another blue-green filter t ransmits 10 per cent 
of this radiation, then the two filters together, 
whether placed in contact or not, and in what
ever order the light passes through them, will 
transmit 0.50 X 0·10 = 0·05, i.e. 5 per cent of 
the radiation under consideration. 

I I. Sources of Artificial Light. The light 
emitted by different common forms of illumin
ants differs enormously, as regards the relative 
proportions of the different radiations, from 
natural white light. The proportion of red 
radiations is al ways greater in artificial sources, 
and the proportion of violet considerably less. 
The composition of the light emitted by a solid 
source depends essentially on t he temperature 
of the source. If the temperature of a body be 
gradually increased it emits first of all infra-red 
radiation, then red ; the other spectral radiations 
appear in their order as the temperature rises. 
Thus only very high-temperature sources emit 
an appreciable proportion of violet, which is, 
however, always less than that in solar radiation, 
since by no known means can a temperature be 
obtained comparable with that of the sun. 

A simple illustration of these facts can be 
seen in t he case of an electric lamp when the 
voltage is varied, either accidentally or by means 
of a rheostat connected in the circuit. The light 
becomes more white and more active on the 
photographic plate as the voltage is raised. 

To a degree of precision quite sufficient for 
prac tical needs, one can determine the composi
tion of common artificial sources by considering 
three groups of radiations, blue-violet, green, 
and red, with limits respectively at 4,950 A.U. 
and at 5,800 A.U. instead of considering each 
individual radiation present . 

Source of light R ed Green Blue 

-;-

% % % 
Daylight • • • • 33 ·3 33·3 33·3 
Metal filament electric lamp • 61 32 7 
H alf-watt electric lamp • • 50 30 20 
Incandescent gas mantle • • 54 38 8 
Low vol tage are, ordinary car-

bons • • • • • 50 32 18 
Low voltage are, impregnated 

white-flanle carbons • • 40 35 25 

A well-known effect of the particular composi
tion of the radiation from these light-sources is 
the changed appearance of certain colours when 
examined in artificial light; blues change to a 
deep grey; light greens to yellow; violets and 
pink colours t o red. This drawback can be 
overcome by passing the light through a bluish 
glass, which, however, reduces considerably the 
luminous intensity . 

Special mention should be made of illuminants 
which consist of a t ube containing a gas, made 
luminescent by the passage of an electric dis
charge through it. Two types of such lamps, 
mercury-vapour lamps and Neon tubes, are in 
everyday use, giving respectively a greenish
blue and an orange-red light. Neither of these 
sources gives a continuous spectrum, as do those 
enumerated above, but simply fine isolated lines. 
The mercury lamp gives, in addition to the ultra
violet, several lines in the violet, green and 
yellow, but nothing in the red. The Neon lamp, 
on the other hand, gives radiations in all the 
spectrum regions, but with marked predomin
ance of the red. 

It is plain that the ligh t of the mercury-vapour 
lamp cannot be compensated by filtering the 
radiations present in excess, since it does not 
contain any red. Endeavours have been made 
to obtain from it white light by using it in con
junction with under-run incandescent electric 
lamps, or neon tubes, or by using reflectors 
coloured with rhodamine, which, by fluorescence, 
transform into red light a part of the ultra-v iolet 
by which they are illuminated (§ 4). 

• 



CHAPTER II 

QUANTITY OF LIGHT 

12. Intensity and Brightness. The luminous 
power of the source is determined by its intensity 
and indirectly by its brightness. 

The in tensity is measured in decimal candles, 
or, for short, in candles, of perfectly defmite 
intensity, which differs only slightly from that 
of the candles ordinarily used for lighting pur
poses. As the intensity varies according t o the 
direction of the light, the mean value is generally 
taken, unless the direction is exactly specified. 

The apparent brightness of a source in a given 
direction is given by its luminous intensity, 
measured in candles, divided by the apparent 
area of the source in that direction. 

The idea of brightness is of special interest in 
the case of light-sources used for projection 
purposes, fo r in these cases the efficiency depends 
almost entirely on the brightness. 

F or general lighting purposes it is usual to 
avoid using very bright sources of illumina
tion. For equal intensity a low-brightness source 
having a large surface gives a more diffused light 
which produces less sharply-defined shadows. 

When we come to the question of the lighting 
of subjects to be photographed, the considerable 
differences in the composition of the light given 
by different sources, and especially the very 
variable proportion of the radiat ions which affect 
ordinary sensitive emulsions, make practically 
worthless any comparisons which are based only 
on the values of visual intensity . 

13. Illumination. The illumination of a sur
face is measured in lux or candle-metres , and is 
that produced on a screen, normal to the direc
tion of the rays and at one metre from a point 
source having an in tensity of one candle. 

Using a given surface, it can be shown that 
the same illumination is obtained on that surface 
by placing a point source of one candle at one 
metre, or a source of four candles at two metres, 
nine candles at three metres, and so on. This 
fact is always expressed by the law which states 
that the illumination is inversely proportional 
to the square 1 of the distance. We shall have 
occasion to refer to this law 2 in dealing with 

1 By the square of a number is Ineant th e product 
oj the number multiplied by itself; thus , 64 = 8 X 8 , 
or 64 is the square of 8 . 

2 The law of inverse squares is o nly valid for p oint 
sources, and canno t be applied to the "directed" 
beams fro m a lighthouse, a projector, or art enlarging 
lantern . 
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times of exposure and printing. In practice, 
this law may, however, be applied with sufficient 
accuracy for practical purposes in all cases where 
the dimensions of the source are only a small 
fraction of the distance from the source to the 
illuminated surface.1 

When a large surface is ill uminated by a 
source having small dimensions, the illumination 
of the surface falls off very rapidly on departing 
from the point of maximum brightness, at which 
the rays emitted by the source are incident 
normally. This decrease is still more rapid if, 
instead of having a radiation approximately 
symmetrical in all directions rela tive to the 
source, the source radiates mainly in one special 
direction, as is chiefly the case with an illumin
ated plane surface made incandescent. 

14. Quantity of Light or Exposure. 2 The 
quantity of light received by a surface of unit 
area, or the exposure received by this surface, 
is the product of the illumination of the surface 
and the time of illumination. The unit of 
exposure is the lumen-second or candte-metre
second, viz. the quantity of light received in 
one second by a surface of one square centimetre, 
exposed to a source of one candle at a distance 
of one metre. vVe shall see later that in the 
majority of photographic processes, equal ex
posures do not produce equal effec ts if the two 
factors of the exposure, the illumination a nd 
the time, are not t he same. 

A diffusing surface (not polished) is in a 
way a source of light, so that a brightness can 
be assigned to it. For practical purposes this 
brightness can be considered as proportional to 
the illumination. 

1 In the case of illu mination by a linear source seen 
under a very wiele angle (luminous tubes) the illumina
t ion is in versely proportional to t he di stance. In illu 
m in ation by a luminous surface (diffu ser, ceiling , etc.) 
cl ose to the surface to be lit and projecting considerably 
beyond it in all directions, the illuminm:ion is indepen
dent of distance. A wind ow can not be compared to a 
source of light. It constitutes a diaphragm which un
covers a variable extent of the source of diffused 
light (sk y , or wa ll diff using the light from the sky) ac
cording to the position o f the point chosen in the rOO I11. 

2 The word " exposure" is unfortunately used in 
two senses, viz. that here defmed, i .e. quantity of ligh t, 
and that of the period of time during which a sensitive 
surface is exposed to l ight. e.g . an " expos ure" o f so 
many seconds. It will be impossibl e in this work to 
avoid using the word in both senses, but it is hoped 
that no ambiguity will be involved. 



CHAPTER III 

LIMITS OF L UMI NOSITY I N PHOTOGRAPHIC SUBJ ECTS 

15. Range between Extreme Luminosities in 
some Common Cases. There is a general ten
dency t o exaggerate very considerably the ratio 
of the extreme luminosi'ties of the various sub
jects which are phot ographed. Measurements 
which have been carried out, either indirectly 
by means of photographic plates (Hurter and 
Driffield, 1890) or by direct (visual) photo
metric tests of points in a subject (Mees, 1914; 
Goldberg, 1919) , have allowed us to assign nu
merical values to the luminosities of various 
parts of ph otographic subj ects, such as a land
scape, an interior scene, a por trait , etc. 

In a sunlit landscape, wi thout any dense 
shadows in the foreground, the luminosity of the 
sky (comparable t o that of a whi te paper 
receiving an illumination of about 16,000 lux 
(§ 13) ) is not more than about 25 t o 30 times 
t hat of the deepes t shadows. The ra tio of the 
extreme luminosities for certain subjects is 
indicated roughly in the following table-

Su b ject 

Land scape, with sun in the field of view . 
Interior, w ith w indows showi ng a s unlit 

landscape . . . . • 

P ortrait, a rtifIe iallight , whit e clothes . 
Landscape w ith w hite sunlit areas and 

dense shadows in foregrou ncl . • 

Lampblack on white paper. . . 
Landscape in diffused light. with dark 

foreground .. . • 

Interior, no windows or refl ections in 
fie ld of view. . . . • 

The earth , viewed fro m above: balloo n , 
aeroplane (vertical view). . • 

Landscape in misty weather. . 

Ratio o f 
extreme 

lum inosities 

2,000,000 : J 

T,OOO : I 

100 I 

60 : I 

20 : [ 

I - . I .) . 

TO I 

4 : I 

2 : I 

The relatively low values of these ratios are 
due to two facts: firstly , that absolute blacks do 
not exist in Nature, 1 and, secondly, that, with 
the exception of polished obj ects, even the 
whitest ones reflect only a part of the ligh t 
which they receive. 

1 The o nly \vay to get an absolute black is thro ugh 
a relatively small hole in a large box, the i nterior of 
which is en tirely covered with black velvet, or, fai li ng 
this. a coating of la mp b lack and dextri n (§ 236). 
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A mass of magnesia, or a block of chalk, the 
whitest substances that are known, refl ect onl y , 

about 88 per cent of the light which falls on 
them,l even when the surface has been freshly 
scraped and made perfec tly clean. F or white 
paper this value falls to from 60 to 80 per cent 
according to the texture of the paper, its orienta
t ion, and the degree of purity. It is only 78 per 
cent for freshly-fallen snow and 50 per cent for 
a white-washed wa ll. 

The blackest surface known, black silk velvet , 
reflects 0'4 per cen t; matt-blackened wood and 
matt-black cloth 2 to 3 per cent; wh ilst black 
packing paper reflects up to 10 per cent of the 
light falling on it. 

In a landscape the ratio of the extreme lumin
osities becomes less as the sky gets more covered. 
In full sunlight and wi th a very clear sky, the 
shadows are only illuminated by the diffused 
light from nearby objects which receive the 
sun 's ligh t directly. When the sky is clouded 
t he whole of it acts roughly as a unifo rm illum
inating surface, and there are no longer any 
shadows. Between these two extremes, the 
more in tense the diffused light from the sky 
relative t o that coming directly from the sun, 
the more are the shadows illuminated . 

In a landscape, the ratio of the extreme 
luminosit ies is less for objects fa rther away. 
If the distant par ts of a landscape are examined 
with a telescope (or even with a cardboard tube, 
so as to isolate par t ofthe field of view), no heavy 
shadow can be observed ; diffused light from the 
atmosphere due to dust and water-vapour in 
suspension is superposed on t he di rect light 
from the object observed. At the farthest 
distance which can be seen in the direction of 
the horizon , no detail can be observed, all 
obj ects having the same luminosity as the sky, 
and becoming indistinguishable in a kind of 
bluish mist, called the atmospheric haze. Painters 
and draughtsmen make use of this fact (known 
t o them as aerial perspective) when they wish 
t o convey the impression of extreme distance. 

16. Sensitivity of the Eye. Thanks to the 
reflex movements of the pupil, which, by ex
panding continuously in a dark place and 

1 T hese coeffIcients of diffusion are sometimes 
called t he albedo of t he substance under considera ti on . 
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contracting almost instantaneously in bright 
light (varying from about z to 8 mm. in dia
meter), automatically regulates the quantity of 
light which falls on the retina, and owing to the 
adaptive power of the retina (§z46), the human 
eye can see objects of which the illuminat ions lie 
between some millionths of a lux and several 
million lux. Such extreme differences of lumin
osity cannot, however, be perceived simul
taneously. In full daylight , the minimum per
ceptible is about zo,ooo times more luminous 
than that perceptible during the night. 

The presence in the field of view of an object 
which is brighter than those surrounding it, 
and especially of an actual source of light, 
results in a kind of dazzling of the eye, which 
diminishes its sensitivity considerably and 
produces fatigue. The less the intensity of the 
surrounding illumination to which t he eye is 
adapted, the less may be the illumination of the 
obj ec t in order to give the sensation of dazzle. 

The ease with which the eye adapts itself to 
very different illuminations usually results in 
feeble intensities being evaluated much too 
highly . At a very rough approximation the 
following table indicates the average relative 
values of the luminosity under diffe rent condi
t" IOns 

Open air, Interiors, I nteriors, Streets normal , 
fine weather day-time at n ight lighti ng 

1 , 0 0 0 1 0 o · I 0·00 1 

17. Perception of Details of Luminosity. I n 
monocular vision (one eye only) , we distinguish 
different objects, or different parts of the same 
object, only by their differences of colouring, or 
by the variation of luminosity when we pass 
from one t o another. If one examines a land
scape or any other obj ect through a blue, green, 
or red filter of sufficient strength t o destroy 
practically all differences of colour, then the 
details are perceived solely because of the 
variation of luminosity from point to point. 

In a good light, which is neither too strong 
nor t oo weak, the eye can generally perceive the 
contrast between t wo adjacent surfaces when 
their illuminations differ by from I to z per cent 
(N utting, 1914; Goldberg, 1919). 

It should be noted that, as in acoustics, the 
smallest perceptible interval is determined by a 
ratio and not by a difference . The ease with 
which luminosity differences can be perceived 
becomes less as one of the surfaces becomes 
smaller, or when the surfaces compared have 
a coarser structure. Thus it is easy t o perceive 
on a smooth wall a luminosity difference of 
z per cent, and yet it is d ifficult t o see a difference 
of 5 per cent on a rough-cast wall, or on one of 
bricks. The sensitivity of the eye to luminosity 
differences becomes very much less both in a 
lighting st rong enough to cause dazzle and in 
the case of poorly-lighted surfaces. In the 
shadows in a sunlit landscape, luminosity differ
ences cannot be seen unless they are as much as 
zo per cent, or 30 per cent, or even 50 per cent 
in the case of leaves or other masses of a very 
pronounced structure. 

• 



CHAPTER IV 

PHOTOGRAPHIC I MAGES : THE IDE AL SCIENTIFIC I MAGE; THE AESTHETIC IMAGE 

18. Negative and Positive. The image obtained 
by the usual photographic processes is a nega
tive (Fig. 2) , in which the lights in the subj ec t 
are reproduced as olJacities and the shadows as 
transparencies. The photographic rep rod uction 
of this negative by a furth er inversion of lumin
osities gives a normal image, or positive (Fig. 3). 

It cannot be too strongly impressed on a 
beginner not to i udge the value of a negat ive 
by its appearance; t he negative is only a means 
to an end , and should be judged only by the 
prints which it is capable of giving . A pretty 
loolling negative is not always the bes t. 

19. Range of Extreme Luminosities in a 
Positive. The following table indicates the ra tio 
of the extreme luminosities in images on paper, 
obtained by different processes and viewed under 
normal condi tions-

Typographical impression. . fro m 1 0 : 1 to 35 : 1 

B lack to ne photographs, matt sur-
face 1 .. .. from 15 : I to 20 : I 

I ntag lio print (photogravure) . less t ha n 35 : 1 

Carbon p ri nts, black tone . a b out 40 : 1 

B lack to ne photographs, best qua l-
ity g lossy surface 1. . . 50 : 1 

P.O.P. prints, gold t o ned and 
glazed . . . . • about TOO : I 

These values should be considered as the 
maxima, corresponding with materials of the 
best quality and with perfect technique. They 
vary with t he conditions under which prints 
are viewed ; a n image in which the whites are 
more glossy than the blacks appears more 
contrasty when it is viewed in the open air by 
diffused light than in the light from a source 
which is almost a point. It appears still more 
contrasty when it is illuminated under good 
conditions near a window (N utting, I 9I4). 

20. The Ideal Scientific Reproduction. In a 
photograph which reproduces a subj ect wi th 
absolu te fidelity , there ought to be equality 
between each of the luminosities of the image 
and t he luminosity of the subj ect at the corre
sponding point. Obviously this equality is only 

1 A glossy surface reflects, according to the laws of 
specular refi exio I1, at Illost 10 p er cent of the ligh t 
falling o n it (e.g. porcelain and glazed p apers) . A 
surface which has a specular reflex io n factor of less 
than 2 per cent appears p erfectly matt. 

1 0 

possible for a certa in value of the illumination 
of the image, and for aU other values reduces to 
a proportionality. 

Even supposing that the photographic pro
cesses were able t o reproduce the subject faith
fully over the limi ted range of luminosities 
which can be ob tained with different papers,l it 
can be seen t hat reproduction under exac t 
conditions is impossible with an image viewed 
by refiection, since the range of extreme lumin
osities of the subj ect would be limited to 20 : I 
in the case of ma tt prints, or 50 : I in the case 
of glossy prints. 

Note in passing the superiority, for purely 
record purposes, of papers with glossy surfaces, 
which not only allow any details to be read 
under considerable magnificat ion (which cannot 
be done with a print the surface of which has 
a more or less coarse structure), but which also 
permit of a more correct representation of an 
extended range of luminosities. 

Thus one is often led deliberately to depart 
from the ideal proportionality between the 
luminosities of the image and those of the subj ect, 
and t o " compress" t he scale of luminosities 
of the image in such a way as t o bring it between 
the limits which are available in practice. 

21. The Aesthetic Image. It would obviously 
be correct to reproduce strictly the various 
tones which occur in a dark cave if the photo
graph obtained was going to be used to ornament 
the walls of this cave, or of any other place of 
the same illumination. Since, however, photo
graphs are usually intended t o be looked at in 
a well-lit room, they ough t therefore to ren
der the physiological relations of the different 

I On the contrary, there is no limit to this interval 
in the case of images viewed as transparencies (dia
p ositives) ; there is in this case a m uch greater liber ty. 
Note that this advantage is to a great ex tent lost if 
such an image is exam ined by the refl ect ion from its 
project ion on to an opaque screen, instead of exam
ining it directly. It may b e s tated as a genera l rule that 
as regards the commonest sub jects (phot ographs taken 
in good daylight or designed to give the impression 
of being thu s taken), the image on paper Should, in 
order to g ive natura l se nsa tions, d ifferentiate, in th e 
different reg ions , lu minos ities of which the ratios should 
be respectively-

High lights, 5 per cent. Half l ights , 10 p er ce nt . 
D eep shadows, 25 p er cent. 
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luminosities of the object, and not their physical 
values. 

The apparent relative luminosities of any 
scene or object change to a more or less marked 
degree when the in tensity of the illumination 

• 

• 

• 

• 

• 

• 

F I G. 2. T r-IE NEGATIVE h .IAGE 

in which it is examined is modified , just as if 
the intensity scale were transposed into a new 
key (F. F. R enwick, I9I8). 

A lump of coal illuminated by direct sunshine 
can send back more light than a lump of chalk 
in the shade, and yet we see the coal as black 
and the chalk as white. This physiological 
interpretation does not occur when we look at 
a photograph in which we may take the image of 
a black obj ect for that of a white one, or con
versely, according to their relative luminosit ies 
(H. Arens, I 932) . 

In order to give to a painting the impression 

of dazzling light, the artist often has recourse 
to the suppression or the weakening of the 
details in the brightest parts of the subj ect, 
whilst he conveys the sensation of obscuri ty to 
the observer by suppressing the details in the 

FIG . 3 . T HE P OSl'fl VE I MAGE 

shadows. These methods a re based on a correct 
observation of Nature, and just as the artist 
endeavours to reproduce Na ture as he sees it, 
so in the same way the photographer ought, 
with the same aim in view, to make use of know
ledge derived from a study of the characteristics 
of t he sensit ive surfaces which he uses. 

Such effec ts as the foregoing may be supple
mented by others, e.g. by tinting very lightly 
with yellow an image representing a sunshine 
effect; and with blue one wh ich is to give the 
effect of night , but such general treatment Illllst 
be done with extreme discretion. 



CHAPTER V 

PERSPECTIVE: MONOCULAR AND BINOCULAR VISION 

22. Geometrical Perspective. The perspective of 
an object or of a group of objects (from the 
Latin: to see across) is the trace of all the points 
of intersection of all the straight lines from a 
fixed point (the viewpoint or centre of projection) 
to all the points of the objects t o be represented, 
with a certain surface called the surface of 
projection . This surface is generally a vertical 
plane, but is sometimes a cylindrical surface 
(panoramas), or a segment of a sphere (cupolas), 
or, more rarely, some other surface. 

Practically, according to Leonardo da Vinci, 
the perspective m ay be defined as the trace 
which would be obtained on a transparent 
surface (glass, or gauze stretched on a fram e in 
the case of a plane perspective) , when one eye 
is kept in a fixed position determined by a 
sighthole, and the other is closed, in such a way 
that each of the points or outlines of this trace 
exactly masks the point or the corresponding 
outline in the subj ec t t o be represented. 

The perspective of anything of which all the 
parts, whether real or imaginary, have known 
dimensions and occupy known positions can 
be obtained by relatively simple geometrical 
constructions. Conversely , if a perspective con
tains the images of certain known objects, it is 
possible t o deduce from it the dimensions and 
the relative positions of other unknown objects 
whose images figure in that perspective. 

Such a perspective regarded b y one eye only 
from exactly the position of the viewpoint would 
appear t o us, a t least as far as the forms are 
concerned (without considering colours and 
luminosities), just like the obj ect represented 
would appear when viewed from the correspond
ing point, the same outlines being seen in the 
same relative positions. 

In conformity with this definition, the surface 
of a proj ection plane only plays the r6le of an 
open window through which appears the land
scape or the scene which was represented. 

23. If we consider an object (Fig. 4) which 
for clearness has been purposely chosen of simple 
form, a viewpoint 0, and a vertical plane T, 
then the perpendicular OP dropped to the plane 
from the viewpoint meets the plane at a point P 
(called the principal point), the distance OP being 
the principal distance of the perspective obtained. 

[2 

Any group of straight lines parallel to one 
another and to the plane of projection will be 
reproduced in the perspective by straight lines 
parallel t o those considered. In particular, all 
vertical lines in the subj ect will be represented 
by vertical lines in the perspective. 

Any groups of parallel straight lines which 
are not parallel t o the proj ection plane will be 
represented in the perspective by a group of 
s traight lines converging t o the same vanishing 
point, which is defined by the intersection of the 
proj ection plane with a straight line dropped 
from the viewpoint parallel to the direct ion in 
question in the subject. 

The vanishing points of all the horizontal lines 
are situated on the principal horizontal I-II-I ' , 
the intersection of the projection plane with the 
horizontal plane through the viewpoint and also 
(in this case of a vertical project ion plane) 
through the principal point P. 

In particular, all the horizontals contained in 
the fa<;ade of the shed (Fig. 4), or parallel to 
this fa <;ade, are represented by straight lines 
which converge to the vanishing point F, 
defined by the intersection of the plane of projec
tion with the straight line OF dropped from the 
viewpoint parallel t o the straight lines being 
considered in the subject . All other groups of 
lines parallel to the fa<;ade of the shed will have 
their vanishing points on the vertical line FG. 

24. Once the position of the viewpoint and 
t he direction of the projection plane have been 
determined, the perspective obtained is to a 
close degree independent of the principal dis
tance. The perspectives obtained from a single 
viewpoint but on several parallel planes are 
geometrically similar; anyone can be changed 
into any other merely by proportional ampli
fication or reduction; for example, by means 
of a pantograph. The principal distance only 
affects the scale of the images, which all vary 
proportionally. 

25. Deformations due to Displacement of the 
Viewpoint. When a perspective is looked a t 
from a point other than its viewpoint, the 
different parts of the image are no longer seen 
at the same angles as the corresponding parts 
of the subj ect . The representation in this case 
is falsified, and one no longer appears to see the 
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obj ect but only a more or less distorted form of 
it . 

If we suppose at first that the eye with which 
the perspective is observed remains at a distance 
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the shed as perpendicular to the plane of pro
jec tion, which is not the case. 

Every combina tion of the two displacements 
of the eye, the effects of which we have j li st 
considered separately, will result in a doubJe 
torsion of the obj ect. Notably, the straight lines, 
which in the obj ect were perpendicular t o the 
plane of projection, will appear always pointing 
towards the eye, whatever may be its position 
relative t o the proj ection plane. 1 

Now suppose that the eye, whilst being kept 
on the perpendicular from the proj ection plane 
to the principal point, is displaced along the 
length of this line. The obj ect will appear 
drawn Mit in depth or compressed, according as 
the distance of observation is greater or less 
than the principal distance, the deformation 
being in every case proportional to the ratio 

of these two distances. Imagine 
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two obj ects at A and B in the 
horizontal plane (Fig. 5). In 
the perspective traced from the 
viewpoint 0 on the projec tion 
plane T, the images of these two 
points are at a and b. If, insteacJ 
of observing this perspective 
from its viewpoint, the eye is 
moved t o 0', at double the dis
tance, obviously the obj ects 
cannot be considered as hanging 
freely in the air, but must 
be resting on the plane shown. 
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from it equal t o the principal dist ance, but 
without being placed a t the viewpoint, the 
obj ect undergoes a torsion . F or example, if the 
eye is in a position higher than the 
viewpoint, all the horizontals of the sub .. 

, , 
I , 
, , 

One is, therefore, compelled t o assign to these 
points the positions A' and B', the obj ect thus 
being drawn out in the ra tio of I to 2 . If 

T 

o 
ject appear to slope down from the 
observer t o the horizon; their vanishing o' 
Points become in fact lower than the eye, ... .:.~; :-~ - . _ -_. p --- - b 
and the apparent slope of each horizontal .<:: --'. will be that of a straight line joining the 
eye to the corresponding vanishing point . 

Next, suppose that the eye, while 
remaining at a distance from the pro· 
jection plane equal t o the principal 
distance, is displaced laterally . To make 
this clear, suppose it is placed opposite t he 
vanishing point F (Fig. 4). This point, being 
now substit uted for the principal point, would be 
on a perspective examined under correct con
ditions, the vanishing point of the straight lines 
of the subj ect perpendicular to the projection 
plane. Under the actual condit ions of examin
ation one is thus led to consider the fa~ ade of 
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B' 

1 Consider the case of a projection image containin g 
a weapo n which is being aimed straight in front . It 
is no I110re astonishing that whatever position an 
observer occupied relative to thi s image. t he weapon 
would always appear to be pointing straight at him, 
wherever he might be, t han to find that sLIch an image 
v iewed from the side does not show the profile of the 
weapon. 
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the distance AB is more or less fixed (the case 
of a man lying down to wh om cannot reasonably 
be attributed double the normal stature), the 
details of the object situated at A', which we 
intuitively consider as being at A", will be on 
an exaggerated scale for the position that we 
attribute to them in the object. The front planes 
are expanded relatively to the back planes. 

Obviously, these deformations may occur in 
addition to those due to the displacement of 
the observer upwards or across. 1 

26. Normal Distance of Vision and Angle of 
Visual Field. A normal-sighted person generally 
chooses a distance of 10 or 12 in. as the distance 
from his eyes at which to examine such objects 
as printed matter, etc. This distance is usually 
known as the normal distance of vision. The 
smallest distance of distinct vision at which 
things can be seen without any abnormal effort 
is rarely less than 6 or 8 in .; a normal eye can 
often see distinctly an object only from 4 to 6 in. 
away, but in such cases fatigue se ts in so rapidly 
that this can only be done for a few seconds. 

In order that the eye may perceive simul
taneously a ll the obj ects represented in a picture, 
the latter must not be too extended. The 
eye places itself at distances from the picture 
ranging between the length of the diagonal of 
the picture and three times this length, the 
extreme angle between the rays used varying 
between 53° and 19°· 

27. In order that a pcrspective may be 
examined with avoidance of the distortions 
described in § 25, it must be looked at from its 
viewpoint. The principal distance should then 
be at least equal to 10 in . (or, as an extreme, 
8 in.), unless the picture is examined by means 
of a magnifying glass, which allows it to be 
brought nearer to the eye; 2 moreover, it is 

1 Frequent examples of such deformations are met 
with in the use of painted backgrou nds of certain 
design , seen or photographed from a point other than 
th e viewpoint of the original projection. 

2 \,Vhen an image is observed with a magnifying 
glass under conditions such that the image is at infinity 
(this condition is instinctively fulfillcd by an observer 
o f nornlal vis ion, or by one who keeps on his correcting 
glasses), the image is seen as it would be if the centre 
of rotatio n of the eye coincided with t he optical ccntre 
of the glass. In order to examine under perfect con
ditions a perspective with a principal distance less 
than the distance of distinct vision, a magnifying glass 
must be chosen of which the focal length is equal to 
this principal distance. I ncidentally, n ote that the 
magnification of a magnifying glass is expressed by a 
quarter of the number expressing its converging pow er 
in dioptcrs. Thus a glass of 8 diopters (focal length 125 
mm.) has a magnification of 2, 

essential that the included angle (angle between 
extreme rays converging to the viewpoint) does 
not appreciably exceed 50°. 

If these conditions are not conformed with, 
the perspective can only be seen falsely. Accord
ing to what has already been said, it can easily 
be realized that the tolerances in the position 
of the eye during the examination become 
greater the greater the principal distance. In 
particular, if the principal distance is at least 
equal to 10 times the mean separation of the 
eyes, there will no longer be a very marked 
difference between the objects as received 
individually by each of the eyes, and the 
binocular view of the picture will no longer 

• • cause any mconvemence . 
28. Anomalies of an Exact Perspective. A 

perspective, traced directly on glass or resulting 
from correctly carried out graphical construc
t ion , is of necessity exact in the geometrical 
sense, but it may be either picturesque or 
defective, according to the value chosen for the 
principal distance and the included angle. If 
the eye can be placed at the viewpoint, it will 
obviously see an object identical with the object 
seen from the same viewpoint, but as soon as 
one moves from the normal posit ion (and this 
will necessarily be the case if t he principal 
distance is very short, or if the included angle 
exceeds the angle of the visual field) serious 
distortions will appear, especially towards the 
limits of the field . These distortions are due 
especially to the fact that the image projected 
on our retina is projected on to a sphere, a very 
different case from a plane perspective. 

From whatever angle we may look at a sphere 
its outline always appears exactly circular. On 
the contrary, the plane perspective of a sphere 
is an ellipse, except in the case where the centre 
of the sphere is on the perpendicular from the 
viewpoint to the proj ection plane. As the 
visual ray to the centre of the sphere makes an 
increasing angle with this perpendicular, so the 
distortion also becomes greater. 

Nevertheless, if one stands in front of a 
colonnade, all the columns appear the same 
diameter. If there is a difference, the columns 
farthest away appear somewhat smaller ; in the 
perspective of a colonnade seen from the front, 
the images of the columns become larger as one 
moves farther away from the principal point. 

Fig. 6 (from an old paper by Moessard), 
showing in elevation, in plan, and in perspective 
a series of identical vertical cylinders, each being 
surmounted by a sphere, is an excellent example 

• 
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of anamorphosis (i.e. a perspective which is 
displeasing, although correct) , due to the fact 
that an excessive angle 1 has been included (by 
means of the angular graduations given, the 
obliquities corresponding with different deforma
ti ons may be seen) . 

In fact, the art ist, painter, engraver, or 
draughtsman always m odifies the strict laws 
of geometrical perspect ive by means of certain 
tricks of which the greatest masters have given 
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FIG. 6. ' V IDE-ANGLE PERSPECTIVE 

examples. He generally limits the included 
angle to between IS° and 20° by choosing a 
principal distance somewhere between twice 
and three t imes the greates t dimension of the 
image. Further, even if he respects the laws of 
perspective whilst tracing the principal lines, 
he departs from them for the details, each obj ect 
being represented almost as if it were seen from 
the front. It can almost be said that the painter 
only adopts the plane perspective for the placing 
of the different elements, the tracing of these 

1 Distortion s imilar to that of the spheres repre
sented in I'ig. 6 is often noticed in the faces of people 
photographed ill t h e foreground under a r elatively 
la rge angle (photographs of crowds, banquets, etc.) 

resulting from the drawing on the plane of 
their spherical perspectives. 

Notice, however, that the observer who can 
only see with one eye and who cannot move, 
though provided for by the theorists of per
spective, is not found amongs t Nature artists, 
who always judge their effects with both eyes 
open, and frequently move about so as to look 
at their picture from points far removed from 
the actual viewpoint; by doing this they can 
correct the anomalies which would show to 
badly-placed spectat ors. This explains why pic
tures in museums can be examined from very 
different posit ions, and often even abnormal 
positions, without appearing displeasing. Un
fortunately, this wide tolerance is not found in 
the examination of a perspective, unless its 
principal distance is very great and the included 
angle very small. 

29. Influence of Choice of Viewpoint. The 
choice of viewpoint affects the aspect of the 

, 
,.----- - ---_ .-- - ------. 

F IG. 7. EFFECT OF VIEWPOINT ON 
PERS PECTIVE 

image of each of the different objects and at the 
same time the ratio of the respective sizes of the 
images of objects situated at different distances. 

Consider the case of a sphere (Fig. 7), and 
let us determine the perspectives from the two 
viewpoints 0 and 0'. It will be realized at 
once that, seen from very near, the sphere will 
show only a small fraction of the surface which 
can be seen from a farther distance away; all 
the shaded zone will be seen from 0 and not 
from 0'. It can be seen that if we substitute 
for the sphere a human face seen from the front, 
then from the viewpoint 0' the ears will be 
hidden , and the mouth (the opening of which 
represents about a quarter of the diameter) will 
occupy a t hird of the apparent diameter and 
seem t o be enormous. 

Now consider the case of two objects of the 
same dimensions sit uated at different distances 
from t he viewpoint, in the same direction. If 
the nearer of the two objects is at a distance 
from the viewpoint equal to n times the distance 
between the objects, the respective scales of 
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their images will be in the ratio n/ (n + I ). Thus 
the images will become less different as n gets 
greater, as is shown in the following table, 
where the values of n/ (n + I) are given for 
differen t values of n. 

" 1 2 3 4 5 10 20 100 
11/(11 + I) 0 '50 0 ·66 0 '75 0-80 0 -83 0'90 ' 0'95 0'99 

Thus it can be seen that if the distance of 
two equal objects is equal t o the distance of 
the nearer of them from the viewpoint, one of 
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]7 IG. 8. PERSPECTI VE O N AN I NCLlNED PLANE 

the obj ects will be represented twice the size 
of the other. If we mUltiply by t en the distance 
to the first of the objects, and compensate fo r 
this increase of distance by ex tending the 
principal distance until an image of the nearer 
obj ect is obtained which is the same as previ
ously, the more distant obj ect will not differ 
from it more than 1 0 per cent . 

Returning now to the case of the front view 
of a portrait, and bearing in mind that the point 
of the nose is about 41 in . or st in . in front of 
the back outline of the ears, it can be calculated 
that in a portrait taken at about 4 ft . from the 
sit ter, a rigorous applicat ion of the laws of 

perspective would result in the nose being 
represented on a scale greater by 10 per cent 
than the scale of the ears. A painter, when 
sketching a portrait , is always at least 10 or IS ft. 
from his model. 

Let us t ake the case of a house, and consider 
its perspective at a distance of about 3 00 yd. 
At this distance the house is in correct relation 
with the distant landscape. If now we approach 
to within 20 yd. of it, whilst keeping the same 
principal distance, the image of the house will 
be magnified IS times, but the distance will be 
practically the same size as before, and will thus 
be on a much smaller scale. 

Similarly, a painter, when prevented from 
going back far enough to sec properly, would 
design the background on a magnified scale in 
order t o correct t his effect, which, though it 
would be scarcely noticeable in the examination 
of a landscape itself, because our brain corrects 
the sensations which our eyes transmit to it, 
might be displeasing in the case of a plane image. 

30. Binocular Vision. Only a rough idea of 
the relative distances of obj ects can be obtained 
by monocular vision (using one eye only). One 
knows how di fficul t it is to place a finger in the 
neck of a bottle placed by someone else at the 
height of the observer 's eyes, when one eye is 
shut. The factors t o be appreciated are the varia
tion of the apparent dimensions of an obj ect 
of known size, the changes in the relative 
posit ion of the obj ects when the observer moves 
transversely, the aerial perspective (§ IS)' and 
the variations in the effort necessary t o accom
modate the eye (joctf,ssing the eye) according 
to the distance of the obj ect . 

The causes which give rise t o the sense of 
relief in binocular vision (using two eyes) are, 
on one hand, the dissimilarity of the two retinal 
images, each eye seeing a single near point 
projected on two different points of the back
ground, and on the other hand, the effor t of 
convergence of the ocular axes towards the 
fixed point, this eHort becoming greater as the 
point becomes nearer. These two circumstances 
only play a part for not very distant obj ects. 
Aviators and balloonists verify daily that 
at a few hundred yards above the earth all 
sensation of relief disappears, even for the 
highest buildings. 

Consider two perspectives of a single subj ect, 
each perspective having the same principal 
distance, on two parts of the same plane, 
from two viewpoints the separation between 
which is equal t o the mean separation of the 
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eyes (about 65 mm.). If the centres of rotation 
of one's eyes be placed at the viewpoints, each 
eye only seeing the perspective of its own 
viewpoin t , the same sensation of relief will be 
experienced as in direct observation of the 
obj ect with the two eyes (the variations of the 
accommodation no longer come in in this case) . 
This relief may be so striking that an observer 
who did not already know would scarcely believe 
that the solid image which he could see was 
actually the result of two plane images. 

This fac t forms the basis of stereoscopy. 
Stereoscopic vision implicitly assumes that the 
observer has two equal and symmetrical eyes. 

31. Perspective on a Non-vertical Plane. If 
from the viewpoint 0 (Fig. 8) the perspective 
of a solid body 5 be drawn on the non-vertical 
plane T, the images of all the vertical lines of 
the solid will converge to the vanishing point 
V where V is the intersection of the plane T 
with the vertical dropped from the viewpoint. 

In presenting this plane under the same 
obliquity to an observer whose eye, placed at 
0, would be forced to look in the direction of 
the principal point P, especially in the absence 
of external marks which would indicate to him 
the obliqui ty of the plane on which was the 
perspective, he might have the illusion of the 
object represented. But an observer who did 
not know, examining such a perspective under 
the same conditions as he would regard a normal 
one, would be led to conclude that the solid 
obj ect represented was not a parallelepiped, but 
a truncated pyramid. H e might not unnaturally 
conclude that the solid figure was represented 
as in the act of falling.' 

A vertical plane of proj ection is the essential 
condition for the reproduction of vertical lines 
as verticals in the perspective. 

Experience shows that once the perspective 
has been drawn under these conditions, the 
projection image can be then shown obliquely 
without its being displeasing (the case of pictures 
hung rather high in such a way that their view
point is at the height of the observer' s eyes when 
standing) , t hough from the moment when we 
realized this obliquity we should not consider 
as admissible the represen tation of an obj ect 
on an inclined surface, even if this was viewed 
under its normal inclination. 

32. Panoramic Perspective. In cylindrical per
spective, known as panorama, the viewpoint is 

1 W e are not envisaging here the case of views in ten
tiona lly taken looking d ownwards or upward s fo r 
documentary purposes or in order to achieve some 
specia l effect. 

2- (T·S630 ) 

situated on the axis of the cylinder of nwolu
tion (vertical cylinder), which constitutes the 
projection surface. In this system of per
spective, verticals are represented by verticals, 
the horizon line by a meridian circle, and all 
other straight lines by ellipses. When the pro
jection surface is maintained in its cylindrical 
form and looked at from the viewpoint, what is 
seen is identical with the subj ect, but if the 
projection surface is now unrolled and becomes 
a plane, all the straight lines of the subj ect, 
with the exception of the verticals and the 
horizon line, are represented by curves. Thus 
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it is, for example, that the straight line ABC 
(Fig. 9) is represented in the panoramic per
spective, after this has been flattened out to a 
plane, by the curve abc, with vanishing points 
at F and F' , which are common to the perspec
tives of all other straight lines parallel to that 
considered . 

Such deformations are obviously a drawback 
in cases where it is desired to represent subj ects 
containing numerous straight lines other than 
the verticals, such as architectural works or 
views of towns having s traight streets. But the 
suppression of all deformations due to excessive 
obliquity of the visual rays relat ively t o the 
projection of plane perspectives (§ 28, Fig. 6) 
gives to panoramic photographs, often limi ted 
t o a fraction of the complete horizon, a special 
interest in such cases as the representation of a 
very extensive landscape, such as high moun
tainous coun t ry, or of a large number of people. 

Due t o its being unfolded to give a plane 
surface, such an image no longer permits of 
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one viewpoint only, but of an infinite number 
of them, arranged on a straight line parallel 
to the horizon line, at a distance from the image 
equal to the principal distance. Such a proj ec
tion should be considered as the combination 
of a great number of projec tions each formed 
from a stra ight vertical band, each to be exam
ined from its particular viewpoint. The observer 
moving in front of the projection should thus 
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only look at the details of the image which he 
sees exactly opposite to him. 

33. In practice, the question has arisen as to 
how to place a series of people in such a way 
that, after the panoramic photograph has been 
flat tened out to form a plane surface, the figures 
appear exactly in line. 

To do this the people should be placed along 
an arc of a hyperbolic spiral (C. J. Stokes, 1919) 
having its origin at the viewpoint, that is on the 
axis of the cylinder. To trace the correct curve 
to give the desired result, the procedure is as 
follows-

With a principal distance of, say, 10! in ., we 
may use a projection, which, after being un
folded to form a plane, measures 24 in . long, 
corresponding to an arc of 1 32° in a circle of 
IO! in . radius. Considering only a part of this, 
we will include the people within an angle of 
120° . We will allow a height of 4i in. for the 
image of the nearest person and 3 in. for the 
ones farthest away, assuming the people t o have 

an average height of 66 in. Equal lengths 
measured on the horizon-line of the image on 
the plane correspond with equal angles on the 
ground. The diminution of t he height of the 
images being continuous, and the ratio of the 
dimensions of a person to his image being equal 
to the ratio of their distances from the view
point, the distances of people in the different 
directions, defined by the angle they make with 
the direction chosen as origin, may be calculated 
as follows-

Angle H eig ht o f Distance from subj ect t o 
• viewpoint Image 

0' 12 em . (168 X 26) / 12 = 3 m. 64 cm . 
30° II " (168 X 26) / II = 3 m . 98 .. 
60° 1 0 " (168 X 26) / 10 = 4 m. 37 " 
90° 9 " (168 X 26) /9 = 4 m. 85 " 

120 0 

8 " (168 X 26) /8 = 5 m. 46 .. 

Fig. lOA represents the curve along which 
people should be placed in order t o obtain the 
effect shown in Fig. lOB. The extensions of the 
spiral in parts other than those coming in to the 
case considered have been traced. It will be 
noticed tha t in one direction it tends to approach 
more and more nearly t o a circle, and in the 
other, to approach indefinitely to a straight line. 

34. Sharpness of Vision. Sharpness of vision, 
variable with the illumination and the observer, 
is measured by the distance from centre to 
centre of black parallel lines of equal width, 
separated by white spaces of the same wipth , 
this distance being expressed as a fraction of 

FI G. II. TES T OBJ E CT F OR S HARPNESS OF 
VISION 

the greatest distance at which the lines can still 
be separately seen when viewed closely , i.e. 
when their images are formed on the most 
sensitive par t of the retina . A good eye can 
distinguish two lines the distance apart of which 
measured from centre to cen t re corresponds to 
an angle of I minute. This would be given by 
a distance of 1 / 250 in. at 12 in. A kind of fan
shaped object such as that shown in Fig. II is 
used frequently, with equal sectors alternately 
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black and white. In this case the smalles t 
distance from the thin end is determined at 
which the sectors are still distinguishable from 
one another. P ractically , the sharpness of an 
eye is considered to be about the average when 
it can separate lines 2 ), 7f in. apar t at a distance 
of 8 in., corresponding with an angle of Jro'oo 
radian. 

35. Depth of Field. When the eye is accom
moda ted for regarding an object at a certain 
distance with maximum sharpness, obj ects 
nearer and fa rther away do not give sharp 
images on the retina. There exists , however , a 

certain zone within which all obj ects appear to 
the eye with the same sharpness. The depth 
of this zone is known as the depth of field, which 
becomes greater as the object viewed is farther 
away. 

In fact, in looking at a scene of which the 
different elements are at very different distances 
from the observer, the accommodation varies 
const antly as the eye concent rates on the vari ous 
points. Thus, in the average sensation which 
results, the most important points are seen more 
sharply than those of only secondary interest , 
which are, as it were, only seen accidentally. 



PART 2 

THE OPTICAL IMAGE BEFORE PHOTOGRAPHIC RECORDING 

CHAPTER VI 

THE CAMERA OBSCURA AND PINHOLE P HOTOGRAPHY 

36. The Camera Obscura. The camera obscura 
(Fig. 12) appears t o have been known at a very 
early date. 1 In one of his undated manuscripts, 
the celebrated painter, engineer, and philo
sopher, Leonardo da Vinci, who died in 1519, 
describes this phenomenon in the fo llowing way, 
without giving any indication that it was either 
a recent or personal discovery : " vVhen the 
images of illuminated obj ects enter a very dark 
room th rough a very small hole and fall on a 
piecE' of white paper at some distance from the 
hole, one sees on the paper all the objects in 
their own fo rms and colours. They will be 
smaller in size and will appear upside down 
because of t he in tersection of the rays .... 
A suitable hole can be made in a very thin plate 
of iron." 

Outside the room each illuminated point, 
scattering the light in all . directions, sends 
through t he aperture a beam of light in the 
form of a very narrow cone. This cone has its 
apex at the object point in question, and its 
base is that of the aperture . Thus it illuminates 
the scattering or translucent screen on which it 
is received by a small spot , which is thus the 
image of the point obj ect . 

Within certain limi ts, the spot formed by the 
projec>tion of the aperture on the screen will 
become smaller, and consequently the whole 
image sharper, as the aperture itself becomes 
smaller and as the material in which the aper ture 
is made is thinner. The image will also become 
sharper as the aperture is moved farther away 
from the screen. In fact, under these conditions, 
the sizes of the individual spots increase much 
less quickly than the dimensions of the image. 2 

The camera obscura was much improved in 
the second part of the sixteenth cen tury by 

1 It was apparently m entioned b y I bn al Haitam 
in 1038 (Eder 's J ahrbuch f u r P hotographie , 19 10, 

p. 12). 
2 Such images sometilnes occur unintentionally on 

photographic plates as parasite images or " doubles," 
when there happens to be a small hole in the o uts ide 
wall of the camera, such as a screw-hole which has not 
been stopped up . 

• 
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fitt ing a biconvex lens at the aperture. In the 
early part of the eighteenth century it was 
developed into a portable instrumen t sim ilar to 
our present-day cameras, and was frequently 
used by artists as a means of making sketches 
from Nature. 

37. Identity of the Camera Obscura Image 
with an Exact Perspective. In 1568 D. Barbaro 
recommended the use of the camera obscura for 
automatically making perspective drawings. 

Suppose that a sheet of glass is put in front 
of the camera at the same distance from the 
aperture as the screen on which the image is 
projected is behind, and parallel to, this screen. 
The perspective formed on this surface wi th the 
aperture as viewpoint will be accurately formed 
by the intersect ion with the plane of this glass 
of all the rays which, after passing through the 
aperture, go to make up the images of the 
external obj ects. The exact identity of this 
image and of the perspective obtained can be 
easily shown (Fig . 13). It is due to the fact 
that the traces of the points of in tersection of 
the lines in a beam of concurrent st raight lines, 
with two parallel planes symmetrically placed 
relative to the meeting point of the lines, are 
su perposable one on the other. 

38. Pinhole Photography. Although not much 
practised in recent years, pinhole photography 
can give very useful results in the case of 
inanimate objects; it even yields images under 
conditions in which it would be impossible to ge t 
comparable results with the obj ectives now 
available (Meheux , 1886). 

In order to obtain an image of sufficient 
sharpness it seems t o be an advantage to use 
an aperture of the smallest possible diameter 
in a very thin plate.' A simple experiment, such 
as forming the image of a luminous filament of 
an electric lamp, shows that wi th each distance 
of the object from the camera there corresponds, 

1 A thick plate would restrict t he fi eld included, and 
would decrease th e contrasts in the picture. o wing to 
light reflections from the cylindrical surface o f the 
aperture. 
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for a given diameter of the aperture, a distance 
from the aperture to the receiving screen (e.g. 
a matt glass) at which the greatest possible 
sharpness of the image is obtained . Actually , 
the phenomenon of the diffraction of light 
modifies, sometimes in one way and sometimes 
in another , according to the circumstances, the 
effective diameter of the spot, as ascer tained in 
accordance with the laws of the rectilinear 
propagation of light.' 

There is quite an appreciable latitude in the 
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conditions for the best results. which explains 
why the rules formulated by different experi
menters show a certain amount of inconsistency. 

For photographing distant obj ects, the op
timum distance F from the aperture to the 
screen. or t o the photographic plate which may 
be substituted for the screen, should lie between 
two limits calculated respectively by multiplying 
the square of the diameter d of the aperture by 
625 (Abney ; Dallmeyer), or by 1 ,25 0 (Colson; 

1 T he fact tha t the progressive decrease of the open
ing of a pinhole causes the sharpness of the image t o 
pass through a InaxinlUl11 affords a n example of the 
fact that geometrica l optics (or, m ore exac tly , collinear 
geometry). while able to indicate sufficient ly the posi
tion and size of images. is quite unable t o ind icate the 
degree of their sharpness. 

Combes),' all distances being expressed in 
millimetres. For example, with an aperture of 
0 '4 mm. diameter , the distance F should be 
between the two limits calculated as fo llows.-

625 X 0 ' 4 X 0 '4 = 1 00 mm. ; 
1,250 X 0 '4 X 0 '4 = 200 mm. 

The sharpness of im ages photographed in this 
way. when the conditions are properly adjusted, 
is quite comparable to that of images given by 
soft-focus lenses, and particularly by anachrom
atic lenses. 

A considerable angle of field can be covered 
by a pinhole. which can thus be advantageously 
used for photographing monuments in cases when 
it is not possible to go a sufficient distance away? 

The one disadvantage of this process is the 
relatively long exposures required. This, how
ever, is of considerably less account now that 
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we have at our disposal plates of such extreme 
sensitivity,3 

39. Making a Pinhole. I t is not very easy 
to obtain commercially metal plates having 
calibrated holes with clean edges suitable for 

1 This rul e, which is partly experi mental and partly 
theoretical , may be expressed th us 

625 d 2 < F < 1 250 d' 

In the case where it is desired to photograph very near 
obj ect s the optimum extension is calcula t ed in j ust t he 
same way as when using an obj ect ive of focal length 
F under the same conditions (§ 60). 

2 A m inute camera with four pa irs of pinhole 
lenses, fitted in an oesophagic probe, has been used for 
photographing the internal wall s o f the s tomach 
(H eilpern. Back and Veitsch berger, 1930). 

3 The time of exposure o n very rap id modern p lates, 
for an open la ndscape photographed in s ummer in fin e 
weather at mid-day, with an aper ture of 0 ·6 mm. 
d iameter a nd a principal distance (or extension) of 
200 m m. (8 in .). is about 5 seconds . 
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pinhole photography. It may, therefore, be 
worth while briefly to describe how such an 
aperture may be made. 

Experience has shown that there is no appreci
able difference between the results given by 
pinholes of circular apertures and those of 
square apertures. One can, therefore, proceed 
t o construct one as follows (Malvezin ; Gabriely). 

On a piece of card draw two lines in the form 
of a cross (Fig. I4). At their point of intersection 
cut out a circle of about t in. diameter. Outside 
this circle stick four needles into the card (shown 
by the black circles) , the diameter of the needles 
corresponding to that of the desired aperture, 
making sure to push them in far enough for 
t heir uniform cylindrical parts to be actually 
in the card. Next, fix with glue four bands of 
about ~ in. width cut in metal foil (extra thin 
copper) or in aluminium leaf, as shown in the 
figure. There will now remain a square aperture 
with t rue edges, the length of each side being 
equal to the diameter of the needles. Remove 
the needles and protect the whole thing by 
another card with a piece cu t out of the centre, 
glued on to the first . Blacken the exposed 
surfaces of the cards . 

In order to make a circular aperture in a piece 
of metal foil resting on a strip of soft wood or 
on a piece of lead, a needle may be used as a 

• 

punch . The needle should be stuck through 
the cen t re of a cork along the axis of the latter, 
cut off flush with one end, and the other end 
of the needle then cut about I /25 in. from the 
other surface of the cork. This projecting end 
must be in the parallel cylindrical part of the 
needle. Now rub the protruding end on an 
oilstone until a plane and polished end with 
sharp edges is obtained. The hole is then made 
in the metal foil by giving the top of the cork 
a sharp blow. The edges of the hole thus made 
should be examined with a strong magnifying 
glass, and, if necessary , made perfectly smooth 
by means of the finest emery paper. . To render it 
permanent, the metal foil may now be mounted, 
as described above, between two cards. 

The aperture made in this way may be fixed 
to the front of a camera or any light-tight box 
which can be loaded with a plate or film. A 
'card running in grooves makes a sufficiently 
good shutter, since the necessary exposures are 
long. 1 

1 The image given by a pinhole is genera lly so faint 
that it cannot be eas ily exam ined on a ground glass 
screen . In order to find ou t the width of fi eld which 
the pinhole gives, an aperture of about tth in. d iameter 
may be t em porarily substituted for it, or, failin g this, 
a spectacle lens of focal length equal 1.0 the di stance 
previous ly ascertained as optim um distance be tween 
aperture and screen for photographing distant objects . 



CHAPTER VII 

GENERAL PROPERTIES OF OPTICAL SYSTEMS; ABERRATIONS 

40. Lenses. Lenses are masses of glass, bounded, 
by successive moulding, grinding and polishing 
operations, by two spherical l surfaces, or a 
spherical and a plane surface. According as the 
beam of light emerging from a lens held up to 
the sun has a diminishing or increasing cross
section. the lens is said to be convergent or diver
gent : convergent (or positive) lenses are thicker 
at the centre than at the edge (Fig. 15, I to III) ; 
on t he other hand, the edges of divergen t (or 
negative) lenses are thicker than the centre (Fig. 
15, IV to VI). 

The optical (or principal) axis of a lens is the 
straight line joining the centres of t he two 
spherical surfaces, or, in the case of lenses having 
one surface plane, the perpendicular on to that 
surface from the centre of curvature of the other. 
In every combination of lenses the optical 
axes must coincide; this is known as a centred 
system. 

41. Images Formed by Convergent Lenses. 
The elementary teaching of optics assumes an 
ideal simplicity in the instruments studied which 
is quite artificial (lenses of zero or negligible 
thickness ; rays at small inclination to the axis 
passing through the lenses close to the axis, 
etc.) . These mathematical fictions can only with 
difficulty be applied to the complex system of 
the photographic lens, often working at a very 
large aperture over a very extended field ; it is 
all the more necessary to call attention to this 
poin t, as the application of the rules thus 
simplified may lead, by mathematical deductions 
which are strictly logical but ill-founded, t o 
grossly erroneous conclusions. 

When a convergent lens is placed at a suitable 
distance from a luminous obj ect (or more 
generally any well-lighted object, stray light 
being excluded) it forms a n inverted image 
which can be received sharply on a screen placed 
at a dete rmined distance from the lens, this 

1 Lenses have already been made with one or both 
s udaces non-spherica l (toric, elli pso idal, paraboloidal, 
etc.) ; some opticians co nsider that photograph ic lenses 
will not be further improved without recourse to such 
surfaces . 

It may be added that lenses in everyday use (mag ni
fiers , condensers, etc.) are generally not ground but 
mo ulded; mou lding is sometimes used, w ith suitable 
precautions, to minimize the labour of roughing lenses 
of large s ize or very cleep curves. 
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screen being, fo r example, a piece of white paper 
viewed by reflected light , or ground glass viewed 
by transmitted light. 

42. A simple lens (reading-glass of large 
diameter or condenser lens). when used t o pro
ject the image of a window on white paper 
pinned t o the opposite wall but placed not 
exactly opposite to the window, provides us an 
excellent lesson in optics . The image is rather 
poor , being spoilt by a number of defects or 
aberrations (the only optical inst rument tha t 
can give perfect images is the plane mirror). 
The images of the bars will show rainbow colours 
(chromatic aberration), and even if this aberra
t ion is removed by viewing through sui table 
coloured filters, the image is not sharp (spherical 
aberration due to the spherical form of t he lens 
surfaces). The image can be improved by cover
ing the lens with a piece of paper pierced with 
a circular hole smaller than the lens (diaphragm 
or stoP), but is then not so brigh t. Further, it 
is seen that t he images of the bars are m ore or 
less curved (distortion), the curvature varying 
with the position of the diaphragm. The lens 
requires to be moved towards or away from the 
paper in order to bring the centre and edges of 
the image successively into focus (curvature oJ 
the field) . Finally , the image of the vertical bars 
is not sharp at the same time as that of the 
horizontal bars, especially at the edge of the 
image (astigmatism). 

43. Real Images Virtual Images. An optical 
image (such as we have considered in the pre
vious paragraph), capable of being received on 
a matt screen, is called a real i1'lUlge . 

When a convergent lens is placed at too short 
a distance from an obj ect , it is impossible to 
form a real image of the obj ect at any posit ion 
of the screen, but on looking through the lens 
an upright, magnified image of the object is 
seen. Such an image, visible only through the 
lens by an observer looking in the direction of 
the object, is called a virtual image. All the 
observational instruments (telescopes, micro
scopes, etc.) , adjusted fo r an observer with 
normal sight, give v irtual images. 

A divergent lens can give only a virtual, 
upright, diminished image of a real obj ect, at 
a position closer to the observer t han the object . 

, 
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This property is utilized in the construction of 
" brilliant finders." 

44. Optical Centre Nodal Points. r n the 
opt ical axis of a lens is always a point, called the 
optical centre,l such that every ray the path of 
which (or its prolongation) within the lens passes 
through this point has its paths outside the 
lens parallel. The interrupted path of this ray 
of light forms what is called a secondary axis. 
The centre can be inside the lens (Fig. 16A) or 
outside (Fig. 16B).2 In the second case, it is 
not the effective path of the ray passing through 
the lens without angular deviation which meets 
this point; the optical cent re is the intersection 

I II TIl IV V VI 
FIG. 15. TYPES OF LEN S ELEMENTS 

1. Biconvex lens \ 
TT. Plano-convex lens Positive lenses 

'" . Convergent meniscus 
I. Divergent meniscus \ 

II. Pla no-conca ve le ns Negative lenses 
Ill. Biconcave lens 

with the optical axis of the continuation of the 
internal part of the ray . 

The intersections of the optical axis with the 
external parts of a secondary axis (or their 
continuation) define two points Nand N' 
(Figs. I6A and I6B). In a perfectly corrected 
system the positions of these nodal points 3 is 
invariable, whatever the direc tion of the rays 
considered. If the optical centre could be 
reali zed, it would be found that each of the nodal 

1 To determin e the position o f the optical centre it 
is sufficient to draw two parall el radii in the plane under 
consideration, one for each surface; the straight line 
join ing the intersection of these radii with t heir respec
tive surfaces cuts the optical axis at the point C, the 
optical centre. (F igs. r 6A a nd r6B.) If tangents a re 
drawn a t the points of intersection of the two pa rallel 
radi i with the surface a parallel g lass p late is formed, 
which coincides with the lens itself a t th e poin ts of 
contact. N ow a parallel plate produces no external 
deviation, so that the exterior parts o f a single ray 
through the centre are paralleL 

:! Note that the lenses drawn in Figs. I 6A and I6B 
have the same radii of curvature and the same distance 
between centres . 

3 Where the exterior surfaces of an optical instru 
ment are bounded by the same med ium (air in the case 
of a photographic lens) the nodal p oints are identical 
with the principal or Gauss points. This is not the case 
with an ilnmersion microscope objective where the 
outside s urface touches a liquid in contact with the 
preparation. 

points is its image formed by one of the surfaces 
of the lens, but on the assumption that this sur
face is bounded by an infinitely thick lens on one 
hand and by air on the other. Each of the nodal 
points is the image of the other formed by the 
lens or lens system considered. 

In order to distinguish between the nodal 
points, the one towards which the secondary 
axes from different points of the object converge 
is called the n odal point of incidence; that from 
which the secondary axes diverge to the different 
points of the image is the nodal point of emergence. 

The intersections PP' of the surfaces with the 
axis are sometimes called the poles. 

45. Foci Focal Length. The image of an 
infinitely distant point (e.g. a star) towards 
which the optical axis of a lens is pointed, is 
the focus of that lens. From considerations 
of symmetry this is necessarily situated on the 
optical axis. As the lens can be turned with 
either face to the point-obj ect , it possesses two 
foci F and F' (Fig. I7). In the case of a con
vergent lens the foci are the nearest points to 
the lens at which a real image can be formed of 
a real object . The word "focus" recalls the 
use of "burning glasses," the concentration of 
rays being a maximum in the neighbourhood 
of the focus so that tinder or other inflammable 
material can be ignited there when the lens is 
directed towards the sun. 

When the two surfaces of the lens are in free 
contact with the air, the distance of each of the 
foci from the corresponding nodal point is the 
same; this distance (NF = N'F') is called the 
focal distance or focal length. 1 For a rough 
approximation and where a thin lens is con
sidered, the nodal points can be ignored and the 
focal length reckoned from the optical centre 
C. In many lenses the opt ical centre is close to 
the diaphragm. Telephoto lenses are the chief 
exception. 

The focal length of an optical instrument is 
one of its essential characteristics. 

46. Chromatic Aberration. The refraction of 
a ray of light passing from one medium to 
another (from air to glass, or vice versa) at 
non-normal incidence has not the same value 
for different colours. Therefore, when a beam 
of white light (§ I) traverses a lens, the sharp 
images formed by light of different colours do 
not coincide. The rays which are refracted 
most, ultra-violet and violet, form their images 
nearer to the lens than those which are refracted 

1 The focal length is sometimes wrongly call ed the 
focu s .. 



GENERAL PROPERTIES OF OPTICAL SYSTEMS 25 

less, green and red. 1 (Fig . IS.) There is thus 
an infinite number of images each corresponding 
with one of the component radiations. In par
ticular the position of the foci (images of infi
nitely distant points on the axis) and of the 
nodal points (images of the optical centre) vary 
with rays of different colours, as does also the 
focal length . 

The practical consequence of this is that 
whatever be the position of the viewing screen 
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This inconvenience can be minimized by 
displacing the photographic pla te by the correct 
amount after visual focussing, or by using, both 
for focussing and ph ot ographing, a coloured 
filter which transmits only a small portion of 
the spectrum. Generally it is preferable to 
correct the chromatic aberration more or less 
completely by the use of at least two glasses of 
different characteristics, usually a crown and 
a flint, the use of different material a llowing 
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or the photographic plate on which the image 
is to be recorded, the sharp image corresponding 
with the apex of one of the cones is surrounded 
by bright rings corresponding with sections of 
all the other cones. If the position of the screen 
has been determined visually, and if the image 
is photographed with it in the same position, 
the phenomenon is increased by the fact that 
the focus chosen is the best for the yellow-green 
images, which are the brightest visually , and 
consequently will not all agree with that for 
the ultra-violet and violet images, usually the 
most active on a photographic plate.2 

1 Calling n the Inean r efractive index of glass and n: 
and nil the valu es of t he index for the two rays COIl 

sider ed , the difference of focallength (f'- J"), expressed in 
. n ' - nil 

t erms of the mean focal length f, is /,-/" = . f. 
(longitudinal chromatic aberration) . n - I 

Consid ering the sp ect ral l ines G and E (cor resp on d ing 
with the maximuIll photographic activity on ordinary 
plates a nd the maximum physiological activity r espec
tively), this expression represents about 0 '14 per cent 
o f the focal length for crowns and 0'16 per cent for 
fiin ts, the general designations of two classes of optical 
glasses . 

2 This defect is u sually referred to by saying that 

the images formed by two different colours to 
be united. Lenses for photography are generally 
corrected for D (yellow) and G (blue-violet) rays 
of the solar spectrum, and are then called achro
matic (from Greek, meaning colourless). F or 
some work, in particular colour ph otography, 

- ._-- ----- -- ---·--I-·-·-·-·~ 
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F I G . 18 . CHROMATIC ABERRATION 

such a correction is insufficient, and coincidence 
of the nodal points and foci for three different 
colours is aimed at, generally by the employment 
of at least three glasses. A lens so corrected is 

such a lens possesses a cheJnical focus as d istinc t from 
the visual focus . 



26 PHOTOGRAPHY: THEORY AND PRACTICE 

called apochromatic 1 (or with reduced secondary 
spectrum) . Fig. 19 is drawn for a photographic 
lens of 16 ft. focal length (in order that the 
aberration can be easily read), and indicates 
approximately th f!' displacements (distances from 
the mean focal plane P P') of the images formed 
by different spectral regions. 

Achromatic and apochromatic lenses are not 
usually corrected for infra-red. When photo
graphing with infra-red emulsions it is t herefore 
necessary to rectify the focussing, this correc
tion being made once and for all by methodical 
trial and error for each lens . As a rule the exten
sion of the camera must be increased, after visual 
focussing, by 0·3 t o 0·4 per cent of its value. 

For the study of other aberrations we shall 
suppose that chromatic aberrat ion is eliminated 

• 
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PIG. 19. CHROMATIC 

ERROR OF VARIOU S 

LENSES 

(r6 ft. focal length) 
___ Apochromatic 

--- Achromatic 
...... -... .. .. Non -,Ichromatic 

by means of a colour 
filter. 

47. Spherical Aberra
tion. Among the aberra
tions due to the spherical 
curvature of the Jens 
surface, the name spher
ical aberration is usually 
confined to that shown 
by light-rays at small 
inclinations to the axis. 

If we suppose a lens 
divided into zones con
centric to the optical axis, 
which can easily be 
realized in practice by 
means of diaphragms 
with annular apertures 
(Fig. 20) centred on the 
axis, the focal length of a 
convergent lens is found 
to dim inish progressively 

from the cent ral zone to the edge. F or any posi · 
t ion of the screen or photographic plate between 
the extreme foci F and F''' (Fig. 21), the image 
of a luminous point will be a circle, the bright
ness of which diminishes from the centre to the 
edge." 

1 In the lneaning g iven to this word by Abbe, an 
apochromatic objective ought also to b e aplanatic 
(§ 47) for two colours. 

2 The points of intersection of successive pairs of 
rays determine a surface, the form of which resembles 
the b ell o f a tnunpet, along which there is a concentra
ti on of tight. This can easily be seen by b lowing a 
smoke cloud into the b eam or placing a screen in the 
beam close to the focus and nearly parallel with the 
axis. This su rface, corresponding with a beam of l ight 
having aberration, is generally called the caustic of 
the beam. 

This aberration can be diminished by limiting 
the surface of the lens to a single narrow zone 
(in practice, the central zone) by using a 
diaphragm, but it is obvious that the position 
of the sharpest focus will depend on the aperture 
of this diaphragm. The spherical aberration can 
also be diminished by suitabJe choice of curva
tures of t he lens. 1 

As a rule, spherical aberration is corrected by 
making the images produced by two zones of 
the lens coincide, generally the central zone and 
the extreme (marginal) zone , or one close to it. 
This correct ion, obtained by the employment of 
a more or less complex system in place of the 
single lens, is never absolute . In order to show 
the importance of residual aberrations a curve 
is drawn in the principal section, of which each 
point is defined (Fig. 22) 

by the intersection of 
the incident ray with a 
line drawn perpendicular 
to the ax is through 
the corresponding focus 
(Fig. 22 indicates the 
aberration considerably 
exaggerated. It is usual 
to magnify the aberra- F I G . 20 . DIAPHRA G M 

tions, which in this case TO 

are those of a 4 in. lens, 
by 20). 

SHOW S PHER : CAL 

ABERRATION 

An optical system rigorously corrected for 
this aberration is said to be aplanatic 2 (Greek 

FIG. 21 . S PHERICAL ABERRAT IO N 

= free from error). As a matter of fact, no 
photographic lens is rigorously aplan atic. It is 

1 Spherica l aberration is at a minimum for a biconvex 
len s of which the surface on which the light is incident 
has a radius of curvature i that of the surface of 
emergence (for glass of mean refractive index 1-5). 
This minimum aberration is only 64 per cent of thClt of 
an equiconvcx lens of the same focal length. Spher ical 
aberration is at a maximum in the case of a meni scus. 

2 A regrettable confusion due to the syllable -plan. 
has often arisen owing to the erroneo us employment 
of this term to designate a lens free from cu rvature of 
field, i .e. g iving a plane image of a plane object. 
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possible to correct spherical aberration only for 
certain obj ect distances, which are selected as 
being those at which the lens will most frequently 
be used, according to the p~trpose f or which it is 
designed. In practice, the correction is sufficient 
for most requirements at intermediate distances. 
We shall see, however, that the residuals of this 

the rays of the meridian section converge, is 
then farther from the lens than the poin t C, to 
which the rays in tlJe sagittal section converge. 

If a screen (white paper, ground glass, etc.) 
is held perpendicular to the optical axis and 
gradually moved away from t he lens, the beam 
emerging from the lens and originating in a 
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FIG. 22. CHART OF S PHERICAL ERROR 

aberration determine the distortion of the image. 
48. Astigmatism. Astigmatism (Greek = 

absence of point) is an aberration which is seen 
in oblique pencils, and arises from the assym
metry of the refraction in different sections of 
the beam ; the most obvious effect is the con
cen tration of light into two distinct foci. 

To explain this effect, at least diagrammatic
ally, consider the section of the lens made by a 
plane containing the secondary axis AA' B' B of 
an oblique pencil (Fig. 23A), and also the 
sequence of sections of the lens and of the pencil 
by planes perpendicular to the first plane and 
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AB E RRATION OF OBLIQUE (A) AND AXI AL (B) RAYS 

containing successive elements of the secondary 
ax is, t he different sections being projected on to 
t he middle plane containing the interior portion 
A'B' of the secondary axis (Fig. 23B). In the 
first case (meridian section), the curvatures of 
the lens a re less pronounced than in the second 
case (sagittal section). The point B, to which 

single point source will describe on the screen 
successively the following shapes : a circle (when 
the screen is in contact with the lens); ellipses 
becoming flatter and flatter with their long axes 
in the meridian plane, which degenerate to a 
short straight line in that plane; ellipses orient
ated as before but becoming more and more 
circular ; a circle; ellipses getting flatter and 
flatter, with their long axes in the sagittal plane; 
a short straigh t line in the sagittal plane; 
ellipses again . 1 Fig. 24 represents this succession 
of" images" of a point source of light, consider
ably exaggerated. 

49. Tangential and Radial Images. The fact 
that a stigmatic pencil gives a double image, 
viz. two straight lines (focal lines) in different 
planes when refracted by an astigmatic sys tem , 
gives the following easily-observed phenomenon. 
If an obj ect consists of circles, concentric with 
the axis, and radii thereto, the elements R of 
each point of a radius will merge into one another 
and give a sharp image (at least for a certain 
length), while the elements T will give a blurred 
image (Fig. 25). Conversely, the elements T 
will merge into one another and give a sharp 
image of the circles (or short tangents to them). 
For this reason the images R and T are often 
called radial (or sagittal) and tangential images 
respectively. If the two focal lines are not 
widely separated from one another, or if the 
angular aperture of the beam is sufficiently 
small, a more or less homogeneous image will 
be produced if the screen is placed at an inter
mediate position where the pencil gives a circular 
patch (circle of least confusion, C, Fig. 24). 

1 This experiment can be best carri ed out by using 
an ordinary chemical fl ask filled with water as the 
" lens," a s it will be slightly assymetri c ; or one of the 
elements of a condenser may be used. 
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The locus of the radial images of infinitely 
distant points (e.g. stars) given by a lens is a 
surface 5 r (Fig. 26) , which (at least in the centra l 
region) is generally concave to the lens; the 
tangential images lie on another surface 5 t, 
generally less curved than 5,.. These two sur
faces (focal surfaces) have a point of contact 
at the focus F. 

The radial and tangent ial images of poin ts 
in any plane perpendicular to t he optical axis 
fo rm analogous surfaces. 1 

In order to represen t the astigmatism of a 

-• 
- -

lens, a graphic method is used similar t o that 
already employed for spherical aberration (Fig. 
22). The displacements of the t wo focal surfaces 
(multiplied by four to facilitate reading of the 
curves) for a lens of 4 in. focal length are plotted 
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FIG. 25. A S TIGl\'iAT ISM OF CONCENTR IC 
CI RCLES 

on the horizontal scale, while the angle made b y 
the secondary axis with the principal axis is 
plotted vert ically on the scale of 0 '1 in. t o the 
degree. Figs. 27A and 27B, from von R ohr, 
show respectively t he astigmat ism curves for a 
lens partly corrected for astigmatism (Ortho
stigmat type II) and for one well-corrected 
(Pl anar) . 

1 Tn t he case of simple lenses, the forms which red uce 
spherical aberration to a minimum are those w hich 
give a maximum of ast igmatism, and v ice versa . 

Correction of astigmatism is only possible by 
the employment of at leas t three separated 
lenses, or, if the lenses are to be cemented in 
groups, at least four lenses of different material. 
Two at least of t he glasses must form what is 

F IG. 2 4 . A ST JGMATIC 

I r\'l AGES OF A PO I NT 

called an abnormal pair in which the refractive 
index varies in t he opposite direction to the 
dispersion, thus behaving in a contrary manner 
to the old glasses. 1 

A lens corrected fo r astigma tism is said t o be 
stigmatic, or, more usually (in spite of the 
pleonasm), anastigmatic or an anastigmat. 

50. Coma. Coma is due to the difference of 
refraction in oblique rays between the central 
and marginal zones of a lens; it may thus be 
said to be spherical aberration of pencils travers
ing the lens obliquely . On account of dissym
metry between the path of t he rays in the 
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F IG. 26. AST IGM ATIC FOCAL PLANES 

meridian and sagittal sections (already referred 
to in the explanation of ast igmatism), an un
symmetrical patch is formed instead of a point 

1 The first glasses to be produced which allowed of 
correction of astigmatism (gl asses with small d ispersion 
and high refractive index) were made experimental ly 
in France by Feil in 1880; their manufacture was 
commenced in Gennany towards 1890 and for a number 
of years gave a pronounced superiority to German 
o ptics, the legend o f which still persis ts although 
English and French opticians have for a long while 
caught up and surpassed their German rivals. 
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image, the appearance somewhat resembling the 
image of a comet (whence the name) , the tail of 
which is generally directed away from the optical 
axis (otttward coma) . 

Coma is often associated with astigmatism, 
but whilst in the case of a lens incompletely 
correc ted, astigmatism attains a maximum and 
then decreases as the inclination of the rays 
to the axis increases, coma steadily increases. 
Also, being of zonal origin, coma is much more 
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A STIGMATI C FIELDS (VON ROHR ) 

rapidly reduced by the use of a small diaphragm 
than is astigmatism. 

Coma is seen in its characteristic form chiefly 
when long exposures are made on an object 
having a number of brightly illuminated points 
off the axis, the tails sometimes stretching a 
great distance . 

Fig. 28, taken from S. P . Thompson, shows 
the cross-section of the beam of light by a plane 
perpendicular to the axis in the neighbourhood 
of the normal position of the image of a point 
formed by a plano-convex lens, having a dia
phragm like that of Fig. 20, but containing 
several annular apertures. 1 

51. Curvature of the Field. For reasons of 
symmetry, it is easy to see that the images of 

1 If a biconvex lens giv ing minimum spherical aberra~ 
ti on (§ 47, note) is compared with a meniscus of the 
same focal length w ith its convex surface towards the 
incident light, it is found that the meniscus , while 
giving very pronounced spherical aberration , has mu ch 
less coma at an angle o f incidence of 20° . 

infinitely distant points given by a sphere of 
glass would lie on a spherical surface concentric 
with that of the spherical lens, and of radius 
equal to the focal length. In these circumstances 
the image of a near plane would be a surface of 
still greater curvature. 

The focal surface of a lens of old type (achrom
atics, recti lin ears, symmetricals) always has 
a very marked concavity 
towards the lens, the mean 
radius of curvature being 
between I'5 times and twice 
the focal length. 1 

In an astigmatic objective 
the surface that is to be con · 
sidered as the locus of the 
image is neither the radial 
nor the tangential surface, 
but an intermediate surface 
containing the circles of 
least confusion (C, Fig. 24). 

The practical consequence 
of curvature of the field is 
that, if a plane held perpen
dicular to the axis is dis
placed relatively to the lens, 
the position corresponding 
with maximum sharpness of 
the central region of the 
image is more or less distant F I G. 28 . COM A 

from that corresponding (S. P. T hompson) 

with maximum sharpness of 
the marginal regions of the image. In spite of 
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FIG . 29. CURVATURE OF FIELD 

the fact that (as we shall see) there is a lat itude 
in the position of the focussing screen or photo
graphic plate (depth of focus) , in focussing the 

1 The condition t hat must b e fu lfilled to flatten the 
field is incompatible with the condition for ach ro
matism, unless an abnormal combination o f glasses 
(§ 48) is used. 
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image sharp, curvature of the field sets a limit 
in every case to the useful angle of field of the 
lens. Fig. 29, which is essentially only diagram
matic, shows the impossibility of having on a 
plane P a sharp image formed on the surface S. 

B 

FIG . 30. TYPES OF DIS TORTION 

By adjusting the position of P t o give a sharp 
focus for the intermediate zone cd, the central 
and marginal (ab) parts of the image can be 
considered nearly sharp. The useful field of the 
lens is then limited to the angle A 0 B. 
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the image of a square AAAA centred on the 
axis by a meniscus lens will be either a pin
cushion shape BBBB (Fig. 30 or) barrel shaped 
ecce, according to the posit ion of the stop 
relatively t o the lens. The deformation is 
greater the greater the angle the square subtends 
at the lens. Fig. 31 explains in a simple manner 
the mechanism of this phenomenon. According 
to the position of the stop, different portions of 
an oblique beam possessing aberration are used 
for forming the image, so that the concentration 
of light occurs at different distances from the 
axis, whilst for a pencil parallel to the axis the 
position of the image is independent of the 
position of the diaphragm. The more or less 
blurred images BBBB and ecce result from 
the selection by the diaphragm of cer tain rays 
which, in its absence, would give an extremely 
blurred image combining these two partial 
images. 1 

The distortion is reversed if the stop is placed 
behind instead of in front, from which the simple 
conclusion was arrived at that by placing the stop 
in the plane of symmetry of an obj ective formed 
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F IG. 3 1. DISTORTION AND THE D IAPHRAG M 

The curvature of the field of anastigmats is 
always very much less than that of ordinary 
objectives. In the least favourable cases the 
radius of curvature of the field is at least four 
times the focal length. 1 

52. Distortion. It has long been known that 
1 For astronomical work of great preCis ion (Harvard 

Observatory) the plates are bent into a spherical form, 
of curvatnre equal to t hat of the focal surface (which 
is very small). The glass plat e, which is thin , is bent 
by suction against a concave support of cast iron. An 
earlier m ethod of compensation was t o place a plano
concave lens against the plate t o lengthen the focus of 
the marginal parts of the image (Piazzi Smyth's cor
rector). 

of symmetrical elements the distortion would be 
zero. Although, in fact, distortion is reduced 
under these conditions, it will only be zero if 
such an objective (said to be rectilinear) is used 
symmetrically, i.e. when producing an image 
of a plane surface the same size. In fact, a 

1 In a leus incompletely corrected for spherical 
aberration of oblique pencils, a displacemen t of the 
diaphragm in its own plane will produce similar deform
ation of the image, which will not be symmetri cal if t he 
diaphragm is not correctly centered. The same effect s 
may arise with any ap erture limiting the beam of li ght, 
e .g . the shutter, when this occupies a position other 
than the normal plane of the stop, or the plane of the 
focussed image . 

" 
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symmetrical lens, when used with an angular 
field of goa in the photography of distant obj ects, 
gives qui te distinct pincushion distortion. 

Actually , distortion is a very general pheno
menon, being present (although t o only a small 
extent) in lenses corrected for astigmatism and 
curvature of the field, and arises from spherical 
aberration of the nodal points, i. e. from a slight 
variation in the position of these points accord
ing t o the obliquity of the axes considered. 
Fig. 32, where the nodal point aberration is 
considerably exaggerated, shows 
that in these circumstances the 
images abed of equidistant points 
ABeD cannot themselves be 
equidistant, the seale of the 
image (ratio of the obj ect to the 
image) varying progressively 
from the centre to the edge. 
With pincushion distortion the 
scale increases from centre t o 

A 

B 

c 

Distortion, like the other aberrations, can 
be represented graphically . In F igs. 33A and 
33B, drawn respectively for a symmetrical and 
an unsymmetrical lens respectively (both by the 
same maker, of equal excellence, and of the same 
aperture), the divisions of the vertical scale 
correspond to the angles made by the secondary 
axes with the principal axis, while the horizontal 
scale indicates percentage variation of scale, 
positive (+ ) or negative (- ). Two curves are 
shown for each lens, one for obj ects at infinity 
( en ) and the other for an obj ect photographed 
at a reduction of one-tenth (from E . Wander
sleb) . 

edges, and the distortion is said 
to be p ositive; with barrel dis
tortion (negative) the scale 
decreases from the centre to the 

D .---.-,------------------ -- d ,--c 
~b 

edge. 
Ab e rr a ti o n o f th e nodal 

points, like all manifestations of 
spherical aberration, is reduced 
by using smaller stops, which 
at the same t ime reduce the 
distortion. 

With a n un sy mmetri cal 
obj ective, the optician can 

C' 

B'I--

remove distortion completely by a proper 
choice of the constructive elements at his dis
posal,l for a given scale of image, chosen at will, 
or, what amounts to the same thing, for a 
definite obj ect distance (e.g. for an infinitely 
distant object in lenses designed for aerial 
photography or landscape work; obj ect distance 
of several yards for portra it lenses ; scale 
approximately unity for process lenses). F or 
every other distance or scale, dist ort ion will be 
present (the more so with large-aperture lenses), 
although it may remain so small as only to be 
detec ted by laboratory methods. 2 

1 It must not be inferred generall y from this remark 
that because a lens is unsymmetrical it is necessaril y 
freer from d is tortion t ha n a sy m metrical lens. A bad ly 
designed unsym metrical lens has, on t he contrary, 
more pronounced distortion than t he worst of the 
sym metrical lenses. D istortion also varies fro m lens 
to lens in the same series . 

2 The name orthoscopic has sometim es been given to 
images free fro m d istortion , but, strictly speaki ng, an 

FIG. 32. SPHER ICAL ABERR ATI ON OF 
NODAL POINTS 

a 

53. Influence of Diaphragm Aperture on the 
Different Aberrations. The employment of dia
phragms with smaller apertures always (at any 
rate up to a certain limit) improves the definition 
given by a lens which is incompletely corrected, 
but the degree of improvement is different for 
the different aberrations. 

Chromatic aberration varies almost directly 
as the diameter of the stop; spherical aberration 
on the axis varies as a rule almost as the " cube " 
of the diameter (the product of the diameter 
multiplied by itself twice) _ Astigmatism · and 
curvature of the field are approximately pro
portional to the diameter and the square (pro
duct when multiplied by itself) of the slope of the 
secondary axis t o the optical axis; coma is pro
portional to this slope and t o the square of the 
diameter, approximately. 

image is free from distort ion only if the sharp images 
of obj ects a t infi nity, or ly ing on a plan e, them selves 
lie entirely on a p lane. 
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As a general rule, it can be stated that no lens 
is completely corrected, but for tunately the blur 
produced instead of the ideal poin t image is not 
of uniform intensity of illumination over the 
a rea derived from geometrical considerations. 
There is generally a maximum intensity over a 
small fraction of the area of the blur, so that the 
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photographic image is 
al ways better defined 
when the exposure is 
a minimum than when 
a prolonged exposure 
is given , which allows 
the poorly illuminated 
parts of the image 
patch to be recorded 
on the plate. These 
variations of sharpness 
with exposure are much 
more apparent with a 
badly corrected lens. 

As has been indi
cated, there is a limit 
b eyo nd whi ch th e 
diaphragm apert ur e 
cannot be diminished 
with the hope of reduc
ing aberrations. Till 
now we have con-
sidered the rays of 
light obeying the laws 
of geometrical optics, 
which is a perfectly 
legitimate convention, 
since the results agree ~ 2'50/0-5% 

F IG. 33A FIG. 33B with experiment when 
DrSTORT1 0N OVE R F IELD 

OF I r.'1AGE 

pencils of light of 
sufficient angular aper
ture are considered, 

but when the aperture is reduced to less than 
0 ' 0 4 in ., or less than about one-seventieth of the 
distance from the image, geometrical opt ics 
fails. By reason of the propagation of ligh t in 
concentric waves, t he image of a point formed 
by an optical instrument is always a patch , 
even if the instrument is perfectly stigmatic and 
aplanatic. The dis tribution of light in such an 
area is shown d iagrammatically on an enlarged 
scale in Fig . 34 for the image of a poin t on the 
optical ax is (bright disc surrounded by concen
tric rings alternat ely black and faintly bright). 
The d iameter of this diffraction disc is greater 
the narrower the pencil of light , and the photo
graphic definition would be spoilt if the limits 
menticmed above were passed. An exceedingly 

minute diaphragm would produce an image 
hardly better than t hat given by a pinhole. 

Astronomers, and especially microscopists, 
know that to get an image as sharp and detailed 
as possible it is necessary t o use lenses of large 
aperture, the limit of resolution (minimum dis
tance between two parallel lines that can be 
reproduced separately) '" 
is smaller the larger 
the aperture used. 1 

54. Distribution of 
Light in the Field. No 
obj ective can give a F IG. 34 . D I FFRACTION 

uniformly bright image hlAGE 

of a uniformly illu-
minated surface, even if this is of small exten t. 

This can be explained by comparing the effects 
of a beam directed along the axis with one in an 
oblique direction, forming the images P and pi 
respectively (Fig. 35). Viewed from the point 
P the lens has the appearance of a uniformly 
illuminated circle, whilst viewed from P' t he 
appearance is an ellipse, the area of which is 
smaller than that of the circle by an amount 

P\ 
\ pi 

FIG. 35. :MARG INAL I NTENSITY OF IM AGE 

\ , , 
P 

which increases with the obliquity. Further
more, P' is further from 0 than P, and, as is 
well-known, the illumination diminishes when 
the source of light is farth er away. F inally, the 
oblique beam illuminates the screen or sensitive 

1 T he sm allest angle subtended by two points tha t 
can be separated by a photograph ic lens is given by 
aJ../D . where a is a coefficient the value of which is 
nearly I , A is the wave-length of light used, and D 
the diameter of t he effective aperture of the lens (P. 
Nutting, I gog). 

The earlier ex periments of Foucault and D awes 
showed that at the centre of the field , the limit of resolu
tion of a perfectly corrected lens, in seconds, is equal 
to the quotient of 13 (the mean of the values 14 and 1 2 

given by these authors) by the d iameter of th e aperture 
in centimetres; in practice, the limit is , in favourable 
circumstances . slightly less than the calculated value. 
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surface in the plane PP', perpendicular to the 
op tical axis, less than it would a screen placed 
at pp, perpendicular to its mean direction. 

Combining the effects of these different causes 
it is possible to calculate the maximum illumina
tion at differen t angles .1 The numerical values 
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F IG. 36. I NTEN S ITY OF I l\'IAGE OVER FIELD 

OF DEFI N IT ION 

A = Illumination of image (100 at centre) 
B = Angle of incidence of principal ray 

given below and plotted graphically (Fig . 36) are 
percentages of that at the centre." 
Angle . . 0° 100 20° 30° 40° 50° 60° 700 

l1Iumination . 1 00 9 4>[ 78 '0 56'2 34'4 17' I 6'2 1'4 

The latitude is fortunately so large that a 
variation of about 20 per cent (which allows of 
an angle of 18° in the extreme pencils, or a field 
of 36°) is negligible, and even a variation of 
40 per cent (field of 56°) is not very harmful, 
but fo r wider angles the effects of this variation 
become excessive. 3 

The construction of the lens almost always 
produces a sti ll more rapid falling-off in illum-

1 If we suppose that the law of inverse squares applies 
to this case , the illumination would be proportional 
to cos 4W , where w is the angle the secondary axis 
makes with the optical axis. As a matter of fact the 
variation is not so great, bu t is certainly more rapid 
than w ould be expressed by cos 3W . The numerical 
values given below and used for Fig . 36 are calcu lated 
for cos 4W. 

2 It is by no means uncom mon for the illum ination 
a ctuall y measured t o be only 70 per cent of t hat calcu 
lated at 20° from th e axis and only 50 per cent o f that 
at 25' , thi s being due t o th e partial st opping of the 
oblique rays by the lens m ount . 

3 Amongst the devices used for compensating for 
this var iatio n, even approximately, may be men
tio ned: ([) a n opaque s top or a truncated con e placed 
at some distance in fro nt of the lens to cut off some of 

3- (T.S630) 

ination at the edges of the field than is accounted 
for above, because the oblique pencils are partly 
intercepted by the mount. To explain this 
without excessive complication let us see what 
would happen in the case of a lens mount 
without glasses. For a certain aperture of the 
diaphragm DD (Fig . 37) all those light-beams 
more oblique than AA would be partially inter
cepted by the lens cell and the tube. If the 
diaphragm is replaced by a smaller one D 'D' 
the limi t of obliquity for which there is no cutting 
off is increased, since in these ci rcumstances the 
beam BB passes freely. 

From this it is seen that reducing the aperture 
of the stop reduces the inequality in the bright
ness of the field, but without entirely correc ting 
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FIG . 37. CUT-OFF OF MARGI NAL RAYS 

it, since the causes previously mentioned st ill 
operate. 

A beam of obliquity equal to CC is completely 
stopped, and this denotes the limit of the fi eld 
illuminated by the lens. These phenomena can 
easily be verified by moving the eye in the plane 
of a sharp image formed by a lens. It is then 

L. 
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F IG . 38. LENS APERTURE FO R OBLIQUE PENCILS 

seen that the aperture of the stop DD is more 
and more covered by the lens rims LL and L 'L ' , 
as the eye moves away from the optical axis 
(Fig. 38). 

t he cen t ra l rays; (2) a star-shap ed diaphragm placed 
in front o f t he lens a nd rota t ed by b lowing, during 
exposure; (3) a graduated neutral filter placed in front 
of t he photographic plate : this may consist of a nega
tive o f a uniformly illuminated surface taken with the 
sa me lens, or a plano-convex lens of neutral glass 
ce mented to a plano-concave lens of clear glass to form 
a plane-parallel pla te. 
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55. Field Illuminated; Field Covered. We 
have just seen that the image plane receives no 
light at an angle greater than a certain value. 
R otation of the secondary axis corresponding to 
this angle round the optical axis generates a 
cone of which the vertex angle (twice this 
limiting inclination to the axis) is the angle of 
the field illuminated. This cone cuts the image 
plane in a circle. 

The image, which is sharp at the centre of the 
circle, becomes as a rule useless at the edge as 
much from want of sharpness as from insufficient 
illumination . If we agree to a certain tolerance 
in regard to definit ion (e.g. suppose we agree t o 
accept for the image of a point of light a disc 
I /250 in. in diameter), then at a certain aperture 

amounts to saying that all plate sizes of which 
the diagonal is less than this diameter will be 
sharply covered in the specified circumstances. 

56. Loss of Light in Passing through a Lens. 
A beam of light passing through transparent 
matter undergoes loss, partly by absorption and 
partly by refiection at the entrance and emerg
ence surfaces . 

Loss by absorption within the glass of a 
modern lens is generally very small, often 
negligible, for visible rays. The mean values 
of transmission (not reckoning loss by reflection, 
to be examined later) are indicated below for 
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of the diaphragm the images of distant objects 
will be useful within a circle, concentric with 
the circle of illumination, which is the circle of 
good definition under the given conditions. The 
vertex angle of the cone formed by the secondary 
rays passing through this circle is the angle of 
field covered sharply . If the plane of the focussed 
image moves away from the lens (as when the 
obj ect approaches it) the angle of field sharply 
covered remains the same, but the circle of good 
definition, being the in tersection of t he cone with 
a plane farther from the vertex, increases . 

The employment of a small st op to improve 
the definition of the oblique images and to 
eq ualize the illumination over the field often 
has the effect of increasing the field of view as 
well , but this must not be t aken as a general 
rule. Lens catalogues indicate (or should) the 
angle of field covered sharply for each lens at 
different aper tures, or the diameters of the 
circles covered, for an object at infinity . Any 
rectangular shape that can be inscribed in that 
circle will then receive a sharp image. This 

FIG. 39. I MAGES BY INTER:-l' AL 

REFLECTION 

different total thickness of glass, expressed in 
centimetres-
Thickness in em. . 1 2 3 4 5 6 
T ransmission % . 97 '6 95"3 93 9°'7 88'5 86'4 

This loss is much great er for ultra-violet 
radiation, which is, however, useless and indeed 
often harmful in current photographic practice. 
The loss of light by absorption may be consider
able in old lenses, certain glasses of which have 
a pronounced yellow colouration . 

Loss by reflection at the surfaces of the lens 
is generally more considerable than loss by 
absorption. In objectives containing one or 
more cemented lenses the loss is negligible at 
the cemented surfaces (about I per cent); we 
need therefore to consider only losses at glass-air 
surfaces. The mean values of transmission (not 
reckoning loss b y absorption, examined above) 
are given below for one, two, three, or four 
lenses in air, supposing that the polish is perfect. 

Number of glass·a ir surfaces . 
Transmission % . 

. 2 4 6 
. 89'7 80'4 72' 1 

To obtain the total t ransmission approxi
mately , reckoning both causes of loss, it would 
be sufficient to multiply one factor by the other, 
e.g. a lens containing six glass-air surfaces in 
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which the total of the thicknesses of the com
ponents is 3 em. transmits probably 

72'1 X 0'93 = 67 per cent. 

57. Effect of Internal Reflection. The light 
reflected at each free surface is, unfortunately, 
not lost; a part of the beam which has suffered 
several internal reflections is sent back t o the 
object, but another part passes on to the plate. 
In Fig. 39 it is seen that the beam which forms 
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FIG. 40. FAL S E I MAGES 

(R. Schiittauf) 

--. -

the image P also gives an image P, on the side 
of the obj ect , after one internal reflection, and 
an image P 2 on the side of the image P after 
two internal reflections . If the incident beam 
is sufficiently intense, and if the exposure is 
sufficiently long, these images will be registered 
on the photographic plate as circular or elliptical 
areas of relatively large dimensions. The num
ber of parasite (ghost) images reflected to the 
plate will be greater the greater the number of 
glass-air surfaces. The intensity of the images 
diminishes according as the number of reflections 
the beam has undergone is greater. 

Number of glass-air surfaces . 
Number of ghost images . . 

• 2 
. , 4 

6 

These ghost images appear frequently in 
photographs taken at night which have had a 
long exposure and where the view contains light
sources of great intensity towards the edge of 
the field . Owing to the symmetry of the lens 
round its axis, the secondary axis of the different 
beams arising from the same original beam are 
contained in a meridian plane. The centres of 
the areas corresponding with a single point 
source are thus all situated on the straight line 
which joins the image of the point and the point 
where the optical axis cuts the sensitive surface . 
Fig. 40 (from I~. Sch cttauf) shows the limits of 
the six ghost images given by a rectilinear lens 

(symmetrical lens of two groups each consisting 
of two cemented lenses, so that there are in all 
four glass-air surfaces) where the object is a 
bright point on a black background. 1 

In some of the old lenses one of the internally 
reflected beams gave almost a sharp image of 
the stop in th e image plane, somewhat enlarged, 
centred on the optical axis, and superposing a 
brigh t patch (called the central flare spot) on 
the image. 

In regular photographic work these ghost 
images are not seen individually, but the light 
directed towards the plate after internal reflec
tion forms a slight fog over the whole image , 
reducing contrast. Fig. 41 (from measurements 
made by E. Goldberg) shows the effect of these 
internal reflections for an objective con taining 
four independent lenses (eight glass-air surfaces) 
photographing a landscape of which HH is the 
horizon. Successive reflections of the light from 
the sky produce on that part of the plate on 
which the landscape is recorded an amount of 
ligh t which decreases as the distance from the 
horizon line becomes greater. The circles in 
dotted lines correspond with different obliquities 
of the beam; the curves in full line join points 
of the image in which the parasite light has an 
intensity equal to 6 per cent, 5 per cent, ... 
2 per cent of tha t in the image of the sky. The 
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intensity of this parasitical light is reduced 
appreciably when the lens is stopped down. 2 

1 To observe t h is phenOlnenon easily, s tick a small 
piece of opaque card on the back surface of the focussing 
screen midway between the centre and a corner, and 
direct t he camera t owards the sun, so tha t the direct 
image of the sun is masked by the card. On the focuss
ing screen a number of bright circles will be seen, which 
would not have been the case if the ilnage of the su n, 
incomparably brighter, had remained visible in the 
field. 

2 The curves in Fig. 41 give results obtained with a 
lens at F !6·g (§ 71). 
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The same author has been able to establish 
the fact that from these reflections and from 
the diffusion that is unavoidable at surfaces, 
even if perfectly polished and kept perfectly 
clean, the extreme contrast in the image yielded 
by a lens is always less than in the subj ect itself 
examined from the same viewpoint. A subject 
having a range of contrasts infinitely great is 
reduced to a contrast about zoo : I with a 
single lens and to about 60 : I with an anastig
mat giving a sharp image over a relatively large 
field. 

These measurements confirm the experience 
of the old photographers, who used for landscape 
work a single obj ec tive consisting of a number of 

F I G. 42. SMALL CUBE AS F I G. 43. DUPLEX 
SEEN BY A LARGE LEN S D I APHRAGM 

lenses cemented t ogether, considering that this 
type gave more brilliant images. 1 

58. Stereoscopic Effects. A lens of very large 
diameter, such as some at one time used as 
portrait lenses, gives an image of a near obj ect 
in which appear certain parts of the subj ect 
which an eye (placed as close as possible t o the 
lens) would see only if moved from right to left 
(Brewster, 1860) and up and down. The image 
of a small cube isolated in space , e.g. a die 
suspended by a thread in the optical axis of 
such a lens, would show five faces (Fig. 4Z). 
presenting thus the appearance of a truncated 
py ramid seen from the direction of the small end. 

It has long been recognized that it is possible 
to obtain with such a lens, fixed with respect 
to the object photographed, two stereoscopic 
images by using an eccentric stop, rotated 
through 1800 between the exposures, the aper
ture being It in. in a horizontal direction from 
the centre, so that two successive positions of 
the aperture are at a distance apart equal to the 

1 E. Goldberg defines brillia"ce of an objective by t he 
logarithm o f the ratio Io /IR where 10 = t he illumina
tion of th e image of a uniformly illuminated hemisphere 
cen tred at the optical centre of the lens, a nd I R = the 
ill umination of a point of the image of an absol utely 
black object (§ I S) p laced a t the in tersection of the 
hemisphere and the optical axis . 

mean separation of the eyes. The diaphragm 
merely extracts from the complete image certain 
details by isolating certain light-rays. 

It has also been proposed (Lehmann , 1878; 
Boissonas, 1900, etc.) to use with large lenses a 
diaphragm with two apertures (Fig. 43) to 
obtain a single image in which the doubl ing of 
certain outlines would suggest some idea of relief. 

The painter or draughtsman, observing his 
model wi th two eyes, synthesizes the two views. 
It thus seems logical for the portrai t photo
grapher to use a lens of which the useful diameter 
is at least equal to, preferably greater than, the 
mean separat ion of the eyes (G. Cromer, I9zI), 
without, however, falling into an exaggeration 
which, viewed at a short distance, would spoil 
the image. A lens of small diameter gives a 
view as seen by a one-eyed person. 

In scientific photography, in wh ich a mathe
matically correct perspective is required, the 
use of lenses of large diameter should, on the 
contrary, be avoided. 

59. Defects of Workmanship and of Material. 
Photographic lenses made by opticians of repute 
are always carefully examined before leaving the 
workshops, and run hardly any risk of showing 
any faulty material or bad workmansh ip, but 
t hese faults are sometimes met with in lenses 
which carry no maker 's name or bear a more or 
less fan cy name. 

Defects of material comprise non-homogeneity 
of the glass and imperfect annealing. 

Want of homogeneity is not usually evident 
except in lenses of large diameter; it can be 
recognized by forming on a ground glass screen 
the image of a point source of light (e.g. the 
image of the sun in a well-polished metal ball 
or small silvered bulb) close to the ax is of 
the lens. If now the screen is moved ou t of 
focus until a circle of light of about t in. diameter 
is obtained, any defect will be visible as stria; 
or dark zones. 

Bad annealing, which gives rise to double 
refraction of the rays of light (leading to a 
doubling of the image) can only be seen by 
examination in polarized light in an optical 
laboratory provided with the proper equipment. 

Excessive pressure on the glass in its mount 
may also lead to double refraction. 1 

Beginners have a t endency to consider the 
bubbles seen in every anastigr.1at as a defect. 

1 It wou ld be very desirab le if the precau tion, taken 
by some opticians, of engraving on the lens mo unt 
marks to ind icate when the different parts arc correctly 
screwed together, were more general. 



GENERAL PROPERTIES OF OPTICAL SYSTEMS 37 

These bubbles, enclosed in the glass in the 
course of the second melting (after the first 
melting has been broken up and faulty pieces 
rejected) cannot be removed except by com
pletely liquefying the glass, which would have 
the effect of separating the constituents in the 
order of their density and thus cause a defect 
much more serious than the bubbles, of which 
the sale effect is to diffuse about one-thousandth 
part of the light an absolutely negligible 
amount. 

The form of faulty workmanship most fre
quently met with in lenses of poor quality is 
bad centring (§ 40) . This can easily be tested by 
looking at the images of a point or small source 
of light reflected at the various air-glass surfaces. 
These ought to lie exactly on a straight line. 

Another defect which is likely to arise when 
the lens has been remounted in a different 
mount from that suppJied by the maker is 
incorrect separation of the different components, 
or incorrect placing of the diaphragm , an error 
of less than 0'004 in . having a fatal effect on the 
sharpness of the image, especially in lenses of 
short focal length. As a general rule, any modi
fication of the mount (particularly those with a 
between-lens shutter) should be made, wherever 
possible, by the lens maker, who, more than any
one, is interested for the sake of the reputation 
of his name or t rade-mark in preserving the 
original perfection of the instrument . If it is 
impossible t o do this, it would be as well to make 
a thorough test of the lens before and after any 
modification (§ II6). 



CHAPTER VIII 

FOCAL LENGTH OF LENSES; SCALE OF IMAGE; CON J UGATE POI NTS 

60. Conjugate Points. Wh en a point R' is the 
image of a point R (Fig. 44) formed by an optical 
sys tem, the point R is also the image of R' 
(principle of reversibility of light rays 1) ; the 
points of such a pair are t wo conjugate points of 
the optical system considered . Various formulae 
and simple graph ical const ructions enable us, 
when the focal length of a lens and the positions 
of the nodal points or foci (§§ 44 and 45) are 
known, to determine the position of the image 
of a point the position of which is known. 

In order t o avoid the complication of curva
ture of the field, we shall consider, in what 
follows, only points on the optical axis, the 
images of which are therefore also on the optical 

• 

aXIs. 
The power of a lens (convergent power or con

vergence) is the reciprocal rlF of the focal length ; 
when the focal length is measured in metres the 
power of the system is expressed in diopters. 
Thus, for example, a lens of 0 '20 m. (8 in.) focal 
length has a power of r /o'20 , or 5 diopters. 2 

The effect of an optical system is to add its con
vergence (or subtract, in the case of a divergen t 
system, i.e. of negative vergence) to that of the 

1 The principle of reversibility is freq ucntly Inisin
tcrpreted . For instance, if a number of p oints at 
different d istances from the lens have been photo
graphed on a flat p late it cannot be expected that by 
a reversa l process the images of t he phot ographed 
p oints will coincide with the system of points photo
graphed. Again, an image defaced by aberrations 
(distortion excepted) will not, by a system of reversal, 
form a sharp image. Even a sharp phot ograph cannot, 
by reversal, yield an image as sharp a s the o riginal, 
since the aberrations in each process add up. 

2 The following table gives the focal lengths of lenses 
of various powers a s expressed in d iopters-· 

Focal Power 
Focal Length 

Foca l Power 
Foca l Length 

Diopters • Dio plcrs I In . I ems. In. ems. , 
• 

' 25 157- '18 400 4 ' .') 8-74 2 2' .2 

' 5 78'7-+ 200 5 7·87 20 
'75 5 2 ' 41) T 33 '3 5'5 7 '15 18· IS 

I 30'37 w o h 6'56 16·6 
1 ' 2 5 3 t '49 80 7 y62 q'28 
l ' 5 26-24 66' 6 8 4 '92 12'5 
r'iS 22'49 57"q 9 4 "37 I I" I 

2 19"68 50 10 3'93 10 

2 "" • -, 17"49 14"4- 11 3·57 9"09 
2"5 15"74 40 12 3"28 8 '3 
2 "75 14 '31 36"36 13 3"02 7"69 
3 13' 12 33"3 '4 2"81 7"14-
3'S II "24 28"57 15 2 "62 6'6 
4 9"84 25 20 1"96 5 

. 

light beams passing th rough it. Now a point at 
a distance P from the nodal point of incidence 
sends to the system a divergent beam of which 
t he negative vergence is riP (this is also some
t imes known as the proximity, (optical) of the 
point considered), which can also be expressed in 
diopters. If the convergence (positive vergence) 
IIF of the system is greater than the negative 
vergence of the beam riP, the emergent beam 
will have a convergence (11F - riP) diopters. The 
proximity riP' of the image (P' being measured 
from the nodal point of emergence) is then 
given by 

riP' = IIF - l iP or riP + l iP' = rlF 
which translates literally the mechanism of the 
alteration of the waves of light made by the 
optical system in question 

If, instead of considering, as above, the ultra
nodal distances (reckoned from the nodal points), 
we consider the ultra-focal distances d and d' 
(reckoned from the foci), we shall obt ain the 
law of conjugate points in the form given by 
Newton, which is often very advantageous, 

d X d' = F2 
or, in ordinary language, the product of the 
ultra-focal distances of a point and of its image is 
equal to the product of the focal length by itselfl 

61. Among the different methods of graphic
ally representing the law of conjugate points, the 
following (Lissajous, 18 70) enables us to account 
for all the practical consequences of this rela
ti onship at fi rst sigh t. Construct a square (Fig . 
45) NFMF' , of which the sides are equa l to 
the focal length of the lens considered, and 
p roduce the sides NF and NF' to X and Y 
respectively. From the origin N mark off N R 
on NX equal to the ultra-nodal distance (P) of 
the point obj ect (FR is thus the ext ra focal 
distance d), join RM and produce it to meet NY 
in R'. The length NR' is equal to the ul tra
nodal distance P' of the point-image and F'R' 
is the ultra-focal distance d'. If now RR' is 
rotated about M, its intersections (produced if 
necessary) with NX, NY correspond t o two 

1 To obtain the second of these expressions from the 
first it is only necessary to replace p and P' by (d + F) 
a nd (d' + F ) respectively, get rid of the d enominators 
in the fractions, and eliminate identical terms appearing 
o n both sides of the equation" 
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conjugate points.1 It is seen that as R moves 
away from the lens, R ' moves nearer t o it, and 
vice versa. When R m oves to infinity , the 
straight line MR becomes parallel to NX, and 
Fl.' coincides with F'. Inversely , if R approaches 
F, the straigh t line RM becomes parallel t o NY 
'ind consequently R ' recedes to infinity . 

already mentioned (§ 44) that the nodal points 
are conjugate. 

62. Relations between the Size of Object and 
Image. If we consider a lens without appreciable 
dist ortion or curvature of the fi eld (which would 
obviously not be the case wi th the meniscus 
represented in Fig . 46) , we know that the images 
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If the point R approaches closer to the lens 
than the focal length, e.g. t o the position marked 
T, the straight line MT no longer meets N Y, 
but its prolongation N Y', in T', corresponding 
to a virtual image (§ 43). 

A particularly interesting case is that in which 
the obj ect 5 has an ultra-nodal distance twice 
the focal length. In this case F 5 = MF, and 
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of all points on a plane perpendicul ar to the 
optical axis lie on another plane also perpen
dicular t o the optical axis. Knowing also that 
the exterior parts of a secondary axis are 
parallel straight lines (lines joining obj ect and 
image points t o the corresponding nodal points) , 
we can determine the scale of the image (relation 
between corresponding dimensions of obj ect and 

R x 
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the straight line M 5 is inclined at 45 0
, and 5' is 

such that N5' = N5 . The two points 5 and 5 ' 
at equal dist ances from their respective nodal 
points are called the symmetrical p oints of the 
lens ; t heir separation is the shortest distance 
that can exist between a point obj ect and its 
real image. Another particular case, but of no 
prac tical interest, is that where the points R 
and R' coincide with N ; this leads to the fact 

1 T h is p roper ty can b e ver ifted by consideration of 
the s imila r ity of t he triangles ivIFR, R'F'JYI or b y 
eq ua ting t he area of the tri angle R N R' to t he su m of 
the a reas of the square and the two triangles M F R 
a nd R'F'M. 

image) of an object of which the position is 
known relatively t o a lens of known focal length. 

Let us suppose that the length of the image 
of an arrow RQ (Fig. 46) of length I perpen
dicular to the axis, a t an ultra-nodal dist ance p, 
is t o be determined. J oin by a straight line the 
point Q t o the nodal point of incidence N . and 
draw through the nodal point of emergence N' 
a line parallel to QN t o meet in Q' th e straight 
line R 'Q' through R ' (the image of R ). parallel 
t o RQ. The point Q' is the image of Q. and the 
element of line R'Q' is the image of R Q. The 
length I ' of this image can be ascertained from I, 
since the triangles RQN and R 'Q'N' are similar. 
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The ratio of similitude or scale (n = l iN) of 
reproduction 1 is then equal to the ratio of the 
ultra-nodal distances of image and object 

n = l iN = I' l l = P'IP 
F rom this relation can be deduced simply 2 

P = (1 + N)F = (r + r ln)F 
P' = (1 + n)F = (r + r /N)F 

If we replace the ultra-nodal distances by 
the ultra-focal distances, we obtain the simpler 
and more easily expressed relations 

d = NF = F in d' = F IN = nF 
To obtain an image of a plane object placed 

perpendicular to the axis at a reduction of r /N, 
it should be placed at an ultra-focal distance 
equal to N t imes the focal length ; the focussed 

~ 

l 

• 

far ther from the lens than its image, l and 
magnification whenever t he obj ect is closer to 
the lens than to its image . 

When the object photographed has a certain 
depth, it is no longer possible t o speak of the 
scale of the image, since this will vary from 
point t o point. It should be mentioned here tha t 
in the most general case, where such an image 
is phot ographed on a plane perpendicular t o 
the axis, the relative dimensions of t he different 
part s of the image are inversely propor tional 
to the ultra-nodal distances of the corresponding 
point objects, and not to their ultra-focal dis
t ances, the point images being all on the same 
plane and no longer the conjugates of the poin t 
obj ects. 
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image is formed a t an ultra-focal distance I /N th 
the focal length . 

For enlargement n times, the object should 
be placed at an ultra-focal distance equal to 
I /nth the focal length, and the image will be at 
an ult ra-focal distance equal t o n t imes the focal 
length . 

For example, if it is desired to reduce a square 
of I2 in. sides to an image of 4 in. sides, with a 
lens of 8 in . focal length, N = 3. The original 
must be p laced a t 3 X 8 = 24 in. from the 
ante rior focus, and t he image will be formed on 
a pla ne at 8/3 = 2} in . from the posterior focus. 
R eversing the two positions, the image would 
be enlarged three t imes (n = 3). 

For a reproduction same size (N = n = r ) 
the p lanes of copy and image cut the axis at the 
symmetrical poin ts 3 5 and 5' . 

There is reduction whenever the object is 
1 When the scale of reproduction is less than unity, 

i.e. in the case of reduction, it is often expressed as a 
fraction I IN, N being the r eciprocal of n . 

2 By s imply replacing P by its value Np' in the 
expression l iP + l iP' = I IF, red ucing the three 
fract ions to a common denominator and s implifying 
the result. 

3 T he nodal planes, planes t hrough the nodal p oints 
perpend icular to the axis, are also object and image of 
t:he same size but without reversal of the image; this 
v roperty is w ithout practical application. 

63. Graphical Construction of the Image 
Formed by an Optical System. Knowing the 
posit ion of a point obj ect Q relatively to the 
foci F and F', and t he nodal points Nand N' of 
an optical system , the position of the image Q' 
can be determined as follows : Draw the opt ical 
axis FF' (F ig. 47), and at Nand N' draw per
pendiculars to it to indicate the nodal planes . 
From Q draw a straight line parallel t o the axis, 
meeting the nodal plane of emergence in the 
point a'; a' is the image of a, the intersection 
of the ray with the nodal plane of incidence. 
The emergent ray will then pass through the 
focus F' , since all incident rays parallel t o the 
axis, after refraction, meet the optical axis at 
the posterior focus. Draw another line QF and 
produce it to meet the nodal plane of incidence 
in b; the image of b is b' on a line through b 
parallel to the axis, which is also the emergent 

1 The scale is zero when the object is at an infinitely 
great distance (e.g. the stars). The distance between 
the images of two distant objects cannot be determined 
from considerations of scale. It is determined from 
th e angle seen to subtend the two point objects, e.g. 
the solar disc is viewed from the earth under an angle 
of 32 minutes of arc (apparent diameter) i.e. about 
I j l ooth of his d istance. The image of the sun w ill th us 
be equal t o r / rooth of the focal length of the lens used. 
The mean diameter of the lunar image is about the 
same s ize as that o f the sun . 
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Q 

ray. Q', the intersection of a'F' and bb', is the 
image required. The accuracy of the construc
ti on can be tested by seeing whether QN, Q'N' 
of the secondary axis are parallel t o one another. 

64. Image of a Plane Inclined to the Axis. 
Consider a lens of which the foci and nodal 
points are FF' and NN' respectively (Fig . 48) , 
and let R and R ' be two conj ugate points. If 
a plane perpendicular to the plane of the paper 
meet s t he optical axis obliquely at R, all the 
poin ts in this plane (at least all those not far 
from the axis) form their images on another 

~;:=-------------------2a1-t,a' 
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plane, also meeting the optical axis obliquely 
a t R' a nd perpendicular to the plane of the 
paper. This image plane is defined by the 
condition that its intersection l vI' with the 
nodal plane of emergence should be contained 
in the plane MlvI' parallel to the axis through 
M, the intersection of the object plane with t he 
nodal plane of emergence. 

It is easily seen that the image is deformed 
relatively t o the object. In particular the points 
on the line X, the intersection of the obj ect 
plane with the anterior focal plane, will be 
imaged at infinity , the secondary axes NX, 
N'X ' being parallel. In the same way infinitely 
distant points of the object plane in the direction 
NY will be imaged on the straight line Y ', the 
intersection of t he image plane with the posterior 
focal plane. On this straight line all the vanish
ing points of parallel s traight lines in the object 
plane will be imaged , while all lines meeting in 
X will be parallels in the image plane. 

This manner of distorting is made use of for 
correcting the perspective of photographs acci
dentally taken on an inclined plane (by making 
all the vanishing points of vertical lines in such 
a perspective meet in X, they will be corrected 
in the image), or for making lantern slides 
which are to be projected obliquely . We shall 
return to this subj ect in m ore detail in Chapter 
XLV. 

65. Experimental Determination of the Focal 
Length of a Lens. The method of measuring 

the focal length 1 usually described consists in 
focussing a distant object (d ist ant at least 
1,000 times the focal length to be measured) in 
the camera, then focussing an equal size image 
of an easily measurable geometrical figure (e .g. 
a circle or equilat eral triangle). The am ount 
the camera has to be extended between the 
two positions is exactly t he focal length. 2 

Unfortunately , it is not always possible t o have 
a distant view at hand, and, on the other hand , 
to get an image exactly full size often req uires 
a large number of trials when the use of a special 
camera such as a process camera is not avail
able. 3 

Instead of measuring the focal length directly, 
as above (distance of a focus from the corre
sponding symmetrical point), it is easy t o cal
culate it by focussing a t est obj ect on two 
different known scales, and measuring the dis
placement of the focussing screen between the 
two positions. 

As far as possible, the precau tions recom
mended in process work (Chapter XLV) should 
be taken to ensure parallelism between the 
obj ect plane and the focussing screen (this being 
supposed perpendicular to the axis) , and accu
rate focussing should be done in the manner 
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suggested in § 308 . Let 11 and n' be the two 
scales, which may be chosen arbitrarily but very 

1 The focal length indicated in cata logues, or en
graved on the mount of a lens, is t he mean of the prob
able focal lengths of a number of specimens, and this 
may d iffer by 2 p er cent t o 5 per cent from the true 
value. 

2 For these operations it is advantageous to reverse 
the fOCUSSing screen, as it is easier to m easure , with the 
accuracy that i desirable, the image directly on the 
ground glass side. 

3 If a distant object is avail able for fOCUSSing on , it 
would be suffic ient to obtain the second position at a 
scale of red uction n . I t is known that, in these condi
tions, the u ltra-focal distance of the image is nF, eq ual 
to the change in camera extension measured (e). The 
focal length is t hen F = eln. It would ue necessary to 
avoid using a small valu e of n , for then e wo uld be small, 
and owing to probable errors in the measurement of 
e and n , the value of F obtained would be in accurate. 
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accurately measured, and e the change in 
camera extension between the two positions. 

We know that the extra-focal distances at 
scales nand n' are Fn, Fn' respectively; their 
difference is the length e, which is known. 
Thus, 

e = 
e 

(n - n')F, whence F = , n - n 

In other words, the focal length is the differ
ence in extension measured, divided by the 
difference between the two scales of reproduc
tion I To get sufficient precision, the two scales 
chosen should be as widely different as possible. 

If, for example, the test obj ect is an equilateral 
triangle 2 of which the sides are 4.8 in . long, 
reduced in the two positions to 3.6 and 1·6 in. 
(scales of reduction 0'75 and 0'33 respectively) 
and that the increase in camera extension is 
2·8 in ., the focal length will be given by 

2.8/0'42 = 6·67 in. 

The position of the posterior focus could be 
easily found by measuring the ult ra-focal dis
tance nF from one of the positions of the image 
towards the lens. The position of the nodal 
point of emergence would be given by measuring 
a further distance F towards the lens. 

66. \~There the only camera available is 
capable of only a small range of focus (which is 
the case of a large number of hand cameras) 
the above method is not possible, and the 
following method can be used (Debenham, 1879). 
H aving focussed the image of a geometrical 
figure and determined the scale n, the total 
distance I between object and image is measured. 
This distance is the sum of the two ultra-nodal 
distances p and P' increased or diminished by 
the nodal int erval i (separation of the nodal 
points) according as the nodal points are in the 
normal position or crossed (the nodal p oints are 
said to be crossed when the nodal point of 
emergence is the nearer to the anterior focus, 
which is opposite to the case of the systems 

1 If a t the same time the displacement of the cam era 
between the two p ositions had b een measured (E), 
the following formu la would al so give the focallellgth, 
which would furnish a useful cheek-

F = E (I /n' - I /n) 

2 Care should be t aken t o verify the equality of t he 
sides in the image to be sure that there is no deforma
tion o f the im age, a nd that there is a scale o f reduct ion. 
In general these scales wil~ be expressed by less s.i rnp~e 
nu mbers than those given 1Il the example, but thIS wIll 
not affect the m ethod of calculation. 

previously considered). Replacing p and P' by 
their values in terms of nand F, we obtain, a fter 
simplification 1 

I ± i 
F - -~-=-~ 

- 2 + n + l in 

If n is very small (which will always be the 
case in small cameras) l in will be very large, 
and consequently the error arising from neglect
ing the internodal distance will be divided by 
a number generally great er th an 10 and will 
therefore nearly always be negligible, except for 
telephotos and single lenses of convertible sets. 
If, for example, a lens of 6 in. focal length has 
an internodal distance of 0'12 in. if the scale 
of reduction is 1/10, and the total separation 
between object and image is 71 '5 in., the for
mula gives a focal length of 5'9 in., which is 
sufficient approximation for all practical pur
poses. 

67. A variation of this method will avoid the 
error arising from neglecting the in ternodal 
distance, whatever its value, and at the same 
time determine it. H aving measured the total 
distances I and I' for two scales nand n' , the 
focal length F and internodal distance i are 
given by 

I - I' 
I I 

n +n n' + -n' 

respectively. 
If, for example, it has been found that 

for n = 115 I = 43.6 in. 
n' = 1/3 l' = 32'4 in. 

it follows that 
11'2 

F = 1.866 = 6'0 in. 

and i = 43.6 - 6(2 + 5 + 1/5) 
= 43.6 - 43 '2 = 0'4 in. 

68. Direct Determination of the Position of 
the Nodal Points and the Focal Length. If the 
lens is rotated about an axis perpendicular to 
the optical axis, and containing the nodal point 
of emergence, the images of very distant points 
remain fixed during the rotat ion, at least if it 

I I n fact 1 = F( I + ,,) + F( I + 1/" ) ± i 

so that F(2 + " + I /n) = I ± i . 

-' 
or 

. , ,. 
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is not large and if the angle between the second
ary axis t o the point object and the optical axis 
is never very great (Moessard, 1889) . 

To explain this, consider a lens (Fig. 49) 
which, for the sake of simplicity, we suppose to 

be reduced to the nodal planes NiNe. The image 
of an infinitely d istant obj ect in the direction 
N iM on the axis is formed at the focus F. 
After rotation about an axis perpendicular to 
the optical ax is through the nodal point of 
emergence N e' t he nodal point of incidence will 
move to N/. Th e point object being infini tely 
distant, the secondary axis N;' M' to this poin t 
is parallel t o NiM. By virtue of the defmition 
of the nodal points (§ 44) the two exterior parts 
of the secondary axis are parallel t o one another; 
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The displacements of the image noticed when 
the angle of rotation is large enable us to det er
mine the form of the focal surface point by 
point, and to study the various aberrations of 
the image . 

69. Automatic Adjustment of Object and 
Image. The rela tions between the ultra-focal 
distances of two conjugate points, or of planes 
perpendicular t o the axis passing through them, 
can be translated geometrically so that auto
matic linkages between these planes can be 
made, so dispensing with all focussing in en
larging or reproduction. The only adjustment 
to be made is that for the scale of reduction , 
obtained by the displacement of one of the 
conjugate planes, the image remaining sharp 
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FIG. 49. TH E l\10ESS ARD TOURNIQU ET • , . 
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the secondary axis thus emerges from the lens 
in the direc tion N eF. 

This property , which is made use of in the 
greater number of panoramic cameras , can also 
be utili zed t o determine the position of the 
nodal points and the focal length directly, when 
the nodal point of emergence is within the 
mount (a condit ion which excludes telephoto 
and analogous lenses) . The lens being moun ted 
so that it can be moved to and fro on a platform 
which can rotate about a vertical pivot, the 
image is form ed on a fixed screen and observed 
while the lens is moved on the platform until 
a position is found such that the images of 
distan t points remain stationary while the lens 
is rotated. The nodal point is then on the axis 
of rotation and the distance of this axis from the 
screen is the focal length required (Moessard 
Tourniquet, r893) . Turning the lens end for end , 
the other nodal poin t can be found similarly, 
and a second measurement made of the focal 
length, which gives a useful check on the first 
measurement. 

. F" .... . , 
v 

throughout. N umerous solutions of this prob
lem have been given; we shall indicate only 
some of them, selected from the most charac
terist ic. 

We shall suppose, in what follows, that the 
nodal points coincide with the optical centre. 
If this is not accurately true, it will be necessary 
to assign to one of the nodal points the position 
indicated by the centre, and move the conjugate 
point corresponding to the other nodal point 
in an appropriate direction by an amount equal 
t o the nodal intervaL 

(r ) Consider (Fig. 50) two points 0 and I, 
free to move in a slot parallel to the optical axis. 
At C, the intersection of the slot wit h t he plane 
drawn through the optical centre a t right angles 
to the optical axis, erect a perpendicular CD, 
of length equal to the focal length F. By making 
a bent lever pivoted at D , having slots of which 
the axes meet at right angles in D (J. Carpentier, 
r 898), rotate, i t is possible to constra in two studs 
P and P ' in the axial slot to move so that their 
distances d and d' from the point C will always 
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satisfy the relationship between the ultra-focal 
distances of two points, viz. 1 

dd' = F2 
It will then only be necessary to join P and 

P' to 0 and I respectively by two connecting 
rods, of length equal to F, to make certain that 
o and I are conj ugate points, and consequently 
also the two planes perpendicular to the axis 
through them. 

nifying the movements transmitted from P" to 
P by means of a pantograph CaP"a'P b'P"bC, 
the size will be considerably reduced. If the 
two coupled lozenges of the pantograph have 
sides of length I and L respectively, it will only 
be necessary t o satisfy the relationship 

I 
m2 

- n 2 = F2 L + I 

-
FIG. 50. SEL F -FOCUSS I NG LINKAGE 

(Carpentier) 

(2) Another linkage (G. K oenigs, 1900) is 
formed of an articulated lozenge P'AP"B (Fig. 
51) and two equal rods AC, CB, pivoted at their 

(3) Let (Fig. SIA) the points 0, I on the optical 
axis of the lens C be the in tersections of the 
copyholder and plateholder. From these points 

FIG. 51. SELF-FOCUSSING LINKAGE 
(Koenigs) 

joint . If we represent by m the common length 
of the four sides of the lozenge and by n that of 
the connecting rods, the lengths d = CP' and 
d' = CP" (which, by reason of symmetry, are 
obviously in a straight line) will always 2 be 
such that 

dd' = m 2 - n 2 

We then only need to give to the constant 
value of this product the square of the focal 
length in order to get the required linkage, but 
in these circumstances the jointed lozenge would 
generally be of very great dimensions; by mag-

1 I t is shown in the man uals of plane geometry that 
the prod uct of two segments determined on the hypo
tenuse of a right-angle triangle by the foot o f the 
perpendicular let fall from the apex is equa l to the 
square of the perpendicular. 

2; A circle with A as centre and radius 112 will pass 
through the points P' and FIf. N ow the product of 
the distances of any point C from the two intersections 
of the c ircle b y a chord through C, i.e. the prod uct 
CP' X CP ", is equal to the difference between the 
squares of the radiu s m and the distance n of the point 
C from the centre of the circle . 

draw towards the lens, distances equal to t he 
focal length f. The points A and B thus obtained 
must be at distances from C such that CA . CB 
= p. Using AB as a diameter draw a circle 
with a centre M and through C draw the chord 
DD' perpendicular to AB. E lementary geo
metry teaches that CA . CB = CD . CD', hence 
CD = f. The rays MA, ME, MD are evidently 

D --=:- :-;:- r---------
• 
• 

f' 
• 

. - - f'- --~ --- /'---
o A -----;o;c M B I 

D' 
FIG.5IA. PRINCIPLE OF F OCUSS I NG LINKAGE. 

equal and, conversely, by this last equation the 
respective distances of the conjugate points OC, 
IC can be definitely determined (P. R. Burchall, 
1933). Among the methods of linking based on 
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this principle may be mentioned (A. Bonneta in , 
Ig34) a system of three racks engaging in M on 
one and the same toothed wheel. 

(4) Finally , there are numerous arrangements 
based more or less directly on the hyperbolic 
cam 1 (G. Pizzighelli, I 88g) . F or instance, a 
table T on which the optical centre C is fixed 
can slide on two rails RR (Fig. 5z) perpendicular 
to the obj ect plane P. Movement of the table 
T is communicated by means of racks and 
pinions to a table T , but in a direction at right 
angles . A slot in T in the form of a rectangular 
hyperbola acts on a stud P ' which is constrained 
t o move in an axial slot in T . Any plane per
pendicular t o the optical axis and containing P' 
will be conjugate t o P. 

An obstacle to the employment of these 
devices in practice is the difficulty of obtaining 
delivery of a series of lenses of exactly equal 
focal length, so that it is impossible to make these 
apparatus in quanti ty. A number of linkage 
arrangements have been brought out in the last 
few years which have an adjustment for com
pensating for sligh t variations in the focal length. 

70. Combination of Lenses or Optical Systems. 
It sometimes happens that another system, 
convergent or divergent, has t o be added t o a 
lens, and it is desirable to be able t o determine 
the focal length of t he combination, the optical 
axes of the different components being assumed 
to coincide (cent red system). 

For thin lenses in contact the law that the 
power (§ 60) of the system is the sum of the powers 
of the components may be considered exact, it 
being understood that negative powers (corre
sponding with divergent lenses) are t o be 
sub tracted. 

Calling f and /' the focal lengths of the 
components and F that of t he resultant system, 
then 

I jF = I lf + I I/, 
In general, however , this rule is not applicable, 

and accoun t must be taken of the spacing of the 
combination , i.e. the separa tion between the 
nodal point of emergence of the first system and 
the nodal point of incidence of the second. 2 

1 The relation dd' = F 2 is the equation of a rect
an gular hyperbola w ith the asymptotes as axes. T he 
vertex is at a d istance F from the two asymptotes. 

2 The optical interval is a lso somet imes used; this 
is the separation betw een the posterior focus o f the 

Referring the reader t o a treatise on optics for 
the proof, we shall limit ourselves t o formulating 
the rule. Calling e the separation as defined 
above, the resultant focal length is given by 

I IF = Ilf + I j/, - elf/, 
The resultant focus is at a distance D from 

the posterior focus of the second sys tem , equal 
to 

/,2 
D = ---;--,-= e - (f-f') 

These rudiments will have an applicat ion t o 
the case of lenses in which focussing is effected 
by varying the separation of their components 
(§ ro8), se ts of lenses (§ IIZ) , supplementary 

R 

p 

R 

FIG. 52. CAM SELF-FOCUSS ING 

(Pizzighclli) 

lenses (convergent or divergent!) and teleph oto 
lenses (§ 109) . 
first system and the anterior foc us of t he second . T he 
optical interval <5 is connected with t he sepa ration e by 
the equation 

o =e-(j - f') 
Using t h is relationsh ip, th e r esultan t focal length is 

F =ff'/o 
It may be added that t he resu lting system is afoeal 

(i.e. t he focal length is i nfinite) if t he optica l interval 
is zero (normal adjustment of astronomical te lescopes). 

1 T o determine the focal length of a divergent lens 
the procedure is the same as for a convergent lens b ut 
a virtual object must be used, w h ich can be the image 
of an object formed b y a convergen t system of relatively 
great focal length, t he divergen t lens being p laced 
between the convergent syst em and the real image. 

For an approximate value of the focal length, t he 
lens may b e d irected t owards the s un, a nd the d istance 
from the lens t o a screen measured w hen the d iameter 
of the circl e of light on it is dou ble t hat of a circu la r 
apert ure placed against the lens; or a th in d ivergent 
lens may be neutralized by placing it in contact with 
a thin convergent lens of t he same focal length (the 
method used by oculists) . 



CHAPTER IX 

DIAPHRAGMS AND RELATIVE APERTURE: EFFECT ON PERSPECTIVE AND INTENSITY 

71. Relative Aperture of a Diaphragm. The 
diameter of the beam of rays incident parallel 
to the axis which, after refraction through the 
lens components in front of the diaphragm, 
completely fills the latter is called the effective 
diameter of the diaphragm. Thus, D, D' and 
D" (Fig. 53), although of different diameters, 
all have the same effec tive diameter d. 

If, without altering the position of the stop, 
the real diameter is altered, its effective aperture 
varies proportionally. The constant ratio be
tween the effective and the real aperture is 

D D' 0" 
A , 

• ~ • • · • 
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sometimes called the coefficient of the effective 
apertHre, and is eq Llal to I only if the beam of 
light reaches the stop before meeting the lens 
(the case with single lenses) . In the general 
case, in which the stop has in front of it one or 
more lenses forming a convergent system, the 
coefficient is greater than 1. As the value 
depends on the construction of a given lens, 
obviously no rule can be given, but it may be 
stated that with symmetrical anastigmats it 
generally lies between I'I and I'I5, whilst with 
anastigmats consisting of three separated lenses 
it often amounts to I·3. 

If the diameter of the effective aperture is 
I inth the focal length F, the aperture is said to 
be Fin, which is also called the relative aperture 
of the diaphragm considered. If, for example, 
the real diameter is 0·8 in. and the effective 
aperture is 0'g2 in. of a lens of 4.6 in. focal 
length, the relative aperture is F15· 

The relative aperture of the largest stop a 
lens can use is called the maximum relative 
apertttre, or, more simply, the maximum aper
ture of the lens. We shall see later (§ go) that 
the maximum relative aperture of a lens is the 
principal factor governing its speed1 

1 :Most very large aperture lenses have the advertised 
rela tive aperture only for the bundle of rays parallel t o 
the optica l axis (§ 54). 

72. Different Types of Diaphragms. In order 
to be able to get all possible apertures with a 
lens, modern objectives are usually fitted with 
an iris diaphragm (Fig. 54) having an aperture 
which can be varied by means of a rotating ring 
or external lever on the mount . 1 The thin 
blades of the iris are of ordinary steel or ebonite. 
Though ebonite has the advantage of not rust
ing like steel, in damp climates, care must be 
taken not to subj ect it to great heat. Hence an 
ebonite iris should not be used in the en larging 
or projecting lantern using a condenser, or the re 
will be danger of the blades melting or burning. 

With lenses of which the component glasses 
are too closely spaced to accommodate an iris, 
a rotating diaphragm is employed (Fig. 55). 
Here an eccentric disc has a number of different 
apertures, which, by rotation of the disc, are 
brought into position concentric with the axis 
of the lens. The size of the aperture in position 
is indicated by a number engraved on the part 
of the proj ecting disc opposite the aperture. 

In many old lenses and in modern lenses for 
process work,2 Waterhouse stops (Fig. 56) are 
inserted through a slot in the side of the lens 
tube. 

73. Pupils of an Optical System. The beams 
of light passing through an optical sys tem are 
limited by the aperture of the diaphragm. 
Now the components of the sys tem in front of 
the stop (lens L

" 
Fig. 57) form a virtual image 

(called the entrance p1<pil, P i) of the stop D. 
The entrance pupil is such that the prolongation 
of rays through Lv which afterwards are just 
bounded by the diaphragm D, reach the outline 
of the entrance pupil. The diameter of the 
entrance pupil is the effective aperture of the 
diaphragm just mentioned. 

In like manner the components behind the 
diaphragm (L2 in Fig . 57) form a virtual image 
of its aperture, called the exit pttpil Pe , the 

1 I n Fig. 54 the g uiding slot s of the movable ring 
arc shown rad ial, which is the usual form. By sloping 
them it is possible t o make the usual markings of 
apertures almost equidistant (Lan Davis, 19I1). 

2 The lnaking of negatives through screens, as used 
in preparing half· tone blocks or in l ithography, r e· 
quires stops with non-circular ?penings . (gcncral~y 
square), and capable uf being vano usly on entated In 
the lens tube. 
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outline of which is reached by the prolongations 
of those rays 'Nhich (before passing through L 2 ) 

just reached the outline of the diaphragm D (E . 
Abbe, 1890) . The two pupilsl are thus con
jugate with respect to the complete lens. 

If we suppose the diaphragm aperture gradu
ally reduced t o a small opening 0 on the axis, 
admitting but a single ray of light, this single 

to the position and dimensions of this image, 
from the positions of the nodal points and the 
foci. 

74. Photographic Perspective. The photo
graphic image is an exact perspective rendering 
of the obj ects represented, the viewpoint of 
which, relatively to the obj ects, is the centre of 
the entrance pupil; relatively t o the image, the 
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ray would be the one originally directed to the 
point I, the centre of the entrance pupil, and 
would appear t o emerge, after passing through 
the lens, from the point E, the centre of the 
exit pupil. The assembly of the different parts 
of the ray forms what is sometimes called a 
principal ray. 

In the particular case where the stop is placed 
with its centre at the optical centre of the 
instrument (which frequently happens with 
symmetrical lenses), the centres of the pupils 
coincide with the nodal points, but this coinci
dence does not occur with single lenses, conver
tible sets, nor t elephotos, and in other types of 
lenses is not always aimed at. 

Just as by consideration of nodal and focal 
points it is possible to determine the dimensions 
of the image without considering the construc
tion of the optical system forming it, so by 
consideration of the pupils it is possible to 
determine the perspective and the centre of 
proj ection of images without having to be con
cerned with the optical system. The pupils in 
fact determine which of the rays are used in the 
formation of the image, without upsetting in any 
way the conclusions that have been drawn, as 

1 The pupils mu st not be co nfused with the wind ows 
(German, Luke), cons idera tion of which is less frequent 
in treatin g of photographic lenses . The wind ows are 
the images for med by the two systems L, a nd L2 of 
the aperture l im iti ng the fi eld of view (the mount of 
the lens or the aperture of some attachment to the 
lens), and thus correspond with the field stops in 
observational instruments. 

viewpoint is usually identical with the nodal 
point of emergence. 

Consider (Fig. 58) the two conjugate planes 
QQ' of an optical system represcn ted by its 
nodal points, foci, and pupils, and let us find 
how the points Rand 5 outside the plane Q will 
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be reproduced on the plane Q', R' and 5' being 
the respective images of Rand 5 (the graphical 
construction is indicated by dotted lines) and 
being themselves outside Q'. 

The bundle of rays used in the formation of 
the image of the point R is limi ted by the cone 
with apex R and base P i (the entrance pupil), 
After passing through the lens it forms another 
cone, having the exit pupil P e as base and R' as 
apex. These two cones form circular patches 
(circles of confusion) on the focussed plane Q 
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and on its conjugate Q' , where the focussing 
screen or photographic plate is placed. The 
circles of confusion are conjugate, with their 
centres rand r' at the intersections of the 
principal ray with the respective planes, and 
the rati o of their sizes is equal t o the ratio of the 
ultra-nodal distances of Q and Q' (say n). If 
the patch at r' is sufficiently small and the 
photograph is viewed at a sufficiently large 
distance, the patch is indistinguishable from the 
geometrical point image of r (the secondary axis 
corresponding to r has been drawn in Fig. 58) . 

75 , The fact that the construction of the 
lens (except in the case of very pronounced 
distortion) and its focal length have no influence 
on the perspective of the image can be proved 
by photographing an architectural subj ect f rom 
the same viewp oint successively with a pinhole 
(§ 38) and with lenses of very different focal 
lengths. The different images thus obtained will 
be identical except for size. 

It is thus incorrect to attribute to the use of 
a short-focus lens the unpleasant, almost dis
torted, views which are easily obtained with 
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FIG . 58. PERSPECTIVE DRAWING BY A LENS 

The photographic image thus coincides with 
a photograph, made on a scale of reproduction 
n, of the perspective of the object s projected 
on the plane Q from a point coinciding with the 
centre of the entrance pupil. It is thus itself a 
perspective view if the lens is free from distor
tion and the diameter of the entrance pupil is 
a small fraction of the distance of the objects 
represen ted. so that stereoscopic effects are 
avoided (§ 58) . 

Now it is known that different perspectives 
obtained by proportional enlargement or reduc
tion have their principal distances proportional 
to their respective scales (§ 24). The principal 
distance of the perspective at Q' (the photo
graphic image) is thus the product of the distance 
of Q from the entrance pupil, multiplied by n. 
In every case where the object phot ographed is 
at a distance from the lens compared with which 
the distance of the entrance pupil from the 
nodal point of incidence is negligible, the prin
cipal distance of the photograph can be taken 
as the ultra-nodal distance, and the viewpoint 
as the nodal point of emergence (L. P. Clerc, 
192 3) . 

these lenses. These perspectives, exact but 
unpleasant, are due solely to the choice of too 
close a viewpoint. When a photographer pos
sesses only one lens, and that of short focus, he 
unfortunately tries t o get as large a picture as 
possible, and so approaches closer than he would 
if he used a long-focus lens. Unless he is 
specially trained, he does not notice, when 
examining the view, the exaggerated perspective 
arising from too close a viewpoint, the brain 
making the objects appear a t their correct 
relative size, whilst binocular vision places them 
in their correct relative positions. On the plane 
images these compensations do not exist , and 
the so-called distortion becomes actually offen
sive, especially if the image is viewed from 
a position other than the correct viewpoint 
(§§ 25 and 28) . These anomalies disappear in 
stereoscopic vision if the images are viewed 
at the principal distance . 

When it is stated that a lens of short focus 
gives "faulty perspective," which should be 
translated as "geometrically correct but un
pleasant perspective," it is understood , then, 
that the photographer has clumsily tried to 
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compensate for the smallness of the scale of his 
image by approaching t oo close to his subj ect. 

The position of the camera should be chosen 
without any consideration of scale . If, when 
the viewpoint is chosen, it is found that the 
lens is not of sufficient focal length to give 
directly as large an image as desired, the small 
image should be subsequently enlarged. 

76. Depth of Field. Knowing that th e image 
of a point () utside the plane focussed on is a 
circular patch on the image plane, the limits 
within which the objects should lie in order that 
these patches (circles of confusion) should be 
practically indistinguishable from points, can 
be determined. 1 

First of all, a standard of latitude must be 
agreed upon ; usually a maximum value is 
assigned to the diameter of the circle of con
fusion, e.g. r /250th in . (it is then said that a 
sharpness of r/250th in. is required), a blur 
which, viewed at r2 in., is indistinguishable 
from a point by a person having very good sight 
(§ 34) . This convention is purely arbitrary, and 
is too severe for ,pictures which are to be viewed 
at a greater distance, as when placed on a wall, 
and is not sufficiently severe for a small image 
which has to be subsequently enlarged by 
projection or examination under a magnifier 
(the case of stereoscopic pictures) . The image 
being normally examined from its viewpoint 
(§ 25), it is logical, at any rate in pictorial photo
graphy, to fix the diameter of the circle of 
confusion which can be tolerated as r /2,000th 
of the ultra-nodal distance of the image (J. 
Thovert, r 904). 

77. Relative Depth of Field. Let q and q' 
(Fig. 58) be the ultra-nodal distances of the object 
plane Q and its conjugate Q' on which the photo
graphic image is recorded, respectively, F/n the 
relative aperture of the lens, rand s the ultra
nodal distances of point-objects respectively in 
front of and behind the plane Q, r' and s' the 
ultra-nodal distances of their focussed images. 

The dimensions of the circles of confusion 
in the plane of the image (r) and (s) are ex
pressed by 

(r) 
Fin -

r' - q' 
r' 

(s) q'-s' 
, Fin - s ' 

In order that the blurs (r ) a nd (s) should have 
the maximun'l permissible diameter aq' (the 

1 The calculations given here , in conformity with 
trad ition, are based on geometrical optics, and should 
not , therefore (§ 38), be considered to give rigorously 
correct results. 

~'-(T.5630) 

coefficient a being, for example, r /2,000), the 
distances r' and s' must be such that 

nag' 1" - q' q' - s' 
- -F ·- r ' s' 

which may be written 

rlq' - rlr' = rls' - rig' = naiF 

and as (§ 60) 

rlq' = rlF - rig, r /r' = rlF - I /r 

rls' = rlF - rls 

it follows that 

r/r - rlq = rig - rls = naiF 

The difference between the extreme conver
gences (§6o) of R and 5 and the convergence of 
the plane Q focussed on is then represented by 
n12,000ths of the power of the lens, all measure
ments being expressed in diopters ; and the t otal 
depth of field (distances between Rand 5 
measured parallel to the opti cal axis) corre
sponds with a difference in convergence equal 
to nl r,oooths of the power. 

For a lens of 4'4 in. focal length, i.e. O'II m., 
or a power of r/o'II = 9'09 diopters, with an 
aperture of F 16, the total t olerance of conver
gence will be (9 '09 X 6) /r,000, or 0'05454 diop
tel's, which has to be divided between the near 
and far points. If the object focussed on was at 
r97 in. (5 m .) with a convergence of r/5 = 0'2 
diopters, the convergences of the two limits of 
depth offield will be 0'20 ± 0'02727, correspond
ing with object distances of r/o'22727 and 
r /o·r7273, or 4'40 and 5·80 m. (r73 and 229 in .) 
respectively . 

A table of reciprocals of numbers from r to 
r,ooo will be useful for making calculations 
rapidly and of sufficient accuracy in problems 
relating to depth of field. 

It may be said that the depth of field is that 
portion of space from which the lens aperture 
is viewed under an angle approximately con
stant within the limit ing angle of confusion 
(A. Jonon, 1925). 

It should be noted that the sharp field extends 
less in front of the plane focussed on than 
behind it (24 and 36 in. in the example above). 

Calculations of a similar degree of simplicity 
enable us to work out the aperture at which the 
lens must be used in order t o give a sharp im age 
of objects at different distances from the lens, 
and on what plane the lens ought to be focussed. 
The convergences of the extreme points at 

• 
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distances of 80 and 320 in . (2 and 8 m .) respec
tive ly , are! = 0'5 and 13 = 0'125 diopters . The 
d ifference is thus 0'375 diopters. In order tha t 
the tolerance in convergence m ay be equal to 
this , wh ich represents 375/9'09 thousandths of 
the power of t he lens (say 41 /1,000) the lens 
must be s topped down t o F /4I. In practice , 
the neares t ma rked aperture of the iris, F /45, is 
used, a nd th is will give ample guarantee of the 
sha rpness and depth required. The distance t o 
focus on will be given by the mean of the 
extreme convergences (0 '500 + 0 '125) /2 = 0'312 
corresponding with a dis tance of 1/0'312 m. 
= 3'2 m. (126 in.). 

78. Absolute Depth of Field. To conform to 
t rad ition we shall deduce the formulae for depth 
of field in t erms of an a bsolute diameterl of the 
circle of confusion e (e.g. e = I /250th in. ), and 
not, as above, a constan t fraction of the u ltra
nodal distance of the plane of the photographic 
plate. 

K eeping the same notation as in the preceding 
sec tion, and ca lling (R ) and (5) the image 
pa tches proj ec ted on the plane Q by beams 
having their apices a t Rand 5 , and bounded by 
the diaphragm, these are given (§ 58) by the 
relat ions 

R q - r 5 s - q 
-F /n - r . F /n - s 

but if the image Q' of the plane Q is reduced on 
a scale I /m, which implies that q = (m + I )F, 
the d iameters (r) and (s) of the images a re equal 
to (Rl /m and (S) /m respectively. If these are 
to be equal to the maximum diameter e, then 
(R) and (5) a re equal to m e, and r and s (the 
ultra-nodal distances of the near and far planes 
which will be rendered sha rply) will be calcu
lated from 

em q - r s-q 
F /n - r - s 

q/r = I + nme/F , q/s = 1 - nme/F 

whence, after simplification 

(m + I )P (m + I )P r - -
- F + mne s -- F - nme 

Using the sam e numerical values as in t he 
previous example, a ll distances being red uced 
to metres and taking I /250th in. (0 '01 cm.) as 
the m aximum diameter of the circle of con-

1 In sc ientific photography the limit of tolerance 
would be the limit of resolution of the sensit ive surface 
used. 

fusion, we sha ll find, for the case of an object 
a t 197 in. (5 m. ), 

5 0 0 
m + I = = 45'45 m = 44'45 II 

45'45 X II X II 5,500 
r- -

- II + (6 X 44'45 X 0'01) - 13.667 
= 402 cm. (160 in. ) 

45'45 X II X II s -
- II - (6 X 44'45 X 0'01) 
= 660 cm. (260 in .) 

giving a m ore extensive field of sharp definition 
than previously calcula ted, because the toler
ance of defini tion is much greater in this case . 

Knowing th at t he near and far planes of an 
object are at t he ultra-nodal distances r and s 
respectively, the p lane to be focussed on is 
given by 

2rs 
q = r +s 

In other words, the distance on which to f ocus 
is obtained by dividing twice the product of the 
distances of the n ear and far planes from the lens , 
by the sum of these two distances . 1 

The relative aperture to give the desired 
sharpness once the focus is fixed can be calcu
lated: we omit t he calcula tion but give the 
result-

I 2rs - F(r +s) 
--e n - P(s - r) 

Unless the near plane is exceedingly close, 
the second t erm of the numerator is negligible 
compared with the first. The practical formula 
which, m oreover , leads to a smaller aperture 
t han is necessary , and thus gives complete 
assurance that the sharpness will be sufficient, 
reduces t o-

n = 
(s - r)P 

2ers 

In other words, to obtain the denomina tor n 
of the fraction F /n, expressing the relative 
aperture, multiply t he focal leng th by itself, 
t hen by the distance between the near and far 
planes (depth of field to be photographed), a nd 
divide the product by the number obtained by 
multiplying twice t he diameter of t he permis
sible circle of confusion by the product of the 
two distances mentioned. 

1 The distance t hus calcu lated is absolutely inde
pendent of the tolerance fi x ed for the definition . The 
rigorous calculations of physical optics give the same 
result in this case as the approx imat ions of geome trical 
optics. 
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If, for example, objects a t 120 and 280 in. 
from the lens a re t o be photographed with a 
6 in. lens, the plane t o focus on is a t a distance 

2 X 120 X 280 68 . 
= 1 m. 

400 
and for a circle of confusion of 1/250th in., the 
relative aperture will be F /22. 

(280 - 120) X 6 X 6 576 576 
1 - 672 X 25 = 26.88 

2 X 250 X 120 X 280 

= 21'5 
79. If the camera carries a scale by which 

the change in camera extension can be measured, 
the above calcula tions can be avoided. 

Having focussed successively the near and 
far planes and noticed each t ime the position of 
the m ovable part on the scale, the camera IS 

se t to the mid-way position and will then be 
correct . To obtain a degree of sharpness equal to 
1/250th in., the F /No. is taken as one-eigh th the 
number of thousandths of an inch the camera 
extension has been altered (G. Cromer, 19II). 

If, for example, the movement is 0'16 in. 
(= 160/1,000ths) , the aperture will be F /20 . 

F or a sharpness of 1/125th in. or 1/500th in ., 
half or double the above number must be taken , 
i.e . F / I0 or F /40 respectively in the above case. 

80 . Factors Affecting Depth of Field. The 
depth of fi eld (distance between near and far 
planes in focus) can be expressed by one or 
other of the following formulae, accordmg as 
the permissible circle of confusion is a const ant 
fraction a of the ultra-nodal distance of the 
image, or a fixed amount e. The formulae give 
the difference (s - r) of the distances prevIOusly 
calculated-

2naq2F 2neq(q - F )P 
(1) F 2 _ n2a2q2 (2) F4 _ n2e2(q _ F )2 

in each of which the second term of the denom
inator is generally negligible unless q is very 
great so that we can replace these by the 
simp{er formul ae below, which lead to a slightly 
smaller value-

2naq2 
(IA) F 

2neq(q - F ) 
(2A) P 

In this form it is seen at once that, all condi
tions remaining the same, with the exception of 
the one factor considered 1._ 

1 The app licatlon of the laws of physicalo ptics leads 
to the resul t tha t rela tive dept h of fi eldls Ind ependen t 
of the foca l length F, and is in versely p rop ortlonal to 
t he square of the diam eter of t he effective aperture (T. 
Smith, 1928). 

(r) Depth of field is less with a lens of greater 
focal length ; it is inversely proportional to F if 
the t olerance is defined as an angular constant, 
and inversely t o the square of F (i. e. F X F ) 
when the t olerance is fixed by an absolute value . 

(2) Depth of field is propor t ional to n and is 
thus greater the smaller the stop . 

(3) Depth of field is greater for greater object 
distances, being proportional to the square of 
q (i.e . q X q). 

(4) Depth of field, based on the value of a 
or e, is greater the less exact ing the require
ments of definition are. 

81. It is interesting to know, a t least from a 
practical point of view, if, having to photograph 
an obj ect of a certain depth, from a given point 
of view, a lens of focus t o give a required scale 
of image can be used, or whether it is preferable 
to use a lens of very short focus, giving a small 
image which is afterwards enlarged. 

The method of calculation used in § 77 shows 
clearly that (neglecting loss of sharpness on 
enlargement) the small lens is decidedly more 
advantageous, for , at an eq ual relative aperture, 
it will give, after enlargement, an image having 
much greater depth of field than the image 
obtained directly on the same scale. 

We have, in fact, seen that 

r /r - r /q = r /q - l /S = naiF 

It is seen that, when photographing (the 
lenses having the same F /No.) , an obj ect from 
the same viewpoint (r and s constant), the angu
lar tolerance a varies proportionally to F instead 
of being const ant. But it would require to be 
constant t o obtain the same definition (in abso
lute value) after magnification of the small 
image (in t he ra ti o of the ultra-nodal distances 
of the image planes) to bring it t o the same 
dimensions as the large image photographed 
directly . 

Taking the same numerical data as in § 77, 
but supposing this time that the focal length is 
r 3'2 in. (0 '33 m. ), or a power of 3'03 diopters, 
we will find t he depth of fi eld for the same circle 
of confusion after equalization of the sizes of 
the two images . The distance of the plane 
focussed on being the same in the two cases, the 
sizes of the two images are proportional t o the 
respective ultra-nodal distances, and it will be 
sufficient t o give a the same value, r /z,oooth. 
The total t olerance of convergence is thus found 
to be (3'03 X 6) /1,000 = o' or 82 diopters, and 
consequently the convergences of the limits of 
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the field are (o·z ± 0,009r) diopters, correspond
ing with ultra-nodal distances of r /o.z09r 
= 4'78 m. (r88 in.) and r /o'r909 = S'z4 m. 
(z06 in.) with a total depth of field of r 8 in. 
only, instead of 48 in. in the case of the lens of 
4"4 in. focal length. 

It remains to examine whether, to obtain a 
reproduction at the same size by direct photo
graphy, supposing that aesthetic considerations 
allow an alteration of viewpoint, there is any 
advantage as regards depth of field, in using a 
lens of shorter focus, or if, on the contrary, it 
is preferable to get farther back from the view 
and use a long-focus lens. Contrary to the 
general opinion, it is still the shorter focus lens 
which possesses the greater depth of field. 1 

82. Hyperfocal Distances. Particularly inter
esting problems in the application of the depth 
of focus formulae are the det ermination of the 
distance at which the lens must be focussed in 
order that the far plane in focus may be at in
finity, and the finding of the distance of t he near 
plane in these circumstances. 

The distance of the plane focussed on which 
satisfies this condition for a lens of given focal 
length and aperture, is usually called the hyper
fo cal distance for that aperture. Let it be said at 
once that the hyperfocal distance will have 
different values according to the degree of 
unsharpness which can be tolerated. 2 

If we agree to adopt as the tolerance a con
stant fraction a of the ultra-nodal distance of 

1 F rom the formulae of § 77, rem emb ering that 
q = (m + I )F, it is possible t o deduce the expression 
for the t otal d epth of field (s - r) 

s _ r = ::.2 .:::a~F,---,( m7-+-,-;-;;':.!.)"'n,, 
1 - (m + I )' a'n' 

The scale of redu ction m b eing constant, the camera 
extensions are proportional to the focal length s, and 
in order to have the same limits for the diameter of 
the circle of confusion in the photographs t aken with 
lenses of d ifferent focal lengths, the product aF must 
be constant = k (sa y), whence a = kjF, and the above 
expression reduces to 

s _ r = ::--c2,.::.k.-!(c'm:,-+.,::'fc) cc'n=,"" 
1 - (m + I ) 'n'(kjF) ' 

The F INo. n being supposed constant, it is seen that, 
if F increases the denominator increases and (s - r) 
decreases. 

:2 In addition to these two factors (apertur e and 
tolera nce) affecting the hyperfocal distance of a given 
lens, a n additional source of uncertainty arises from 
the fact that, although the grea ter number of writers 
have adopted t he above definition, some (e.g . lVIoessard) 
have defined it as the distance of the near plane when 
the far plane is a t infi nity, i.e. half what we call the 
hyperfocal distance. 

the image (still supposing that the pupils coin
cide with the nodal points), the hyperfocal dis
tance H of a lens of focal length F and aperture 
number n, is easily calculated if we consider 
that the convergence of the far plane is zero, 
this being at infinity. Calling l the distance t o 
the near plane, the preceding formulae for the 
depth of field become 1 

r /l- r/H = r/H = naiF 

whence H = F /na and 1 = F /2na = H /z 

Let us calculate, for example, on what dis
tance a lens of 4"4 in. focal length at F/6 ought 
to be focussed in order to give sharp focus right 
up to the horizon, the image of a point being 
considered sharp when its diameter does not 
exceed I / I ,oooth of its distance from th e lens. 
All we need do is to divide the focal length 
4'4 in. by the F/N o. 6 and multiply by 1,000, 
which gives 

4"4 X 1,000 . (6 f ) 6 = 733 111. I t . 

The camera, once set for this distance. would 
give, with the same criterion of definition, a 
sharp image of all objects from 30t ft. 

It may be remarked that when the limit of 
sharpness is defined by an angular value the 
hyperfocal distance is proportional to the focal 
length and inversely proportional to the F/No . n. 
It is also greater the more severe the standard 
of good definition is. 

This is easily explained by noticing that the 
hyper focal distance thus defined is the distance 
from which the effective aperture sub tends the angle 
of tolerance. If, for example, the angle is 
r /z,oooth (circle of confusion = I /z,oooth of 
the principal distance) , the hyperfocal distance 
is z,ooo times the useful aperture of the stop. 
Similarly,if the angle were I / I,sooth or r / r ,oooth, 
the hyperfocal distance would be 1,500 or 1,000 
times the useful aperture. 

83. If we agree to adopt, as limit of definition, 
a diameter e for the circle of confusion, we calcu
late H by the condition that s is infinitely great, 
which requires the denominator of the fraction 
for s (§ 78) to be zero so 

F = nme, whence 
F 

m = -
ne 

1 T his v alue could a lso be found by finding the value 
of q which in expression (1). § 80, m akes t he denom 
inator zero, and thus gives an infinite value to the 
depth of fi eld. 
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As the plane focussed on, reduced in the ratio 
rim, is at an ultra-nodal distance (m + I )F , we 
geP H = F (Flne + I ), and for the correspond
ing length 1, by replacing m by the value above 
in the expression for r, 

1 = H/z 

Let us calculate, for example, the hyperfocal 
distance in the same case as above, but with a 
circle of confusion of I /zsoth in. 

All measuremen ts being expressed in inches 
(any other un it could be adop ted as long as it 
was used throughout the calculation) the recip
rocal of the tolerance is zso. The focal length , 
4"4 in ., is mul t iplied by zs o and divided by the 
FINo. 6, giving I ,I oo/6 = I 83 ·S. Increase this 

R p 

Q 
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by I and multiply by the focal length , and we 

If the diameter of the aperture is reduced t o 
half or one-quarter its value, the hyperIocal 
dist ance will be reduced to half or quarter the 
value calculat ed above . 

A = Far plane in focus 
B = Near plane in focus 
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get fo r the hyperfocal distance I 84'S X 4'4 0 -
= 8IZ in. = 671 ft. . 

o 
The camera being focussed on this distance, 

all poin ts a t least half this distance from the 
camera, viz., 33 ft. 9 in., will give sharp images, 
which is usually expressed by saying that the 
camera thus set gives sharp images from 
33 ft. 9 in. to infinity. 

It may be remarked tha t, when the limit of 
sharpness is thus defined as an absolu te va lue, 
the hyperfocal distance is, for equal relative 
apert ures, proportional t o the focal length 
mult iplied by itself, 2 i.e. for lenses of focal length 
half, double or triple that of the lens in the 
example, the hyperfocal distances would be 
respectively one-quarter , four times, and nine 
times, the value calculated above. 

1 We should ge t the same va lue by putting the 
deno m inato r in express ion (2), § 80, equal to zero, and 
get 

q - F = F' /ne, whence q = F ' /ne + F 

'This would o nly be exactly t rue if, instead of 
expressing the hypcrfocal d istance in the form of a n 
ultra-nodal distance, it was expressed as an ultra-focal 
d istance, H ' = F ' /ne. 

100 

B 200 
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400 

500 
Dep th of fi eld (ci rcle of confusion = 1 / 1 ,000 the camera 
extension). T he unit of length is the d iameter of the 

effective apertu re 

FIG . 60. CHART OF D E PTH OF FIELD 

(Scheffer) 

If, inst ead of fixing th e limit a t I /zs oth in., 
it was taken as I /Izsth or I /sooth in., the hyper
focal ciist ance would be ha lf or twice respectively 
the former value. 

In every case the distance of the near p~ane 
is half the hyperfocal distance. 

84. The formula for byperfocal distance can 
be obtained directly wi thout using the formulae 
for depth of field . . 
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Let P be the entrance pupil of the lens (Fig . 
59). Every parallel pencil of light (i. e. coming 
from an infinitely distan t point) will cut planes 
perpendicular t o the axis (and Q in particular) 
in a circle of the same diameter as that of the 
pupil. The beam, limited by the pupil and having 
as apex any point R half way between Q and 
the pupil, cuts Q in a circle of the same size 
(which will coincide with the former if R is 
on the principal ray of t he beam). If we focus 
the lens on Q, the condition that all point
obj ects from R t o infinity shall be sharp is that 
the images of the circles on Q reduced I /mth, 
must not exceed the limit e assigned to the 
diameter of the circle of confusion . Now, the 
diameter of the pupil is F /n ; the condition is 
therefore F /n X in. = e, and gives m = F /n X e, 
whence, the distance H of the plane reduced 
I /mth being (m + I )F, 

H = (F/ne + I )F 

85. Tables and Abaci fo r Finding Depths of 
Field and Hyperfocal Distances. To avoid cal
culations of depth of field and hyperfocal dis
tances a number of numerical tables, abaci, and 
calcula ting rules or discs have been made, the 
forms of which a re infinite . 

As examples we reproduce two a baci corre
sponding with the two methods of expressing 
tolerance in definiti on. 

In Fig. 60 (W. Scheffer, 1909) , constructed for 
a circle of confusion equal t o I / I,oooth the 
camera extension, the unit of length adopted 
is the diameter of the effec tive aper ture of the 
lens, say F /n. Thus, for a lens of 6 in. focal 
length a t F /5 the diameter is I·Z in. The lens 

being focussed at 180 in ., i.e. ISO times the 
effective diameter , the vertical line through the 
mark ISO on the horizontal line is followed till 
the curves are reached corresponding t o the 
depth of field in front (on the lower curve) and 
behind (on the upper curve) ; in this case giving 
the·divisions zo and 30, i.e. zo X I· Z = 24 in., 
and 30 X I ·Z = 36 in. Thus the dis tances of 
the near and far planes are 180 - 24 = 156 in., 
and 180 + 36 = z I6 in. 

This graph shows plainly that, wi th the con
vention adopted, the depth of field depends 
only on the diameter of the useful apcrture. It 
also shows that the depth of field in front of the 
plane focussed on is always less than the depth 
behind. 

Graphs made on the assumption of a fixed 
diameter for the circle of confusion (usually 
I /250th in .) are necessarily much more compli
cated. 

The abacus given below (L. P. Clerc, I 9z3) is 
used with the table reproduced here. 

In the upper part of the t able, follow the line 
corresponding to the degree of sharpness re
quired (from I / I Oth to I /40th mm., I /z50th to 
1/1,000 in. ) until the column giving the focal 
length is reached . F ollow this downwards until 
the horizontal line indicating the aperture is 
reached, and note the letter. 

On the abacus (Fig. 61) follow the oblique 
line (ascending from left t o righ t) designated 
by the letter obtained from the t a ble, until its 
intersection with the oblique line (descending 
from left to right) corresponding with the dis
tance on which the lens is focussed is reached . 
Where they cross, follow the horizontal and 
vertical lines which indicate on their scalcs the 

FOCAL L E NGTHS IN MI LLl l\'1 ETRES 

- ~ 1/10 mm . 45 56 67 78 90 1I 2 135 156 190 2 2 5 270 310 380 445 440 625 o ~-o • • • 
0 "0 1/20 33 40 48 55 67 80 95 1I 0 135 160 190 220 270 315 380 44 0 -- • • • ~ 0...- " 
"'- " 1/30 25 30 40 45 52 65 78 90 1I 0 130 155 180 220 260 310 360 "0 "" " • • • 

(0 - " 1/40 28 56 67 78 ,, -
" • • • 22 33 40 45 95 1 12 135 155 190 2 2 5 270 310 

-- - ----- -- ------ -- ----
F /64 - - - - - A B C D E F G Ii I ] K • • • 

F /45 - - - - A n C D E F G Ii I ] K L • • • . 
F /32 - - - A B C D E F G Ii I ] K L M • • • 

" - F / zz ·S - - A B C D E F G Ii I ] K L ~ [ -" • · • 
~ 

F / 16 A B C D E F G Ii I ] K 1. ]V[ - - - -
!l 

• • • 

F / II ·2 A B C D E F G Ii I ] K L IVI • - - -• • • 
0 F /S B c D E F G Ii I ] K L M - - - -> • • • .-

F /S-6 C D E F G H I J K L ]V[ ~ - - - - -• • • • - F /4 D E F G H I J K 1. M 0 - - - - - -
'" 

• • • 

F /2·S E F G H I J K L M - - - - - - -• • • 

F I2 F G Ii I J K L M - - - - - - - -• • • 



• 

DIAPHRAGMS AND RELATIVE APERTURE 55 

distance of near and far planes in focus, respec
tively. Values intermediate between those given 
in the ta ble or on t he abacus can be es timated 
(between the nearest values marked). 

If using, fo r example, a lens of r 35 mm . 
(5'4 in.) focal length , we wish to know the limi ts 
of t he fiel d when focussing on a plane a t 5 m . 
(r97 in. ) ta king o'r mm. (r /z50th in. ) as stan
dard of defin it ion of a poin t, the aperture being 
F / r 6, fo llow the line F (indicated on t he t able 
for these conditions) to the oblique line corre
sponding with 5 m . ; from their in tersection 
follow the ver tical and horizontal lines, esti
mating their in termediate values; the readings 

F / r6, the smaller of the two ensuring fulfilment 
of t he conditions. 

F inally , t o determine the hyperfocal distance 
with the same standard of definition (r / ro mm . 
or r /z50th in. ) for a lens of focal length r 35 mm. 
(5'4 in. ), stopped down to F /n (letter G) , follow 
the inclined line from right to left to the inter
section of the line G with the lower scale of 
distances . This inclined line meets the scale of 
distances for the focussed plane at the division r 6 
metres, wll ich is the required hyperfoca l distance. 

86. Influence of the Corrections of the Lens 
on the Depth of Field and Hyperfocal Distance. 
It cannot be too strongly emphasized th at the 

Oistance f'ocussed on 

Distance of nearest sharp plane 

FIG . 6 I. C H ART OF DEPTH OF FIELD 

(Clerc) 

a re 3'45 m . (r36 in .) on t he lower scale and 
9'z m . (363 in.) on t he vertical scale on th e right. 
The depth of field is thus 9'zO - 3'45 m . = 
5'75 m. (zz6 in. ), i.e. r'55 m . (6 r in .) in front 
and 4' zo m . (r 65 in. ) behind the plane focussed 
on. 

To know a t what distance t o focus and at 
wha t apert ure t o set the d iaphragm to ob tain 
images wi th a standard of defin ition of r / r o mm. 
(r /z50th in. ), between z'50 m. (99 in. ) and 6 m. 
(Z37 in .), look for the inte rsection of the ver t ical 
z '5 and the horizontal 6, wh ich is midway 
between 3'40 and 3.60, so that the focus should 
be set fo r 3'50 m. (r 38 in .). The point of inter
section occurs between the obli ques E and F , 
so tha t the lens of r 35 mm. (5'4 in .) focal length 
should be stopped down between F /zz '5 and 

dep th of field and hyperfocal distances, calcu
lated from the formulae given in the foregoing 
paragraphs or read on tables and abaci from 
them, useful as they are t o guide t he photo
grapher, by indicating the kind of varia tion 
wh ich will arise from an alteration in working 
conditions, have only relative accuracy. 

On the one hand we have supposed, in deduc
ing t hese formulae, that the nodal points are 
coinciden t with the cen t res of the corresponding 
pupils, which is not a lways the case (the separa
t ion may be considerable for telephoto and 
similar lenses) . On the other hand, we have 
implied t hat the lens is an ideal (never rea lized 
in practice) having a fiat field free from all 
aberrations. Finally it is supposed t hat the 
circles of confusion are uniformly illuminated, 
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while, in fact, quite a large patch may give a 
sharp image if the light is concentrated in a 
small area. 

It has emphatically been stated that depth of 
fi eld is necessarily the same for different lenses 
of the same focal length and aperture, a con
clusion to which an examinat ion of the formulae 
does, in fact, lead. These two factors are cer
tainly those of the most importance, but account 
must also be taken of the fact that, in practice, 
a lens perfectly corrected has nearly always 
much less depth of field than a lens having 
residual aberrations, chromatic (D. Brewster , 
r867), or spherical aberration, these lenses 
giving more homogeneous images better suited 
for pictorial phot ography. 1 

Finally, a lens having considerable curvature 
of field would appear to possess more depth than 
is given by the classic formulae when the near 
planes come close to the edge of the field of the 
lens. 

87. Fixed-focus Cameras. In many very cheap 
cameras for beginners, no adjustment for focus 
is provided. The camera is adjusted by the 
maker to focus on the hyperfocal distance for 
the largest aperture of the lens, the limit of 
definition being fixed at r / rzsth in. The lenses 
used on these cameras being nearly always 
simple or achromat ic, very poorly corrected, 
with maximum aperture rarely exceeding F / r6, 
the hyperfocal distance is very short, and conse
quently the minimum distance of sharp objects 
(half the hyperfocal distance) is small enough 
to allow almost all subj ects (except por traiture, 
properly so-called) to be attempted . 

1 Compare, for example, two lenses of the same focal 
length and aperture, one, A, free frorn spherical aberra
tion, the other, B, having positive spherical aberration 
at apertures greater than F / 16. T he aberration of B 
being positive, the caustics of each beam will be fanned 
between the sharpest image and the lens, approaching 
the latter as the aperture increases , and thus affecting 
o nly the lower limit to the depth of field. At F /1 6 
thc lenses give equal depth ; a t an aperture slightly 
larger the caustics due to spherical aberration make 
their appearance with B. A beanllimited by a caustic 
wo uld be restri cted more rapidly than one limited by 
a cone, so that the depth of field would diminish less 
quickly wi th the uncorrected lens . If objects situated 
in front of or behind the focussed plane are considered, 
this difference between the two lenses increases as th e 
aperture is increased. At a certain aperture the caustic, 
meeting the sensitive surface, gives practically a con
stant circle of confusion , and thus sets an almost 
invariable lower limit t o the depth of field, whilst with 
the perfect lens every increase of aperture increases the 
diameter of the circles of confusion, and thus limits the 
depth of field. A negative aberration would affect the 
posterior lim it in the same way (C. 'Welborne Piper, 
1 9 0 3). 

F or example, with a lens of z'4 in. focal length 
a t F / r6, the hyperfocal distan ce, corresponding 
to a sharpness of r / rz5th in., is (from the for
mula of § 83) 47 in. , and all objects will be sharp 
from z4 in. from the camera, which will amply 
suffice for all needs. Similarly, for a 6 in. lens 
the hyperfocal distance is z83 in., so that every
thing will be sharp from r4z in. This would 
rule out many classes of work, but the depth of 
field could be increased by stopping down still 
further. 1 

This interesting property of lenses of short 
focus and small aperture has frequently given 
rise to the unfortunate expression fix ed-focu s 
lens, which has led to much misunderstanding. 
It must therefore be insisted that this action is 
not the result of any special form of lens, but 
of the general application of the laws governing 
depth of field. 

88. Focussing Scales. Portable cameras for 
use generally in the hand are not suitable for 
focussing the image on a focussing screen, and 
are therefore provided with a scale graduated 
in object distances so that the focus can be se t 
for any distance within the limits of the scale. 

The mark on this scale corresponding with 
objects at a great distance (generally indicated 
by (f), the algebraic symbol for an infinitely 
great number) in some cases 2 indicates the focal 
plane for objects on the horizon, and, in others, 
the focus for objects at the hyperfocal distance 
of the lens at the maximum aperture (usually 
adopting r /zsoth in. as the circle of confusion) . 
It must be remembered that when the focus is 
set for infinity the nearest plane that is sharp is 
at the hyperfocal distance, while when focus is 
set for the hyperfocal distance the nearest plane 
that is sharp is at half this distance 

The distances on the scale are often chosen 
quite arbitrarily. It would be better to divide 
the hyperfocal distance (allowing r /z,oooth the 
camera extension as the circle of confusion) by 

1 Clos ing the diaphragrn on a fixed focus camera does 
not bring into fu ll use the depth of fie ld correspond ing 
with the aperture, s ince focussing which ought to be 
made for the corresponding hyperfocal distances is 
fixed for the hypedocal d istance of the maximum 
aperture. It would, however, be possible, wi thout too 
much c0111plication, to couple the diaphragm w ith the 
focussing nl0vement automatically . To do this (G. 
Cromer, 19 12) the stops are made in a sliding plate 
which increases in th ickness by the req uired difference 
in focus for each aperture . The plate, act ing as a cam, 
displaces the lens, which is pressed against it by a 

•• 

spnng. 
2 Some makers indicate the focus both for infinity 

and the hyperfocal distance, the latter heing indicated 
by a m ark of different colour or the lett er H . 
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the consecutive numbers 0 , I, 2, 3 . .. . , i.e . 
infini ty, the hyperfocal distance, half, one-third, 
one-quarter, ... the hyped ocal dist ance. Such 
a scale possesses an interesting property when 
used with the appropriate d iaphragm and when 
the tolerance of sha rpness used in it s construc
tion is accepted. When the focus is ad justed 
for one of the distances on the scale, the depth 
of field extends t o the contiguous distances. 

If, fo r example, the lens is of 5 in. focal length 
and F I8 aperture (hyperfocal distance 788 in. 

FIG . 62. DEPTH FOCUSS ING SCAL E 

(Pi pe,) 

for a circle of confusion of 1/250th in. ), and the ' 
I · k d 66' , , , , , sca e IS mar e 00, , 33 . 22, 17 ' 13 , II , 

9' 5", 8' 3" , 7' 4", 6' 7f/ , 6', 5' 6/1, 5' 1",4' 8", 
4' 4", 4', etc., when set for 13' all objects between 
II ' and I i will be sharp. 

A still better a rrangement, giving the limits 
of the field for a ll apertures, whatever the dis
tances scaled, has been suggested by C. Wel
borne Piper and used by some makers. Fig. 62 
shows its application to a stereoscopic camera 
where the two lenses are adjusted simultaneously 
by means of a connecting rod carrying the scale 
of distances and moving over a scale of apertures 
marked off on each side of t he zero indicating 
the sha rp focus. Two marks a re used for any 
aperture number, and indicate the limits of the 
field on the focussing scale. For example, in 
the position illustrat ed the lens focussed at 
4 m . (158 in. ) gives at F I I 4 a sharp image from 
2'50 m . (100 in .) to 10 m . (400 in .). If it were 
required to photograph a subject extending 
from 3 to 5 m . (II8 t o 197 in.) from the lens, 
the zero of the aperture scale will be placed 
midway between 3 and 5 on the scale of dis
tances, and the best general focus is assured. 
The 3 and 5 marks then come within the marks 
for F17, so tha t there will be su fficient depth at 
that apert ure. 

Wit h slight varia tions in construction, this 
arrangement is applicable to all focussing scales, 

particularly when they are magnified relatively 
to the actual displacement of the lens. 

89. Depth of F OCUS,l If the plane on which 
the image is formed is slightly separa ted from 
the position of the sh arp image of a point , the 
image will be a disc which can be considered as 
a geometrical point if its diameter does not 
exceed a certa in fract ion a of the ul tra-n odal 
distance of the sharp image, or does not exceed 
a constant limit e (§ 76) . 

Knowing (Fig. 63) the diameter of the aper
t ure Fin and the ultra-nodal distance q' of the 
focussed image (supposing again th a t the pup ils 
coincide with the nodal planes) it is easy to 
calcula te the distance v, the error in the position 
of the pla te which can be t olerated. Calling 
the diameter of the disc of confusion at Q2 (Q') , 
consideration of the similar triangles having 
their apices at Q' gives 

(Q') v 
--

Fin - q' 

Now, according t o the convention adopted in 
fixing the tolerance in sharpness, we h ave 

(Q') = aq' or (Q') = e 

which gives 2 

_. 

Pe 

q'2x a 
v = Fin 

- ' - ' - ' - ' - ' - < - .-

P. 

eq' 
or v = Fin 

Q, Q' 

v 

. - • _._ .- . -
s, s' 

v · 

-

;;b 
• R~R' -_ . • ~ -- - -----'----- -- -- - ... - ---

0, 

-
s, 

FIG . 63 . DEPTH L ATIT U DE I N TH E F OCA L P L ANE 
• 

The t olerance is the same in front and behind 
the focus. 

The sum of the eq ual anterior and posterior 
tolerances is known as the depth of focus and 
the space between the limits is some ti mes 
te rmed the focal volume. 

1 I n reading English books and articles, it shoul d be 
remembered that "depth of focus " usually means 
d epth of fie ld. 

2 Considerations of physical opti cs ascribe to dep t h 
of foc us a va lue proportiona l to the wave- lengt h of the 

rad iation and expressed as k}, ( 1;;")' 
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This tolerance is greater the smaller the usefu l 
aperture of the stop (other things being equal). 
When, for an equal stop , the image is fo rmed at 
a greater distance (e.g. in photographing a 
nearer object or using a longer focus lens) thp. 
tolerance in focussing is great er. 

It is necessary to add that this lat itude can 
only be made use of in photographing plane 
obj ects perpendicular t o the axis, or in the 
photography of objects of negligible depth . It 
is impassible ta make use af depth af fac~ts and 
depth af field at the same time. 

If images at R' and 5' of poin ts in front of 
and behind Q are also to be photographed at 
the same time as Q' it is seen that they will fo rm 
image patches in one of the limiting planes , of 
diameter greater than the t olerance . 

In particular it should be remembered that 
depth of focus has already been taken into 
account when a lens having curvature of field 
is used . 

90. Effect of Relative Aperture on the Bright
ness of the Image. In the photography of a 
landscape in which all the obj ects are at a very 
great distance from the lens, the brightness of 
the image at the centre of the fie ld (on the optical 
axis) is, apart from loss by absorption and reflcc
tion (§ 56), proportional to the square (product 
when multiplied by itself) of the rela tive aper
t ure F /n (§ 7I ). It is easily seen that , for equal 
losses in passing th rough t he lens, two lenses of 
the same focal length but of different effec tive 
apertures, give images the brightnesses of which 
are proportional to the area (or surface) of the 
effective aperture, which, in fact , limits the 
sect ion of the parallel beam of light from a 
distant object utilized in formin g the image, 
just as a tap restricts the amount of liq uid 
passing through . If the diameter of the effective 
aperture is doubled, tripled, quadrupled, . .. 
its area will be 4, 9, I6 ... t imes as great. 
The images being of the same size, since the 
focal length is assumed t o be the same in each 
case, the brightness will vary in the same 
ratio. 

Let us now consider two lenses of the same 
effect ive apert ure but of differen t focal lengths. 
If the focal length of one is double, triple, 
quad ruple ... that of the other, all dimensions 
in the plane of the image of distant objects will 
be doubled, tripled, quadrupled , ... and conse
quently the areas will be 4, 9. I6 times as great. 
Both will receive the same quantity of light, 
but that formed by the longer lens will be 
I /4, I /9 I / I6 .. . as bright , so that the law 

• 

formulated at t he beginning of the section is 
proved. 1 

In particular, if the stops of a lens have their 
diameters in geometrical progression wi th a 
ratio of IAI4, i. e. are proportional to the 
numbers 

I IAI4 2 2·8I8 4 5·636 8 rr'27 .. . 

the areas of the corresponding circles will be 
doubled at each step, and the illumination at 
the centre of the image will be doubled when 
any stop is replaced by the next larger. 

In the photography of near objects the effect 
is more complicated . The brightness of the 
image is proportional to the solid angle under 
which the pupil of emergence is seen from the 
point on the axis in the plane of the image. 
The expression for the brightness, and a com
parison of the brigh tnesses when the image is 
formed by lenses of different types, would 
require a knowledge of the exact position of 
the exit pupil and the rat io of its diameter t o 
that of the entrance pupil. It is none th e less 
true that if two lenses of the same focal length, 
of widely different types, give images of the 
same size of a near obj ect, the in tensities of 
illumination at the centre of the two image. 
will be in a ratio approximately that of the 
squares of the relative apertures. 

It must be recalled that the ill umination of 
the regions of the image away from the centre 
decreases very rapidly as the distance from the 
centre increases (§ 54) . 

If account is taken of the loss of light in 
passing through the lens 2 and of that due t o 

1 F or objects at considerable distances, of which the 
images a re geo metrical p oints (e.g . stars , but n ot 
planets), the brightness of the image is propor tional not 
to the square of the relative aperture but to the square 
of the effective apertu re. 

2 T he table reprod uced below (C. ",arch and E . 
Lehma nn, 1928) g ives the resu lts of direct determina
tio ns of the brightness o f th e image yielded by so me 
lenses. It may be rema rked that the loss o f light is 
less when a yellow filter is added to absorb the violet 
and blue. 

• 

Equiva len t ape rture T ransmission % 
Rela tive Rela tive • -• • • • 
a perture aper ture Ortho-pla te Ortho-pla te indicated measured Ordinary Ordinary with ycllo w with yellow pla te pia tc [lltc r fi Iter 

F /2 F/2 " F /3' [ F /2'7 46.6 60 

F /2 F /2'48 F /3 '26 - 58 · I -
F / I' 5 1'1'"75 F /2· 82 F /2' I S 3S'7 6S-2 
F /4 F /3'92 F /6 '2 F is-os 40 60'5 
1'14·5 F /4"73 F 15'94 F /5"47 63'5 75 
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the partial cutting off of the mount forming 
the entrance or exit windows, it may happen 
tha t of two lenses of nearly equal apertures, 
e.g. F16·8 and FI6·3, the wider aperture lens, 
even if slightly more rapid on the axis, has 
distinctly less rapidity at the edges of the field. 

We shall conclude, then, by saying th at the 
rapidity of a lens is chiefly determined by its 
relative aperture,' and that of two lenses of 
apertures F 17 and F 19 respectively, the first 
gives an image which at its centre (neglecting 
loss of light) is brighter than the second in the 
ratio of (F/7)2/(FI9)2 = 92/72 = 81 /49 = 1·65. 

91. Effect of the Scale of an Image on its 
Brightness. If an obj ect , illuminated equally 
in a ll cases, is phot ographed several times with 
the same lens at the same aperture but on differ
ent scales, by moving the lens closer and closer 
to the object, it will be found that the image 
falls off in intensity as the size increases. 

Practica lly it may be considered that for an 
enlargement m , the intensity of illuminat ion is 
inversely proportional to (I + m)2. 

This amounts to saying that when the image 
is formed, not in the focal plane, but at a dis
tance (m + I )F from the nodal point of emer
gence, the relative aperture of the stop F in is 
reduced2 to F ln(m + I ). 

As a particular case, if an object is photo
graphed under the same illumination from a 
great distance, so that its image can be con
sidered as lying in the focal plane, and again at 
a short distance, so that its image is the same 
size as itself, the intensity of illumination of the 
second image will be one-quarter of what it is 
in the first . 

92. Different Systems of Numbering Dia
phragms. A certain amount of confusion exists 
as to the method of expressing the rela tive 
apertures of photographic lenses from the fact 
that there are in existence several systems of 
numbering them. 

The only logical system is to indicate the 
relative aperture F in (sometimes, from want of 
space, the optician engraves only the number n). 

1 \\Then used witho ut a colour filter, single achro
matic len ses often work at a ll1.uch higher speed than 
their relative aperture would lead o ne to expect, owing 
to the very appreciable transmission of ultra-violet 
which is, on the contrary, absorbed in be tter corrected 
lenses because of the greater thickness of glass that the 
light has to pass through. 

2 A proof which is too co mplicated to be given , and, 
better still, experimental tr ial, w ill show that with 
tclcphotos and non-symmetrical lenses to which the 
above reasoning does not apply, the same relation holds. 

This system is that recognized by the Roya:! 
Photographic Society of Great Britain, by the 
Societe Fran~aise de Photographie, and by the 
International Congresses of Photography of 
1900, 1905, and 1910, in agreement with 
numerous representatives of the optical trade. 
Moreover, the recommendation has been tu 
adopt the series.-

F/I, 1'/1·4, 1'12, 1'12·8, F /4, 1'/5.6, 1'18, 1'/11·3, 
F /I6, F123, F132, F/4S, F I64 

except for the maximum aperture which, if it 
comes between two terms of the series should 
preferably be distinguished by a point (so as 
to make it clear that the usual law of doubling 
the exposure at each step is not to be applied 
to that aperture) , the relative aperture being 
also engraved on the mount and included in 
the description of the lens. 

Other systems used (if we except the arbitrary 
marking of stops by numbers I, 2, 3, . . . 
fort unately abandoned by all opticians), indi
cate each aperture by a number proportional 
t o I /n 2, and thus proportional to illumination 
of the image, or proportional to n2 , i. e. to the 
time of exposure required with the different 
stops, other conditions remaining the same. 

To the first of t hese groups belong the two 
systems of P. Rudolph, adopted on old Zeiss 
lenses ; to the second the St olze system found on 
Dallmeyer lenses (before 1902) and some German 
lenses (Busch, Goerz, etc.), the" U .S. " syst em 
(Universal System) formerly used in English
speaking countries, but no longer employed 
except on redilinears on some American 
cameras, and finally, the system proposed by 
the International Congresses of Photography 
of 1889 and r 89 I, but condemned by later 
congresses. 

The t able given on page 60 shows the 
equivalent numbers in each of these systems. 

Obviously none of these systems can be 
applied to mounts in which alternative lens 
combinations can be used (sets of lenses and 
convertible lenses) . This difficulty is generally 
met by graduating the iris according to its 
actual diameter. A table is then supplied with 
the set indicating for each possible combination 
the relative aperture or the effective diameter 
corresponding to each actual diameter of th e 
aperture. I 

1 A combination of graduations described in ] 902 

by I-Ioudry and Durand, giving the relative apertures 
of all combinations of a set by d irect read ing, m ay be 
mentioned . 
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93 . . Measurement of the Effective Aperture 
of a Diaphragm.' When light passes through 
the diaphragm before meeting any lens, the 
problem is reduced to measuring the real aper
ture of the stop. To avoid bending the leaves 
of the iris by pressing them against the jaws of 
a sliding caliper or other rigid inst rument, it is 
preferable to insert in the opening, after un
screwing t he lens, a piece of card cut in the shape 
of a V, until it fits when held in a diametral 
plane. The positions of t he iris leaves on the 
card a re marked with a fine pencil, and the 
section of the V measured across the marks, , 

In every other case, it is necessary t o deter
mine the diameter of the effective aperture for 

1 The determination of the effective aper ture ought 
always to be accompanied by a veri fi cation of the 
focal length (§ 65 seq.) . T he focal length e ngraved on 
many second rate lenses or on those bearing no maker's 
name is often considerably shorter than t,he tru e value. 
to give the appearan ce of a greater relative aperture. 

at leas t one of the apertures, so that the coeffi
cien t of effective aperture (§ 71) can be 
calculated and, consequently, the effective 
diameters of the other apertures ascertained 
from a measurement, as above, of their actual 
diameters. 

Having mounted the lens in a camera ad
justed for infinity , the focussing screen is re
placed by an opaque card pierced by a small hole 
at its centre (e.g. by means of a red-hot needle). 
A rule is placed against the lens, and the eye 
against the hole reads the effective aperture on 
the rule along a diameter of the lens, If a 
permanent record is wanted, the camera should 
be taken to the dark room and a piece of bromide 
paper inserted in the lens cap and a piece of 
magnesium ribbon burnt in front of the hole, 
On development, a black disc is obtained on the 
paper exactly equal (except for any shrinkage 
or expansion of the paper) t o the effective 
aperture of the stop used. 

Inte rnati onal 
R. Rudolph Stolze International 

Congress of Congress of (Zeiss lenses) (Goerz, U,S, Photography, Photography Busch ) 
1900, 1905, IgTO Old New 1889 

F in IOoooln' 2500 l n 2 n'/ID n ' / 16 n 2/ 100 

F /3'16 • • • , • • 1000 250 1 - 0' 1 
FI4 

, 
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CHAPTER X 

CHOICE OF A LENS: TESTING: CARE OF LENSES 

94. Preliminary Remarks. The qualities looked 
for in a lens, at least in certain types, are very 
different, according as it is required for artistic 
photography, record work, process work, en
largement, or measurement by photography. 
The const ruction of an ideally perfect lens is 
not compatible with the fixed laws of optics. 
The optician in every case makes a compromise 
between numerous irreconcilable conditions 
which the ideal lens should satisfy. By cor
recting the various aberrations as best he can, 
he can make a lens called universal, suitable for 
a lmost all work, which is therefore usually 
preferred by the amateur. But by neglecting 
a ll corrections not absolutely necessary for a 
particular kind of work, he can satisfy the 
necessary conditions more completely and thus 
produce a specialized lens which would give 
poor results if used under conditions very differ
ent hom those for which it was designed . 

In pictorial photography, a simplified image 
is required, to give "firm" drawing without 
hardness, of breadth proportional to the scale 
of the image, and to suppress all unnecessary 
detail, translating only the general form . 
" When an a rtist paints from Nature he removes 
his eyeglasses if he is short~sighted; if he h as 
good sight he half-closes his eyes, otherwise he 
would not see the tree for the leaves nor the 
forest for the trees " (c. Puyo). This simplifica
tion is best achieved by the use of lenses in
completely corrected for spherical aberration, 
or, better still, uncorrected for achromatism 
(ana chromatic lens) . The fact that a very wide 
angle of view is never used in pictorial work 
prevents the oblique aberrations (astigmat ism, 
coma, curvature of the field) from being very 
harmful, the more so as, to obtain a sufficiently 
uniform image in the different planes, small 
apertures must be used . Such lenses can, there
fore, be made very simply, even from lenses 
made for other purposes, so long as combina
tions pract ically free from distortion are em-

. ployed , in which spherical aberration is small, 
if not entirely removed. 

Combinations such as these give excellent 
results in the practice of professional por
traiture, but certain requirements, chiefly com
mercial, such as the n ecessity of being able to 
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make extremely short exposures under all 
weather conditions (for child portraiture), or 
the preference of some clients for a sharp picture 
which anyone with any artistic culture would 
condemn, compel the professional photographer 
to possess at least, as auxiliary instruments 
lenses of the ' greatest rapidity compatible 
with the great focal lengths which are necessary, 
if the photographer is not to approach too close 
to his sitter and so distort the image by exag
gerated perspective. Some of these very rapid 
objectives, giving normally a sharp image for a 
scale of reduction from 1/2 to 1/10, include 
a lens the separation of which from the other 
components can be modified by the rotation of 
a ring, thus introducing into the image certain 
aberrations to soften the contours (J. Trail! 
Taylor, 1892). 

The commercial photographer and the photo
grapher for the illustrated newspapers, who are 
often unable to ch oose the most favourable 
viewpoint (i.e. to get sufficiently far away from 
the subj ect) are generally obliged, at least fo r 
a great amount of their work, to use lenses 
having a very large fi eld (called wide angle 
lenses) , and giving thus very sharp images 
without the necessity of stopping down greatly. 
Press work, and especially sports photography. 
requires the use of a very large-aperture lens, 
which is also necessary for colour photography 
on colour screen plates. 

The process worker requires to obtain a plane 
image of a plane object, free from distortion 
within the limits of scale usually employed 
(same size or a little smaller). There is no need, 
in this case, for a large aperture, but the chrom
atic corrections need to be very good if three
colour work is to be done ; the different com
ponent pictures obtained through selective 
filters should be capable of being exactly super
posed and be of equal sharpness. 

The req uiremen ts of a lens for enlarging are 
much the same as those for process work, except 
that the correction should be made for an 
enlargement of 2 to IS times linear. 

A lens for photo-topography (photography 
applied to topographic survey work) should 
embrace a very wide angle and zive a perfect 
image of distant objects (corrections therefore 
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limited t o the focal plane) and, especially, 
absolute freedom from distortion and curvature 
of the field. F or work executed from t errestrial 
stations, a small aperture is sufficient, but for 
aerial photography, where large apertures are 
requisite, the angle of field is usually smaller, 
and the correction for achromatism may be a 
simpler matter, since a yellow filter, which is 
always necessary in this class of work, may be 
permanently incorporated with the lens. 

95. Lens Names. Before describing some 
characteristic types of lenses it may be useful to 
indicate the significance of some of the names 
by which manufacturers define cer tain qualities 
or properties of their instruments. 1 

Flint glass 

Crown glass 

Light Flints 

D ense Crowns 

FIG. 6 4. SHAD IN G REP RE S E NTI NG TH E DIFFERENT 
TYPES OF G L ASS 

From the property of giving a" stigmatic" 
(§ 48) image, we get (by the addition of prefixes 
generally derived from the Greek), the names 
aristostigmat (best stigmatic) , holostigmat (com
pletely stigmatic) , t sostigmar (uniformly stig
matic), orthostigmat (stigmatic without dist or
tion), neostigmar (a new anastigmat), p lanastig
mat (anastigmat with flat field) , velostigmat 
(rapid stigmat). Aplanatism of the image (§ 47) 
is suggested by the appellations aplanastigmat, 
aplanat, aplanatic, antiplanat. A wide angle is 
suggested by the names eurygrap he, eury nar, 
eury plan (eurus = wide) , p erigrap he, p eriplan 
(peri = around), eurygonal, hyp ergon, teragonal 
(gone = angle, hy per = excess, teras = extra
ordinary). Freedom from distortion should be 
the leading quality of rectilinear, rectigrap h , 
rectoscope (rectum = straight), orthor, orthoplastic 
orthoscopic (orthos = correct), linear, collinear 
(line for line) , hom ocentric (same centre of pro
jection), alethar (alethes = true) , verax. Flatness 
of field seems to be suggested by the names 
aristoplan, planar, and analogous names. Uni
versality of use seems claimed for the lenses 
polynar, p olyplast, p olycentric (poly = many), 

1 The fa cts of this paragrap h have b een taken from 
a n article under the signat ure " H .L. " in the B ritish 
J ournal of Photography, v ol. 64, 22nd June, 1917, p. 325 . 

pantar, pantogonal , p antoscope (pan = all). 
Lenses having an amplifier for the large scale 
photography of distant obj ects (tele = far) are 
designated under t he general classification of 
telephotos; in this category are found telecentric, 
telinear, and bis-telar (giving an image twice the 
size of that given by a normal lens with the same 
camera extension). 

Some lenses are named from the number of 
constituents (or groups of cemented lenses) : 
octanar, sextar, tetrastigmat, tessar (tessares = 
four), trianar, trioplane, trio symmetric, triotar, 
triplane (tri = three) ; others t ake their names 
from some peculiarity of construction: unofocal 
(the four component lenses have the same focal 
length), primoplane (perfect correction in the 
"primary plane ") . Some names imply the 
idea of rapidity, e.g. celor, others of luminosity, 
clarior, glaukar, leukar , lucidor, and all those 
named after a star or bright body, heliar, heli o
gonal (helios = sun), phoebus, stellor (stella 
= star), orion, syrius,fulmenar (fulmen = light
ning) ; others imply perfection, artar, or power, 
dynar. Some names are merely coined from the 
name of the manufacturer or from the initials, 
e.g. dagor (doppel anastigmat Goerz) ; others 
bear fancy names the originality of which is 
often their sole point of interest. 

No optician of repute sends out a lens without 
his name or trade-mark, which is an indispen
sable guarantee t o the buyer of a lens. 

96. Brief Description of the Principal Types 
of Lenses. In the following paragraphs are 
briefly described some types of lenses, chosen 
as those which have marked an epoch in the 
development of photographic optics, with an 
indication of their essential charac teristics. but 
without claiming t o be a complete list, on ac
count of the extremely wide variety of combina
tions in use and the continual improvements 
being made. To facilitate comparisons, all the 
sectional drawings (Figs. 65 t o 86) , reduced t o 
their essential elements, have been made on a 
uniform scale corresponding to lenses of 4 in . 
focal length. The principal types of optical glass 
are indicated by conventional shading, the key 
to which is given in Fig. 64. The stop drawn 
corresponds approximately t o the maximum 
aperture. 

97. Single Lenses. The simple non-achroma
tized lens was used in the camera obscura before 
the discovery of phot ography. To obtain a 
relatively large field, W. H. Wollaston (1812) 
recommended the use of a convergent meniscus 
lens (Fig. 65), with stop in front, having an 
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aperture of F /II, and covering a field equal to 
the focal length (angle 60°). This image, it 
must be understood, has every possible aberra
tion and chromatic aberration, and in particular 
req uires the adj ustment after focussing sug
gested in the note to § 46. In some fixed focus 
cameras (§ 87) this is made once for all by the 
maker. After being abandoned for many years, 
single lenses have come back into favour as 
the simplest form of unachromatized lens. 
Artistic photography calling for a small angle 
of field, the plano-convex form is to be preferred 
to the meniscus, the convex surface being turned 
towards the object, and behind the lens is placed 
the diaphragm having an aperture which may 
be as much as F /8. This gives a very satisfact ory 
image at the centre of the field (about IS °), with 
very little spherical aberration, suitable for a 
bust portrait. Chromatic blur may be mini
mized (after correction of focus) by using a 
filter absorbing the ultra-violet and, if need be, 
a little violet. 

The first photographs made by Daguerre were 
taken with a single lens made by Ch. L. Chevalier 

(90° at F /3Z) in his " rapid wide angle landscape 
lens. " 

98. Petzval Portrait Lens. This lens (Fig. 69), 
the first to be calculated by a mathematician, 
was only moderately successful when first 
brought out (1840) . J. Petzval 
set out, by a proper choice of 
curvatures and thicknesses, to 
correct aberrations, and particu
larly curvature of the field, with
out the necessity of using a 
small stop, so as to shorten the 
very long exposures required in 
the Daguerreotype process. But 
this aim could only be accom
plished at the expense of angle of 

I 

I 
FIG. 65 

VVOLLASTON 'S 

SINGLE 

:MEN IS CUS, 

F I I I 

field, the diamet er of useful field being only 
about one-third the focal length (angle zoo to 
zSO), with an effective aperture of F /3'4 to F /3'6, 
subsequently enlarged to F /Z'4 by H. Zincke in 
1870.1 Although this angle of field was quite 
sufficient for the bust portrait, as experience 
has since shown, the tendency of the time was 
t owards a very large angle of field, and the 

F IG. 66. CH E VALI E R' S 
SINGLE LENS 

F I '4 

FIG. 67 . GRUBB'S 
SINGL E LENS 

F I I6 

FIG. 68. DALL1IEYER'S 
S ING LE L ANDS CAPE LENS. 

F I I I 

(1830), partially corrected for achromatism (Fig. 
66) , which, with st op F / I4 (afterwards increased 
to F / IZ ), covered sufficiently well a circle of 
diameter equal to half the focal length. At a 
smaller stop, F /70, the field was half as large 

• agam. 
This form of lens was improved and brought 

to its present form of single achromatic lens 
only in 1857 by Thomas Grubb. In his lens 
(Fig. 67) it is seen that the arrangement of 
Chevalier was reversed, the convergent lens this 
time facing the object. With an aperture, 
usually F / I6, the field reached 60° with complete 
correction of achromatism and partial correction 
of spherical aberration for the central rays . By 
increasing the number of cemented lenses to 
three (Fig. 68) , J. H. Dallmeyer (1865) was able 
to extend the aperture to F /II and field t o 70° 

photographer would almost have liked the lens 
to portray objects behind it! 

In his first type Petzval had intentionally 
left in a little chromatic aberration, which subse
quent opticians adopting this t ype corrected in 
the endeavour to make the image a little more 
homogeneous. 

The Petzval portrait lens, more or less modi
fied, is still in use in a large number of portrait 
studios. Perhaps it would also be used by 
amateurs if it had not been for the tradition of 
mounting it in an extremely cumbrous mount. 
It is frequently also used for proj ection work. 2 

1 It will thus b e seen that the useful field of t he len s 
was almost equal to its diameter. 

2 Portrait objectives are still sometimes kn own by 
the diamet er of their glasses expressed in inches (viz. 
old French inch es of 27 mm. ). 
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At the t ime of the reaction against the exag
gerated correction of lenses fo r portraiture, 
lenses of the Petzval t ype were successfully used 
(de Pulligny, 1904) with the back combination 
removed and replaced by a simple convergent 
meniscus of the same diamet er but almost 
double the focal length . The whole lens can be 
used at about F15. The chromatic fringe is then 
about one-third to one-quarter that of an 
anachromatic lens of the same focal length and 
relative aperture. 

99. Rectilinear Lenses. Apart from some 
combinations abandoned as soon as tried , phot o
graphers had really only the single achromatic 
lens (more or less corrected but always possessing 

F IG . 69. PETZVAL PORTRAIT LENS, 

F/3'5 

distortion), a nd the portrait lens, the field of 
which was too limited for other uses than 
portraiture. Need was felt for lenses covering 
a field comparable with that of the single lenses 
but perfectly corrected for distortion, which 
consequently could he used for copying and 
architectural photography. This correction was 
sought for in a symmetrical arrangement of the 
components, following that already used by 
Wollaston fo r microscope objectives. In 1866 
H . A. Steinheil brought out his symmetrical 
aplanat (Fig. 70), and soon afterwards the recti
linear of Dallmeyer appeared, almost identical 
to the smallest detail. However, while this lens 
was indeed rectilinear, it was only very slightly 
aplanatic , so that it is the name given it by 
Dallmeyer that has become general for this class 
of lenses, which all opticians endeavoured more 
or less successfully to improve. In its original 
form it covered a field of 45° a t F 18, and 60° at 
F 130. Steinhei l succeeded in increasing the 
aperture to F 17 and even F 16 without much 
sacrifice of field (40°). These lenses obtained 
considerable popularity, which has never entirely 
ceased. 

Unfor tunately, manufacture of the rect ilinear 

lens has been abandoned by almost all opticians 
of repute since the appearance of the anastigmat, 
and the glass polishers who make these lenses 
nowadays are not burdened with much know
ledge of optics, i.e. these lenses still fitted to 
many cheap cameras are, for the most part, 
very inferior t o what they were former! y, in 
spite of the high-sounding names such as 
" simili-anastigmat " which are sometimes given 
to them . Their " nominal" aperture rarely 
exceeds F18, and their effective aperture F19. 

If the aperture of a rectilinear lens is increased 
beyond its normal limits, spherical aberration 
is introduced, and gives the image a softness 
comparable, to a certain degree, with that given 

1 

I 

FIG. 70. STEINHE IL 'S SYM
METRICAL APLANAT, F IB 

by the introduction of chromatic aberration, 
so that the lenses are sometimes so used for 
portraiture. No correction for focus is t hen 
necessary . 

An important advantage of the rectilinear 
lens for the possessor of a camera having suffi
cient bellows extension is the possibility of using 
the back combination alone, forming a single 
achromatic lens of double the focal length of 
the complete lens. The largest aperture, F18, 
is then actually F /16 or a Ii ttle less. The image 
is almost twice as large as that obtained with 
the complete lens, but is only one-quarter as 
bright. A little distortion may be seen at the 
edges of the field, which need not prevent its 
use as a landscape lens. The rectilinear is thus 
the cheapest and simplest convertible lens. 

100. Wide-angle Rectilinears. The somewhat 
large separation between the components of 
the rectilinear lens restricts the angle of field 
illuminated, and it is impossible, even by stop
ping down, to increase the angle to the extent 
required in many classes of work. In the 
'sixties were introduced the Globe lens of 
Harrison and Schnitzer (1863) and the Panto
scope of Busch (1866), symmetrical combinations 
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of two achromatic lenses of the form shown in 
Fig. 65, covering goO and 9S O at maximum 
apertures of F 117 and F 130, with considerably 
less curvature of the field in the latter case. 
Steinheil subsequently succeeded, by modifying 
his aplanat but keeping the same principle, in 
making his wide-angle aplanat (Fig. 71), cover
ing 105° at F ilS, showing marked superiority 
over its predecessors, particularly from the point 
of view of spherical aberration. 

Although in principle the wide-angle recti
linears made on this classic construction are 
convertible, their single components, which 
have an aperture of only F136, are too slow for 
this convertibility to be of any practical use. 

I 

I 

matter of corrections, as each of the two com
binations must be separately corrected for 
several aberrations. With the glasses available 
at this period progress was only possible by 
giving up both symmetry and the separate 
correction of the individual components, each 
component, on the contrary, being left with 
considerable aberration, which compensated that 
in the other. This fruitfu l conception was first 
applied with real success by A. Steinheil (rSSr) 
in his group antiplanat (Fig. 73), covering 62° 
a t F I6·2, the central region being remarkably 
well corrected for astigmatism. The consider
able weight of this lens was a serious drawback 
to its use on the light cameras which began to 

FIG . 7 1 . STEIN HElL'S 

WIDE ANG LE, F i l S 
FIG. 72. PUYO AND PULLI GNY'S 

SV!VIl\I ETR ICAL ANACHROMATIC 

LENS, F 16·5 

F I G. 73. STEINHE IL'S 
GROUP ANT IPLANAT. 

F 16·2 

10I. Anachromatic Symmetrical Lens, This 
lens, the use of which was recommended by Puyo 
and de Pulligny (lg03) , is based on the periscope 
of Steinheil , but, there being no need for a large 
angle of field, the aperture was increased from 
FI40 t o F I6·S. The symmetrical anachromatic 
consists of two identical convergent menisci 
placed one on either side of the stop, with their 
convex surfaces outwards and separated by at 
least one-sixth of their common focal length 
(Fig. 72). The diameter of the glasses being 
almost one-tenth their focal length, and con
siderable latitude being allowable in their separ
a tion, t hese can be substituted for the com
ponents of a Petzval t ype of lens, so that 
mountings made in bulk can be used. When 
the necessary correction is made for focus, 1 

very agreeable portraits can be made, covering 
a field of about 30° 

102. Antiplanats. A symmetrical construc
tion reduces the resources of the optician in the 

1 Instead of making the correction after focussing, 
the separation may be provisionally increased during 
focussing operations to bring the yellow focus into the 
sa me position as that occupied by the violet focus 
when the photogra.ph is ta.ken . The amount the separa
tion sh ould be increased is 8 per cent of the focal length 
of the complete lens. This necessitates the employment 
of a special mount (with grad uated d raw tube). 

5-(T.,630) 

be fashionable with the introduction of the 
gelatino-bromide plate. Hence this lens and 
several variants of it made by R. Steinheil 
merely aroused curiosity, the more so as the 
approaching appearance of the anastigmat was 
to furnish a complete and more elegant solution 
of the problem of the photographic objective. 

103. The First Anastigmats. The principles 
of the correction of astigmatism had been laid 
down in l S43 by P et zval, but none of the 
glasses available to opticians at that time allowed 
these conditions to be satisfied. The appearance 
of new glasses, heavy crowns, and light flints, 
enabled P. Rudolph, at the instigation of E. 
Abbe, to design , after less successful attempts, a 
type of unsymmetrical, '..Inconvertible doublet , 
the appearance of which (r Sgo) marks an event 
in the history of photographic optics, at least 
as important as the invention of the portrait 
lens or the aplanat. Each of the components of 
the different series of lenses made on the same 
principle (afterwards known as Protars) was 
formed of two cemented glasses, the dimensions, 
curvatures, and thicknesses varying as the 
requirements were for a lens of great rapidity 
(field of Sao at F I7·2) or one of very large field 
(n oO at F i rS). Fig. 74 shows this type of wide
angle lens, which is still made t o this day. A 
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much better correction of astigmatism was 
obtained in 1893 by adding a glass to the rear 
component (Fig. 75), this lens covering perfectly, 
without curvature of field , an angle of 57° at 
F /8 and still satisfactorily 75 ° when stopped 
down to F/zz. In 1901 H. L. Aldis showed that 
an excellent image could be obtained with a 
considerably simpler construction (Fig. 76), 
covering a field of 51° at F/6 and 90° at F /3Z. 

FIG . 74. RU DOLPH' S 

\\lIDE-ANGLE PROTAR, 

F i lS 

FIG. 75. RUDOLPH'S 

PROTAR, F I8 

get her in the components was subsequently 
increased to four, and even five. 

The single components of such a lens, when 
used behind the diaphragm, form excellent single 
anastigmats, perfectly corrected for chromatic 
and spherical aberrations, but not for coma, and 
showing, at least at the edges of the field, a 
little distortion and curvature, but very suitable 
for landscape work. The focal length is usually 

FIG. 76. ALDIS 

ANASTIGMAT, F I6 
FIG. 77. VON HOEGH'S 

DAGOR, F16·8 

SECTIONS OF THE PRINCIPAL TYPES OF PHOTOGRAPHIC LENSE S 

The dimensions correspond approximately to lenses of 4 H focal length 

104. Convertible Anastigmats of Two Com
binations of Cemented Glasses. The excellent 
results obtained by Rudolph incited a great 
number of opticians to use the new combina
tions of glasses, but they sought for a solution 
of the problem in another direction returning 
to the convertible symmetrical lens. The Gei
man factories being almost the only ones at this 
period to possess research departments, the first 

I'I G. 78. R UDOLPH'S D OUBLE 

PROTAR, F /7"7 

(1893) of the new category to appear was the 
double-anastigmat calculated by E. von Hoegh 
(Fig. 77), covering a field of 7Z o at F/8 (after
wards increased to F/7'7 and then to F/6·8), 
and almost 90° at F/zz, forming an excellent 
universal lens. A number of variants followed, 
from process lenses covering about 100° at F / u 
to the French eurygraphe lens, in which the 
aperture was enlarged to F/S with the same field 
of 90°. The number of glasses cemented to-

about 1·8 times that of the complete lens, and 
the camera extension is rather more than 
doubled. The maximum effective aperture is 
then equal to the actual diameter of the largest 
stop, and the relative aperture about 40 per cent 
(mean value) less than that of the complete lens. 

Meanwhile (1895) Rudolph, after having tried 
and rejected this arrangement, worked out a 
single anastigmat of four cemented glasses . 

FIG. 79. TAYLOR 'S 

COOKE L ENS, F 16·, 

which could be used either separately (field 
about 50° at a maximum aperture of F /IZ'S) or 
in pairs, forming either a symmetrical lens at 
F/6'3 or an unsymmetrical lens (Fig. 78), at an 
aperture from F /7 to F /7'7 (according to the 
degree of dissymmetry) covering about 45° at 
full aperture and 80° at F /zS. This arrangement 
has since been adopted by the greater number of 
opticians, some of whom have pushed the aper
ture to F /S and that of the single component s to 
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Fig. These convertible unsymmetrical anas tig
mats form the simplest "sets of lenses " or 
"casket lenses," giving the photographer a 
range of three focal lengths in steps, generally 
in the rat io of I : 1·6 : 2 (or I : 1'5 : 2 '2) , the 
focal length of the complet e lens being taken 
as 1. Care should be taken always t o place the 
single lens, when used by itself, behind the 

. diaphragm, and, when re-assembling the com
plete lens, to place the shorter focus component 
behind , the longer component being placed in 
front . 

lOS, Unconvertible Anastigmats consisting of 
Uncemented Lenses, A completely different 
conception of the anastigmat led H. D. Taylor 
(1893) to design numerous t ypes of specialized 

struction of symmetrical convertible anastig
mats, many opticians have sought to take 
advantage of the freedom given by combinations 
of separated lenses, One of the first of this 
type appears to be that calculated by von H oegh 
(I8g8). Originally the maximum aperture was 
only about F / l o for the complete system, but 
it was extended by Zschokke successively to 
FI7'6 (I g03) , and then to F I5'5 and F14'5, 
according t o the focal length (Fig. 81), the field 
being about 60° at the maximum aperture and 
65° at a very small aperture, 

The presence of eight glass-air reflecting 
surfaces has some drawbacks (§§ 56 and 57) · 
The maker of the above t ype therefore recom
mends that the lens should preferably be used 

F IG. 80. H.UDOLPH AND 

\VANDERSLEB'S TESSAR, F 13'5 
FIG. 8 1. Z SCH OKKE' S 

CELOR, F /4' S 
FIG. 82 . VON HOEG H' S 

HVPERGON, F I22 

lenses, a ll consisting of a system of three separ
ated lenses, among which the model shown in 
Fig, 79 is particularly designed for hand 
cameras, covering 70° at a maximum aperture 
of F16'5. Among other forms by the same 
designer may be noted a portra it lens at F I3'5, 
covering about 40°, a wide-angle covering 97° 
at F16'5, and a process lens at F I8 (Fin and 
F /16 for the very great focal lengths) covering 
55° at full aperture and about 80° at F 132. 

The advantages of this relatively economical 
construction, leaving the optician the greatest 
number of variable fact ors with the minimum 
number of lenses, led to the appearance of a 
number of variants, in most of which, however, 
one of the single lenses was replaced by a system 
of two cemented lenses . Such is the case , for 
example, with the lens designed by Rudolph 
and E. Wandersleb (I g02), of which there are 
several series. That shown in Fig. 80, intended 
especially for portraiture, covers a field of about 
35° at F /3 '5· Others at F I4'5 and F /6'3 cover 
respectively 55° and 65° at full aperture, and 
70° with a small stop (about F /36). 

106, Symmetrical Anastigmats of Separated 
Lenses, With a view to simplifying the con-

at fu ll aperture, "because with small stops 
harmful reflected images may sometimes be 
formed ." 

Each of the halves of such a lens can be used 
separately behind the diaphragm, when the 
maximum aperture will be F l l o t o F i ll. 

107, The Hypergon Wide-angle Lens, Al
though such a lens has only a very restricted 
use, we ought to mention , if only as a curiosity , 
the wide-angle lens (Fig. 82), calculated by von 
H oegh in I gOO to cover a flat anast igmat fi eld 
of 140°, almost four-tenths of the complete 
horizon, at an aperture of F / 22 (actually the 
full aperture is used only for focussing, and a 
smaller aperture used when the photograph is 
taken). The correction for astigmatism is only 
obtained by the use of extremely thin lenses ; 
spherical and chromatic aberrations are not 
corrected, but the relative aperture is so small, 
and thus t he depth of focus is so large, that 
these aberrations do not affect the image in 
practice , and no correction for focus is necessary . 
When the field used exceeds n oo the difference 
of illumination between t he centre and the 
edge is so great that it is necessary to use a 
star-shaped diaphragm (§ 54) to reduce the 
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illumination at the centre for a considerable 
proport ion of the exposure. 

The large angle between the extreme secon
dary axes, and the fact that the focal length is 
scarcely one-fifth the diagonal of the plate 
covered, means that the lens can only be used 
on a specially-made camera ; also it is generally 
impossible to use a shutter with it. 

lOS. Lenses of Variable Foci. To the varia ble 
power telephotos may be connected t he variable 
focus lenses used in cinematography to obtain 
a p rogressive varia tion in t he scale of a given 
scene. These lenses usually comprise t hree 
systems, moved by cams in such a manner that 
the varia tion in focal length does not affect the 
sharpness of the image of distant objects, the 
focuss ing on near obj ects being then obtained 
by means of supplementary lenses (§ u 8) . F or 

-R--• 

the separation between the lenses and correcting 
them specially fo r this purpose. Such a system, 
in fact, constitutes an obj ective the focal length 
of which can be varied a t will between very 
wide limits by altering the separation between 
the elements. Such a system has the very 
considerable advantage t hat the nodal points 
are thrown forward a great distance in front of 
the lens, so that the distance between the lens 
and the image is only a small frac tion of the 
focal length, th us rendering unnecessary the 
use of t he cumbrous cameras required for normal 
lenses of great focal length. It was only in 
1891 that this suggestion was exploited by T. R. 
Dallmeyer, followed closely by A. Miethe and 
Steinheil, and then by many other opticians. 

Consider (Fig. 83) a system formed of a con
vergent lens Ll of focallength f l and a divergent 
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FIG . 83 . OPTICS OF THE T ELEPHOTO L ENS 

instance, in the Vario lens (A. Wa rmisham, 1932) 
the focus varies from 40 mm. (aperture F /3'5) 
to 120 mm . (aperture F /6). Provided the varia
tion in focal length is rest ricted, the iris dia
phragm can be automatically regulated, so as to 
keep the rela tive aperture cons tan t and to 
keep the image at a constant luminosity . 

To facilitate focussing on small and medium 
size cameras , several opti cians ha ve made lenses 
fo rmed of two systems of which the separation 
is variable by means of a helical mount graduated 
in subj ect distances. The amount of displace
men t 0 f the fron t system can then be much 
smaller than the movement it would be neces
sary to give the lens as a whole. 

109, Variable-power Telephotos. A divergent 
lens had several times been used fo r enlarging 
the image given by an astronomical objective 
(L. P orro, 1851; Warren de la Rue, 1860), or 
by a microscope (Foucault and Donne, 1845 ; 
Borie and de Tournemine, 1869) when, in 1873, 
J. Traill Taylor pointed out the importance to 
photographers of obtaining large pictures of 
distant obj ects directly in the camera, by using 
an obj ective constructed on the principle of the 
Galilean telescope (opera glasses) but increasing 

lens L2 of focal length f 2' so placed that the 
back focus /') of the convergen t lens falls 
between it and its (vi rtual) fron t focus f 2' The 
image of a distant point in the di rection R will 
be formed, in the absence of the divergent lens, 
at a point r in the focal plane of the fron t com
ponent . This point acting as virtual obj ect to 
the divergent lens and closer to it than its focus, 
its image R' is real, and magnified in the ra tio 
F ' R' If l ' r' . 

The application of the formulae already 
quoted in § 70, bearing in mind t hat the focal 
length of the divergent lens must have the 
" minus " sign, gives for the resultant focal 
length 

calling e the separa tion of the components, 
15 the opt ical interval, the distance between the 
foci f l' f2' The formula shows that when 15 
tends t o zero the focal length becomes infinitely 
great (adjustment of the Galilean t elescope for 
normal sight). Conversely, if the lens L2 ap
proaches the focal plane of L) there can be no 
possibility of photographing the image. The 
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optical interval a can thus t ake all values 
between 0 and (f1 - i2)' the difference between 
the two focal lengths. 

If the image given by the complete system is 
magnified m times (ratio of lengths) relatively 
to that which the convergent syst em alone would 
have given, the distance E of the divergent lens 
from the magnified image is 

E = i 2(m - r) 
If, in the case of a telephoto, where il/i2 = s, 

the distances 0 and I of the obj ect and image 
respecti vel y from the telephoto and the distances 
o and i for an ordinary lens of the same focal 
length giving an image of the same size, are 
calculated, it is found that 

o = 0 + [F(s - r ) + i ll 
I = i - [F(r - l is) + i2J 
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In one or other of these form s the telephoto 
req uires careful handling on account of the very 
faint image , making focussing difficult when 
large magnifications are at tempted. The use 
of an optical system with variable separation 
requires in fact that each of the components 
should be separately corrected, which is only 
possible with small apertures. This type of 
lens must thus be considered as sui table only 
for special purposes . There is no doubt , how
ever, th at it can render very appreciable service. 
The use , in place of it, of enlargement of part 
of a negative t aken with an ordinary lens is 
not to be thought of, for at the same time the 
granular structure of the image is enlarged, 
which limits t he degree of en largement to not 
more than t en times as a rule. 1 

II O. Fixed-focus Telephotos. Very grea t 

r 
I 
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The ratio s being always greater than (or at 
least equal t o) unity , it is seen that, for a photo
graph on the same scale, the distance of the 
object from the telephoto is always greater than 
it would be with an ordinary lens of the same 
focal length, and the more so the smaller the 
focal length of the amplifying negative lens 
compared with that of the convergent system. 
Con versel y , the distance from the image to the 
telephoto is always less than it would be with 
a lens of the usual construction. 

The first telephoto lenses used any ordinary 
photographic lens as the convergent system, and 
as amplifier a more or less complex divergent 
system. The two components were mounted so 
that the separation could be altered by a rack 
and pinion, the optical interval Il of the above 
formulae being marked on a scale on the outer 
tube; a lso, usually , the resulting magnification 
and the corresponding distance of the image. 

The first simplification t ook place in r896 by 
the construction of a complete system shown 
in Fig. 84, the divergent system being shown in 
full lines in the position for a focal length of 
4 in., whilst in the position shown by the dotted 
lines the focal length is about r2 in . 

improvemen t, at least in the construction of tele
photo lenses for general use, was made when 
K. Martin (r 905) abandoned the variable mag
nification and made a lens which, in view 
of its employment on hand cameras, would be 
more correctly described as a long-focus lens 
for short-extension cameras. The possibility of 
compensating the aberrations of each of the 
components by aberrations of opposi te sign in 
the other, and t he removal of the d ifficulty of 
centring which arises when two sliding tubes 
are employed (which must necessari ly have a 
little play) enabled him to obtain an aperture 
of F /9 covering about 35° and giving an image 
of a quality comparable with that of a good 
rect ilinear. The lens had the advantage that 

1 I t may be mentioned th at co nvergent lenses have 
also been used as n1agnifiers, th e arrangement being 
then similar to an astronomical t e lescope with in creased 
separation betwecn the componcnts so as to obtain a 
real image. Also afocal magnifiers have been used such 
as a Galilean or terres trial telescope (e .g . a field glass) 
adjusted for normal s ight and pl aced in front o f the 
lens, which thus takes the place of the ey e of an observer. 
T he m agniflcati on is then equal to the ra tio o f th e focal 
lengths of the two C0I11pOnents of t he amplifier. Th e 
Adons of Dallmey er (r899) are afocal magnifiers con
structed on this principle . 
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for a focal length of 9! in. (covering almost the 
whole of a 41 X 3! in. plate), the distance from 
the vertex of the back lens to the plate (prac
tically the same as the distance from the camera 
front to the plate) was only 5! in. , that is , only 
58 per cent of the focal length. The aperture 
of these lenses was extended afterwards to F 17 
or F 17'7 (by the same designer), with a slightly 
smaller field, the focal length for t he 41 X 3! in. 
plate being increased t o IOt in., without increase 
of camera extension. 

This very importan t reaction against t he use, 
on amateur cameras, of lenses of small focal 
length which, though useful for record work, 
are opposed to all aesthetic rules, has been 
supported by the great er number of English and 
German opticians, who have all kept to the 
same ratio, which is a very suitable one, between 
the focal length and the camera " extension," 
while striving to increase the aperture and the 
quality of the image. In England, where this 
type of lens seems to have reached very great 
perfection, the aperture has been increased, first 
to F16·8 and then to FI3's, with a field of almost 
35°· Fig. 85 shows a lens of F14· 8 aperture by 
H . W. Lee (I 922). These different lenses h ave 
been made up to now only for use on hand 
cameras of size not exceeding 7 X 5 in. The 
most recent t ypes give an image comparable 
with that given by the best modern lenses of 
normal construction. ' 

II 1. Anachromatic Telephotos. The use of a 
telephoto lens of low but variable magnification 
is of importance to the landscape photographer, 
who, having chosen his viewpoint, must make 
his image cover his plate. On the other hand, 
the distribution of sharpness between the suc
cessive planes, without exaggerated softness in 
the d istance, leads him to the use of a smaller 
relative aperture as the focal length is increased. 
In fact, it may be said (C. Puyo) that the abso
lute diameter of the greatest effective aperture 
of service in a rtist ic landscape work should be 
in the neighbourhood of 0·8 in. F or I 8 X 24 cm. 
(9! X 7 in .) p lates , the focal lengths mostly used 
lie between I6 in. and 25 in. The anachromatic 
telephoto for which C. Puyo and L. de Pulligny 
gave data in I906, which they called adjustable 
landscape (Fig. 86), is very suitable for this 
purpose. It is constructed of two lenses of 

1 Lenses of this type, but reversed, have been used 
in cameras for · simultaneous three-colour selection, the 
increase in camera extension then providing the neces
sary space for the system of r eflectors (beam splitters) 
~sed t o divide the beallls of light among the three 
Images. 

0·8 to I'2 in. diameter, one convergent and the 
other divergent, of the same focal length, e.g. 
about 4 in. for 9i X 7 in. plates, or 3 in. for 
7 X 5 in. plates. These a re mounted so that 
the separation can be varied without exceeding 
a quarter of their common focal length. A 
diaphragm of 0·8 in. aperture (a li ttle less for 
lenses of very short focal length) is placed in 
front of the convergent lens, and a variable 
diaphragm can usefully be placed behind the 
negative amplifying lens for varying the degree 
of softness . Such a combination, used over a 
small field, can be sufficiently corrected for 
astigmatism, and have an almost flat field 
without too much spherical aberration. 

The telephoto is of importance not solely for 
record and pictorial landscape photography , but 
is a lso extremely useful for portraiture, giving 
large heads with the camera placed at a very 
great distance from the sitter, thus avoiding 
the distortion, amounting almost to caricature, 
which results from t oo close a viewpoint. 

For the professional having at his disposal a 
triple-body camera, the telephoto lens of vari
able separation can be very simply rigged up 
wi thout specia l mounting . The convergent sys
tem (which may be a Petzval or other type of 
portrait lens, or anachromatic symmetrical lens, 
according as a semi- or completely anachromatic 
lens is desired; the first -named gives a better 
defined image, more agreeable to the taste of 
the average customer) is mounted on the front 
body; the divergent lens will be attached to the 
middle body, so that its centre is on the optical 
axis of the convergent lens. In this case a 
plano-concave lens should be chosen, placed 
with its concave surface towards the front lens, 
the focal length of which should be almost half 
that of the convergent system and the d iameter 
about one-third its own focal length. With a 
portrait lens of I 8 in. focal length at 33 t o 50 ft. 
from the sit ter , portraits of 9i X 7! in. size are 
obtained of very agreeable perspective, where 
the arrangement of the hands is easy and good 
" drawing" is possible (c. Puyo). 

112. Sets of Lenses. We have already seen 
that convertible unsymmetrical lenses give the 
photographer three different foc i, according as 
the complete lens or one of the components is 
used. By substitut ing for one or the other of 
these components other analogous com binations 
which can a lso be used separately , the number 
of foci available is increased, and thus a set or 
casket of lenses is formed . The total number of 
different focal lengths which can be got with a 

• 
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given number of components is shown in the 
following table-

Number of componentlenses . 2 3 4 5 
Number of different focal 

lengths obtainable . . 3 6 1 0 15 

It should, however, be pointed out that not 
all the possible combinations are, optically 
speaking, useful or possible. In fact , sets a re 
generally limited to three or four components, 
and then rarely give more than five to eight 
combinations. 

Lens sets a re used' chiefly by commercial 
photographers, who are often called upon to 
take a great variety of subj ects out of doors 
under conditions which are often difficult as 
regards choice of viewpoint. It is rare for all 
the combinations to give images of a quality 
equal to that given by a specia lly designed lens. 
The combination of two lenses of very different 
focal lengths in relative positions which are not 
all equally favourable in fact hardly allows 
complete elimination of distortion, at least at 
the extreme limits of the field. 

113. Different Types of Lens Mounts. Several 
types of mounts are employed for photographic 
lenses, according to the use to which they are 
to be put. 

For cameras which a re a lways used with a 
tripod (studio and field cameras), where there is 
no limit to the projection of the mount, a 
normal mo~mt (Fig. 87), the simplest type of all, 
is usually fitted, the flange being attached 1 to 
the rear of the lens mount, giving free access to 
the diaphragm. On hand cameras, where bulk 
has to be reduced, a sunk mount is often prefer
able, the flange being on the front part of the 
mount, which is thus sunk inside the camera in 
order to make use of the space corresponding to 
the thickness of the bellows (when closed). The 
diaphragm is then operated from the front by a 
cylindrical lining between the exterior mount 
and the actual body of the lens. 

When the camera is not fitted with any adjust
men t for focus a helicoidal focussing mount is 
employed, with the flange in front and com
prising, beside the tube actuating the iris, three 
concentric tubes. Two studs fixed on opposite 
sides of the inner tube engage in helical slots in 
the intermediate tube and in slots in the outer 
tube parallel to the axis. A rotation of the 
intermediate tube by means of a lever working 

1 In every case where vibration is likely to occur 
(e.g. in a erial photography) it is necessary t o provide 
additional security to prevent the lens from unscrewing, 
part ially or totally, when in use. 

over a scale of distances causes the lens to move 
forward or backward without rotation. 1 

Finally, for use with between-lens shutters 
(§ I38), the mount is reduced to a pair of cells 2 

in which the lenses a re bezelled or held in with 
clamp rings, these cells being screwed into the 
female screws provided at ci ther end of the 
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shutter. It cannot be too strongly recommended 
that the mounting of a lens on a between-lens 
shutter sh ould be entrusted to the maker of the 
lens, so that there sh ould be no alteration in the 
separation of the elements of the lens to spoil 
its qualities. 

The mounts of old lenses always had a hood 
of very great projection, either integral with the 
front cell or detachable. The disuse of th is very 
useful accessory, at first on lenses for folding 
hand cameras, has unfor tunately become gen
eral; hence it is a lmost always necessary to use 
an auxiliary hood with modern lenses (§ I24). 

Attachment of the lens to the flange is by 
means of a flange thread,3 which , except on 

1 In the early days of phot ography cameras had only 
a clumsy focussing adjustment or no ne at all. Focuss ing 
lens-mounts were then formed of two tubes, the exterior 
one fixed to the flange, the inner sliding in it by means 
of a rack and pinion. Although it is no longer needed 
this mount is still retained for P etzval-type portrait 
lenses. 

2 Opticians generally engrave their trade-mark, 
serial number, and lens characteristics on the front 
only. The back cells of lenses of the same series a nd 
mean focal length are not usual ly optically inter
changeable, but as they are mechanically interchange
able it wou ld be very desirable to avoid confusion by 
engraving on the back cell at least the number of the 
lens. The female screws of the cells can be used for 
inserting filters, supplementary lenscs, etc. 

3 To avoid spoiling the threads by crossing, the lens 
should be first rotated in the direction of unscrcwing 
when applied to the flange, till a slight click is heard, 
indicating that the ends of the threarl' are correctly 
placed for screwing. On English lenses with coarse 
threads the thread is made to start abruptly, a nd 
exterior marks placed to indicate the correct posit ion 
for engagement; three turns then screw the lens home 
in the fl ange. 
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some English lenses, is generally much too fine, 
it being often difficult to screw the lens on 
correctly . It has been proposed, but not gener
ally adopted, that lenses should have a bayonet 
at tachment or interrupted threads like those on 
the breech of a gun, one-sixth of a turn then 
sufficing to screw t he lens home. Mention may 
also be made of universal iris adapters with 
metal blades actuated like those of an iris 
diaphragm t o bear on the exterior screw threads 
of the mount. They are attached to the camera 
by screwing into the flange . 

The blades of these adapters are generally too 
flexible, so there is some uncertainty as to the 
direction of the optical axis. 1 

The materials used for lens mounts are gener
ally brass, or the ligh t a luminium alloys; pure 
aluminium, which was used for some time, had 
the drawback that the threads rapidly wore 
out. 2 In every case where the lens may be used 
for the copying of originals under glass, it is 
desirable t hat the mount should be finished in 
matt black lacquer in preference t o the tradi
tiona l gold lacquer used on optical instruments, 
so as to minimize reflection. 

A necessary accessory is the cap, which is 
sometimes of metal, more often of leather. The 
lens being considered to remain on the camera, 
only the front lens is then exposed to shocks, 
and only one cap is usually provided . When 
severa l lenses are carried with one camera , it is 
well to fit a cap on the back cell as wel!3. 

II4. Choice of a Lens. The descriptions 
previously given (§§ 94- III) form sufficient 
guide to the choice of a lens required for a 
specia l purpose, so that we shall now consider 
only the case of the modest amateur desiring 
to attempt the most varied work with the 

1 \Vhen it is desired to substitute one lens for another 
quickly, the smaller ones may be fitted with adapters 
having male and female threads, all screwing into the 
largest flange and each receiving o ne of the lenses. 
The adapters should be kept on their r espective lenses 
to avoid confusion. 

There Inay also be mentioned, if only as a warning 
again st their use, the ball and socket flanges which 
have been proposed from time to time for the purpose 
of in clining the optical axi s of the lens to its normal 
direct-!.(lJl. 

2 When a lens of great focal length is likely to undergo 
large changes of temperature (aerial photography at 
high altitudes) it is well to r estr ict the expansion and 
contraction of the mount by using the invar steels, 
or t o adopt a compensating device like those frequently 
used o n clock pendulu ms . 

3 The lenses on cameras exposed in dealers' shop 
windows might very well be provided with glass
fronted caps which would keep out the du st but leave 
the optician' s name visible. 

greatest possibili ty of success, with only one 
lens. 

The single lens is usually only found on small 
cameras for beginners. In very good light, 
moving objects may be photographed, but the 
small aperture (maximum aperture F /16) ob
viously will not allow of instantaneous photo
graphy in poor ligh t. With a suffic iently long 
exposure, however, landscapes can be taken 
which are hardly distinguishable from those 
taken with more costly objectives. 

It is particularly between a rectilinear and an 
anastigmat that the choice usually lies. Let it 
be stated at once that at equal relative apertures, 
and if extremely sharp definition at the edges 
of the field is not sought for, the images given 
by these two types of lenses differ only slightly, 
especially if the focal length of the rectilinear is 
a little greater than that of the anastigmat. 

From the point of view of amateur photo
graphy the principal difference between these 
two types lies in their respective speeds. Whilst 
F /S can be considered the maximum aperture 
for the rectilinear, there are few modern an as
tigmat s in which the aper ture is not at least 
F/7, and many have apertures larger than F/2·S , 
so that calling the" speed" of the rectilinear 1, 

that of the anastigmat lies between 1 ·3 and 1 0. 

J nstantaneous exposures (a conventional term 
for exposures not longer than one-tenth of a 
second) will thus be possible with the anastigmat, 
especially with large-aperture lenses, in cases 
where, other circumstances being the same, they 
would be impossible with the rectilinear. In 
other words, the principal advantage of the 
anastigmat, thanks to its greater speed, is to 
extend the times (of day) during which it is 
possible to photograph moving objects. 

R egard must, however, be paicl to the fact 
that the employment of larger apertures reduces 
the depth of fi eld, the estimation of the distance 
on which t o focus becoming much more difficult 
in proportion as the aperture is increased. 
H ence it may be considered that apertures in 
the neighbourhood of F/3·S will be only rarely 
used in outdoor phot ography unless it is pro
posed to specialize in the photography of objects 
in very rapid movement requiring exposures of 
the order of l / l,oooth second, or in colour 
photography. 

The property of the anastigmat of covering a 
larger field so that a shorter focus lens can be 
used for the same plate , thus reducing the size 
of the camera , is generally considered an 
advantage . Although this is so for some kinds 
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of photography, it is difficult to avoid regarding 
it as a drawback from the point of view of 
pictorial photography, the smaller scale of the 
image tempting the photographer to approach 
too near to his subject. 

If the camera allows sufficient extension , the 
employment of the single components of a 
convertible anastigmat is to be preferred, the 
complete lens being then used for subj ects with 
movement, and either of the components for 
landscape photography . 

The anastigmat being able to do, and do 
better, everything that the rectilinear can, and, 
moreover, allowing the photographer to work 
under conditions that he could not work under 
satisfactorily with the rectilinear, it is evident 
that if monetary considerations do not enter 
into the case, an anastigmat should be chosen. 

If, on the contrary, the amateur must restrict 
his expenses, it would be better for him to adopt 
a good rect ilinear rather than a bad imitation 
of an anastigmat, of intermediate price. He will 
lose some opportunities for photography (com
pared with the possessor of an anastigmat) with 
the short exposures required for rapidly-moving 
objects, or for using a camera in the hand, but, 
under all other conditions, he will be able to 
obtain photographs of interest and of artistic 
qualities equal t o those obtained with a more 
expensive lens. The interest of a pictorial work 
is not measured by the cost of the box of colours 
used by the artist. From the purely artistic 
point of view, it can be repeated that the finest 
photographs have been obtained with simple 
uncorrected lenses or anachromatic lenses . 

I IS. Choice of Focal Length. The necessity 
that often arises for decentring the lens (§ 315) 
relatively to the plate so as to raise or lower the 
horizon, especially for the photography of high 
buildings, while keeping the optical axis of the 
lens horizontal, requires the choice of a lens such 
that the diameter of the field covered sharply 
should considerably exceed the diagonal of the 
rectangle defining the image, at least when 
stopped down. 

If we consider, for example, a plate 41 x 3! in. 
(Fig. 88) , of which the diagonal is 6 in., a field 
of 6 in . diameter would cover it 1 if the lens were 
always centred on the plate, i.e. if its optical 
axis always met the plate in the point 0, the 
in tersection of the diagonals of the rectangle 

1 A margin of a few millimetres (about one-e ighth 
of an inch) , correspond ing to the r ebate on the dark 
slide to hold the plate, should, t o b e exact, be deduct ed 
from the normal plate size. 

ABeD. But if the lens is to be decentred 1'2 in. 
parallel to the long sides, so that it comes 
opposite 0 ' , the lens considered above would 
no longer cover the shaded area AabB , and in 
order then t c-cover the plate, the field covered 
sharply should be eq ual to the circle with 0' as 
centre and radius O'A, i.e . a diameter of 8 in., 
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• 

which would cover a plate 6it X 4it in. in the 
absence of decentring. 

Lenses being generally characterized by the 
angle of field sharply covered (angle between the 
secondary axes t o the two extremities of the 
diameter of the circle of the sharp image, or to 
the two extremities of the diagonals of the 
rectangle which can be inscribed in this circle), 
the two tables given on the next page indicate, 
in the first, the factor by which the focal length 
should be multiplied to obtain the diameter of the 
sharp image when the angle of field is known I ; 

and in the second, the lengths of the diagonals 
corresponding t o the different plate sizes. 2 

The eye includes an angle of only 50°, so 
it is recommended (if the photograph is to be 
viewed from its normal viewpoint) that the use3 

1 This factor is twice the t angent of the half a ngle of 
fi eld. 

2 In this second table the sizes common on the 
European continent are ind icated by heavy type; 
those in use in E ngland and America by italics, with the 
s izes in inches in brackets. 

This table does not include t he s t ereoscopic plate 
s izes corresponding to the size of two s in gle pictures, 
but t he 6 X 13 cm. size has been includcd, as certa in 
" panoramic" cameras are made . which usc the fu ll 
size for a single picture. 

3 There is obviously no disadvantage in employin g 
a lens covering a larger angle of v iew, if onl y a part of 
this angle is used in t he phot ograph, bu t in this case 
care must be t aken that light refl ected from the sides 
of the camera does not fog the image . The detachable 
hood is h ere called for. 
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DIAMETER OF THE SHARP I MAGE (THE FOCAL LENGTH BEING TAKEN AS UNITY) 

-

Angle of Diameter of Angle of Dia meter of Angle of Diameter of 
field - fi eld - field -Image Image Image 

-
10' 0- I 7 55 ' 1-04 1 00 0 2-38 
I S' 0-26 60' 1 ' 15 105

0 2-61 

20' 0'35 65' 1-27 110° 2-86 
25' 0-44 70 ' 1-40 I IS ° 3 -'4 
30 ' 0-54 75° I -54 1 20

0 
3' 46 

35' 0- 63 80' 1-68 125
0 3 -84 

40 ' 0'73 85' 1,84 130 0 4' 28 
45' 0,83 90 ' 2'00 135 0 4 ,84 
50' 0'93 95' 2' I 8 140 0 5'50 

I MAGE SIZES (NOM INAL) AND THEIR DIAGONALS 

D im ensions Diagonal Dimensions Diagonal Dimensions Diagonal 
in inches in inches in inches 

1 ·8 X 2'4 em . 1'1 8 8-2 X 10,8 (4 t X 3t ) 5'28 16,5 X 21,5 (8 t X 6t) 10 -69 
2-4 X 3,6 1'78 6 X ' 3 - 5' 63 18 X 24 I 1·82 

3 X 4 1'97 9 X 12 S'9 1 20,3 X 25,4 (IO" X 8") J 2·8 I 

4 X 4 2'24 10,1 X 12,7 (5" X 4") 6'38 21 X 27 13'48 
4 X 5 2 '52 9 X '4 6'54 24 X 30 '5' 13 
4,5 X 6 2'96 10 X 15 7'09 25,4 X 30,4 (12" X l O" ) 15'60 
6 X 6 3'35 . 11 X 15 7'33 27 X 33 16'78 
6 X 7 3'78 12 X 16' 5 (6t X 4:1) 8'04 30,4 X 38,1 (I5" X i 2 " ) 19'19 
6'4 X 8'9 (3~ X 2t) - 4'33 12, 7 X 17'8 (7 " X 
6,5 X 9 4'37 13 X 18 
8 X 9 - 4'73 15 X 21 

of a larger angle of view should be avoided, ex
cept fo r record work, where a wide angle can be 
used , This amounts to saying that the focal 
length, at least in landscape photography, ought 
to be at least equal to the diagonal of the plate, 
In fact, the bad habit has been established, 
either for economical reasons or by an innate 
tendency to include in a photograph as much as 
possible, even if a great part has afterwards to 
be sacrificed in the print to unify the composi
tion, of choosing almost invariably a lens of the 
shortest foca l length in the optician's catalogue 
which will cover the plate, This is the more 
often done as some catalogues purposely print 
the expression "recommended for such-and
such a size, " instead of the more desirable 
" able to cover, at the maximum, such-and-such 
a size," It is thus that many cameras are 
fitted with lenses of which the focal length is 
scarcely greater than the longer side of the 
plate, except in the case of large-aperture lenses, 
which always have a smaller angle of field, 

P articular considerations limit the choice of 

5") 8 '59 30 X 40 19 '7° 
8'75 40 X 50 25'22 

1 0 ' T 7 50 X 60 3°'77 

-

focal length of studio portrait lenses, On the 
one hand it is very desirable, in order to avoid 
foreshortening and exaggeration of near parts, 
to place the camera at least I2 ft, away from 
the sitter for a head and shoulders or half-length 
portrait, and at least 20 ft, for full-lengths or 
groups, On the other hand, it is obviously 
necessary to take into account the dimensions 
of the studio and the distance available between 
sitter and camera, since the sitter cannot be 
placed against the wall and the operator must 
have room behind the camera for focussing and 
manipulating the dark slides, both of which 
considerations take away at least 6 ft, from the 
actual length of the studio, Finally, in industrial 
towns, where dust is plentiful in the air, the 
light diffused by the dust (when the space 
between the camera and sitter is illuminated) 
will produce a slight fog over the image if the 
distance between sitter and camera exceeds 
about 40 ft, 

Allowing a mean height of 5 ft, 5 in, for an 
adult, and that the head is about one-seventh 
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the height, i. e. g- gt in., which may be increased 
by the hair or beard, it is easy to find, by using 
the rules formulated in § 62, the distance the 
sitter must be away from the lens in order to 
obta in an image of any desired size, or, inversely, 
to determine what is t he greatest focal length 
which, in the space available, will allow of a 
given degree of reduction . For a carte de visite 
(head about 0·8 in., or full length about 2! in . 
on 3! X 2t in . paper), a lens of II in. foca l 
length will require a distance of 23 ft., so that 
the studio must be about 30 f t. long . For 
cabinet portraits (a head measuring about I·6 in. 
or a full -length figure 4 in. on paper 6 X 41 in. ), 
or for post cards (st X 3t in. ), the same length 
of studio would allow the use of a lens of 2I in. 
focal length for head and shoulders, or a lens 
of I4t in. foca l length for a full-length portrait, 
these focal lengths being the shortest which 
permit the camera to be placed sufficiently far 
from the subj ect to produce an agreeable 
perspective. 

The table below indicates the distances 
between the sensitive plate and the subj ect 
necessary to obtain the image of a head or of a 
full-length figure, of given dimensions, taking 
the focal length (F ) as unit of distance:-

H EAD (L ENGTH 9~ IN .) REDUCED T O 

0-8 in. 1·6 in. 
. • 4. 8 in . 2 '4 111 . 3 '2 In. 

q'IF 8'2F 6'25 F 5'331' 4'S F 

FIGURE (L ENGTH 

2·8 in. 
5 FT. 5 IN.) RED UCED TO 

6 in . 8 ·in. 10 in . • 
4 m . 

2y6F 18·6F ' 3· rF rO'4F 8'7S F 

The only calculation to be done is to multiply 
the number given above by the focal length of 
the lens to be used. 

It is no good t rying to use a large aperture 
with lenses of very great focal length, since the 
dep th of fi eld would be insufficient even for a 
profile portrait; it would constantly be necessary 
to use the lens at a much smaller aperture. 
F/3'S can be taken as a practical limit for a lens 
of I2 in. focal length, F /S·6 for 20 in., and F /8 
for 30 in. (See § 80 on "Conditions Affecting 
the Depth of Field. ") 

1I6. Practical Testing of Lenses. The prac
tical testing of a lens should be carried out under 
conditions as similar as possible to those in 
which it will be used! ; it would be as absurd t o 
test on a distant subject a lens intended for 

1 The results of practical test s, which a re the on ly 
ones open to the tl ser, are valid on ly when the same 
conditions apply as in the test , a very slight variation 
in focussing sufficing to modify t henl greatly. I t is there
fore necessary to make several tests with systematic 

process work as t o t est on a close-up subj ect a 
lens to be used for aerial phot ography. 

As far as possible, the t est of a lens should 
be carried out on a camera of larger size than 
the maximum field of sharp definition expected, 
choosing preferably a camera known to be in 
perfect working condition , in order t o run no 
risk of attributing t o the lens any constructional 
fa ults of the apparatus, such as lack of register 
between the positions of the ground glass and 
the sensi tive emulsion which is substi tuted for 
it after focussing. 

The first test to carry out is that for achrom
atism. For this, according to the in tended 
norma l use of the lens, either a page of a news
paper stretched on a wall, or a brick wall witl, 
bold lines, should be used as a tes t obj ec t, both 
being photographed obliquely from an angle of 
about 45°. Focussing having been done very 
carefully on an easily identifiable vertical line, 
a photograph is taken at the full aperture of the 
lens, preferably on a slow pl ate or lantern plate, 
so that there will be no trouble from excessive 
graininess of the image. If achromatism is 
exactly corrected, and if the darll slide is in 
register with the f ocussing screen, the sharpest 
line on the photograph will be that focussed on. 

To find the ex ten t of the field of good definition 
wi thou t using a larger camera, it will be neces
sary to decentre the lens as much as possible, 
noting the amount, so that it will be easy t o 
identify the position of the centre of the fi eld 
on the photograph. It must be assumed that 
the definition is symmetrical (which will be the 
case with a centred system) , unless the test is 
repeated with the decentring in the opposite 
direction or after unscrewing the lens half a 
turn in the fl ange (and readjusting the focu s) . 

To test a process lens, a number of good proofs 
from half-tone blocks spread over the field 
embraced by the lens may preferably be used 
as a test obj ect and photographed the same size 
or slightly smaller. To t est a portrait lens, 
papers printed in large type are pinned against 
the wall of the studio and photographed at 
about r6 ft. distance . To test a landscape or 
architectural lens, choose a large fayade in 
brickwork with bold join ts as test obj ect, and 
photograph at a distance of about 60 ft., and 
as far as possible with the lens ax is at righ t angles 
to the wall. 

For each of these tests it is necessary to take 

variation in focussing. The tests made by lens makers 
are made to determine the p ath of th e rays tha t would. 
in a perfect lens , converge to a point. 
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severa l photographs, one a t full aperture, one 
at an aperture of about F /30, and one at an 
in termediate aperture . 

After making sure that the dark-slide and 
focussing screen are perfectly in register (§§ 161 
and 188) , and after focussing as accurately as 
possible (§ 308) , the photographs are taken on 
slow pla tes with a relatively short exposure, and 
then developed to obtain great contrast. After 
being finished and dried, the negatives are 
examined under a lens magnifying about 5 times, 
and it will then be possible to fix the limits of 
the sharp image and measure the diameter of 
the field. 

When comparing different lenses, care should 
be taken t o make the comparison at equal 
relative apertures and at equal exposures on 
identical pla tes, which should be immediately 
developed together. If each of the lenses is 
mounted on a shutter, do not trust to the speeds 
marked on the shutters, which are rarely accu
rate. It is necessary to work on slow plates 
under poor illumination, so that the exposure is 
a t least 10 seconds, which will be long enough 
fo r errors of timing to be inappreciable. Under 
these conditions, which are easily rea lized, the 
sharpness and cont rasI of t he negatives may be 
compared. 

II7. Preservation and Care of Lenses. When 
not in use, lenses should be kept in a clean, dry 
place, in a dust-tight sheath-case or at least 
with caps on both ends. Where the lens has 
cemented components, which are liable to 
exposure to excessive heat (part icularly if 
occasionally employed on an enlarger using 
artificial light), shield it from the source of light 
by an opaque screen of card or metal, except 
when actually focussing or exposing. 

Strict cleanliness of all surfaces is a necessary 
condition for obtaining clear images . A lens of 
which t he surfaces diffuse the light either 
through condensation of steam or adherent dust, 
or grease marks due t o contact with the fingers, 
will form a halo round all the high-lights, and 
more or less completely veil the shadows. 

Meticulous care is necessary in cleaning the 
lens surfaces. In the first place, a tmospheric 
dust contains, among other things, numerous 
microscopical grains of sand, liable t o scratch 
window or pla te glass. Now optical glasses are 
considerably softer than common kinds, so that 
the rubbing of these grains on the surfaces of 
the lens, in the course of unskilful cleaning, 
causes the innumerable scra tches seen on many 
lenses a fter some years' service. This slight 

abrasion will considerably impair the qualities 
of the lens. 

In cleaning, all substances which are likely 
to deposit grease on the lens (such as chamois 
leather) should be avoided. Silk electrifies the 
glass and causes more dust to adhere. Linen 
cloth, taken from old linen garments, is very 
suitable for cleaning if recently washed and kept 
away from dust (in a well-closed metal box). 
The special paper known as " papier J oseph" 
may also be used , but the bes t cleaner, if it can 
be obtained, is the pith of shrubs (rush, sun
flower, and elder), stripped off as required. 

Before cleaning, the surfaces should be dusted 
without applying pressure t o the glass , e.g. with 
a very soft dry brush, kept for this purpose in 
a dust-proof case, and washed from time to time 
in denatured alcohol and immediately hung up 
to dry in filter paper. 

The inner surfaces will not require dusting 
and cleaning so often as the outer surfaces, lens 
mounts with iris diaphragms being practically 
dust proof. Never unscrew at the same time 
both the front and back components, nor, a 
fortiori , the components of a stereoscopic pair , 
in order to avoid the risk of interchanging them. 

After dusting and dry cleaning, see that the 
surfaces are perfectly clean, which is best done 
in a room ligh ted by a single lamp, not too bright, 
looking at the lens held in a posit ion slightly off 
the line joining the lamp and eye. If a dirty 
mark is seen, moisten it with a little soapy water 
and wipe. If this does not remove it, moisten 
with a little denatured alcohol, taking care tha t 
none of it get s between the lens and its cell, as 
it might dissolve the Canada balsam used for 
cementing : after a few seconds, wipe dry. 

In any case never try t o polish the surfaces 
of a lens with a powder (chalk or rouge) or 
pol ishing paste, for the slightest wearing away 
of the glass which this polishing would produce 
would be sufficient to deform the surface and 
impair the quality of the lens. Never apply t o 
the glass any alkaline solu tion, however weak , 
as optical glasses are extremely sensitive to 
action b y chemical reagents and even to damp. 

E very time the lens is t aken to pieces, be 
careful t o wipe the inside of the mount, and see 
that the matt varnish has not peeled off at any 
place, showing bare metal which would refl ect 
any light fallin g on it. If there is a bare spot t o 
be seen, apply a little black matt optical varnish. 

To prevent subsequent steaming of the inside 
surfaces it is advisable to assemble the lens in a 
very dry place or close to a fire. 



CHAPTER XI 

LEN S ACCESSORIES: SUPPLEMENTARY LENSES, LIGHT-FILTERS, PRISMS AND MIRRORS, 

POLARIZERS, LENS HOODS, SKY SHADES 

1I8. Supplementary Lenses (Magnifiers ) .l 
Cameras with fixed focus will produce a sharply 
defined image of the obj ec t only if it is at a 
sufficient distance from the camera, the picture 
being necessarily on a small scale. It has long 
been t he custom to remedy this defect by 
mounting additional positive supplementary 
lenses or magnifiers in front of the lens. The 
camera .. seeing" only at a distance, like a 
long-sigh ted person, it was natural to correct 
it by the same means. 

It must be emphasized in the first place that 
such magnifiers? and also the negative supple
mentary lenses referred to later, must be cor
rectly cen t red with the objective. This excludes 
the use of all universal spring mounts, which 
can be adapted to lens tubes or hoods of different 
diameters. The supplementary lens should be 
mounted in a small tube, which is either screwed 
into the inner thread of the lens hood or on to 
the outer mounting of the objective, or it can 
be simply slipped tightly over the barrel of the 
lens . 

For example, suppose that it is desired to 
photograph a subject 1'50 metres (5 ft.) from a 
camera which is focussed on infinity or which 
gives sharp definition of obj ects at an infinite 
distance . It will t hen be sufficient to place a 
converging lens of 1'50 metres (5 ft .) focal 
length in front of the obj ective, that is, a glass 
of 0·67 d iopters for a long-sighted person. The 
subj ect will then be situated in the focal plane 
of such a supplementary lens. R ays of light 
coming from any point on the objec t to the 
magnifier are then transmitted from the latter 
and arrive on the objective as a beam of almost 
parallel light, i.e. in the form of rays issuing 
from a very distant point. 3 It will thus be seen 

1 It should be borne in mind that each optical 
accessory increases the volume of stray light due to 
successive reflections (§ 57)· 

2 In stead of the biconvex (or biconcave) lenses used 
in ordinary spectacle making. preference should be 
given to the convergent or divergent periscopic forms , 
placed with the concave side towards the lens at about 
1 2111111 . from its front principal point. 

3 In practice, if a ftxcd focus camera is set in focus 
on the hypedocal distance instead of infinity, it is 
well t o arrange the object slightly on the far side of the 
focal plane of the supplementary lens. 
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that if a set of supplementary lenses with 
properly chosen focal lengths is available, a 
fixed focus camera can be used to photograph 
objects at all distances which are less than the 
minimum distance fixed by the limits of the 
camera. 

With a camera which has a focussing adjust
ment but is of too short extension to allow of 
a very near obj ect being photographed, the use 
of suitably chosen supplementary lenses will 
further extend its scope. If, for example, the 
camera cannot be focu ssed on a shorter distance 
than z metres (6! ft.) and it is desired to photo
graph an object placed at a distance of 1'50 
metres (5 ft .), the camera should be se t a t 2 

metres and on the front of the obj ective is placed 
a magnifying lens of power equal to the differ-

ence of the proximity ( = d' t
I 

) of the object 
IS ance 

and of the point on which the camera is focussed, 
i.e. in this case : 

I I 
-- - - = 0·67 - 0'50 = 0'17 diopters. 
1'50 2 

This corresponds with a focal length of I 

= 6 metres (I9i ft .). 0'17 
With subsequent adjustmen t of the focus on 

a convenient distance, it is possible to use any 
magnifier whose focal length comes within the 
limit thus calculated and that corresponding to 
the use of the camera focussed on infinity. 

Due regard must, however, be paid to the 
fact that the supplementary lenses usually 
employed are uncorrected, and their use with 
an objective int roduces aherrations into the 
resulting image (chromatic, spherical, astig
matic, etc.), which are more pronounced the 
stronger the additional lens. For this reason, if 
there is a choice between two supplementary 
lenses of different focal lengths, it is advisable 
to choose the one of the greater focal length, and 
to focus the camera accordingly . 

Another fact must be taken into account, 
viz. that the focal length of the combination is 
smaller than that of the objective itse lf, so that 
the latter will have a larger effective aperture 
than that indicated by the marking on the 
diaphragm. For example, suppose that the 
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objective has a focal length of IS cm. (6 in.), and 
that a magnifier of I metre (3 ft.) focal length is 
being used (6 '7 and I diopters respectively), the 

resulting focal length will then be I = 13 cm. 
7"7 

(§70) . Thus the effective actual aperture of 
each stop will be increased in th~ratio of 13 to 
IS, that is, multiplied by 1'15, so that, taking 
into account the losses by reflection at two 
additional surfaces (about 10 per cent), the 
effective speed of the lens will be increased by 
about 20 per cent. When using a less powerful 
supplementary lens, the gain in speed would 
be considerably less, and the gain may easily 
disappear or be converted into a loss by the 
reduction of light due to surface reflections. 
Moreover, the increase in speed is generally 
illusory, for if the image is required as sharp as 
that obtained when the objective is used alone, 
it is necessary to use a smaller aperture. 

This reduction of the focal length also brings 
about, ipso jacto, an increase in the depth of 
field, which at the same time is further aug
mented, since an incompletely corrected optical 
system has always a slightly greater depth of 
field (§86). 

Positive supplementary lenses, while useful for 
record work, have unfortunately been used for 
portraiture; and as if the majority of photog
raphers had not already a marked tendency 
to place their models too near the camera, the 
use of such supplementary lenses has been 
popularized under the name of "portrait attach
ments." It cannot be too strongly emphasized 
that a portrait taken a t too close a range 
is not far removed from a caricature of the 
sitter. 

While formerly only bi-convex lenses were 
available for spectacle making, progress in 
oph thalmic practice has led to a preference for 
converging meniscus lenses, which also make the 
best supplementary lenses . The concave surface, 
which is turned towards the eye in spectacles 
and pince-nez, will also be that which must face 
the objective when it is used as a supplementary 
lens. 

11 9 . Tele-attachments. In the same way 
that the focal length can be reduced by using 
converging supplementary lenses, so it can be 
increased by the addition of a diverging lens 
(R. Viney, 1897) . The use of such a lens is of 
great advantage in landscape or portrait pho
tography with non-separable objectives. The 
increase in focal length causes a reduction of the 
angle of view. The softening of the definition 

resulting from the aberrations of the uncorrected 
lens, and the greater homogeneity of the image 
in the various planes, advantageously diminish 
what might be called, from an artistic point 
of view, the defects of a too well corrected 
lens. 

It is possible to calculate the approximate 
value of the focal length (within 5 per cent) 
by assuming the power of the combined system 
to be equal to the difference between the powers 
of the objective and the supplementary lens. 
If an objective of IS cm. (6 in.) focal length, or 
6'7 diopters, is coupled with a diverging lens 
of 50 cm. (20 in.) focal length, or 2 diopters, the 
power of the combination will be in the neigh
bourhood of 4'7 diopters, viz. a focal length of 
about 21 '5 cm . (8~ in. ). For avoidance of ex
cessive aberrations, and the need of making anad
justment in focus as when using an anachromatic 
objective, the power of the diverging attachment 
must not be as much as half that of the objective. 
If, on the other hand, a supplementary lens of 
very low power is employed, its effect is very 
nearly negligible. In practice, the focal length 
of a diverging lens attachment should not be 
more than double nor less than a quarter of the 
objective with which it is being used. 

Diverging meniscus lenses are to be preferred 
to cheap bi-concave spectacle lenses, and are 
used with the concave side towards theobj ective l 

120. Light-filters. Light-fil ters , t he optical 
properties of which will only be considered here, 
are formed either by a coloured liquid contained 
in a plate glass cell with plane and parallel 
faces or by a film of coloured gelatine, which is 
either used as such or cemented with Canada 
balsam between thin, flawless plate glass, or 
thick optically worked pieces of glass. 

With the exception of the plain gelatine filters, 
which are too thin to modify the rays of ligh t 
to any appreciable extent, any filter which is 
placed in front of or behind an obj ective alters 
the position of the sharp image, and introduces 
various aberrations into it. 

If a pencil of light is made to converge at a 
poin~ P by some optical system (Fig. 89), and 
a thlCk sheet of glass L, or some other trans
parent material with plane and parallel faces 
is interposed, it is easy to show that the image 
is displaced from P to P', its distance from the 

1 In this connection, reference may be made to the 
possibility alr eady m entioned (§ 108, in n ote) oj en large
ment of the image by lnounting a spectacle lens, wh ich 
~as been adjusted for viewing an image at infinity, 
In front of the objective, focussed on infinity. 
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optical system being increased. If the inclina
tion of the pencil is relatively small on the face 
of the sheet , the point P ' is situated on the per
pendicular drawn through P in a direction 
common to the t wo effective faces of the plate 
(L ), and, if the lat ter is of glass, the displacement 
PP' of the image is approximately equal to a 
third of the thickness of the filter. 1 

If the fil ter is placed in such a way that the 
optical axis of the lens is perpendicular t o its 
face, this being the necessary condition for the 
whole to constitute a centred system, the effect 
of the fil ter will be the same fo r every pencil, 
and it will be sufficien t to increase the distance 
between the plate and the obj ective by a third 
of the thickness of the filter , in order that 
every thing may be in practically the same condi
tion as befo re the int roduction of the filter. 
If, on the contrary, the filter is not perpendicular 
to the lens axis, the differences of obliquity of 
pencils equally inclined to the optical axis 
cause deforma tion of the image. This may 
not be very considerable, it is true, but it would 
be part icularly noticeable in negatives which 
had been t aken through a badly placed fil ter, 
and which were required to give exactly super
imposable images (three-colour work). 

When the filter is placed between the subject 
and the lens, it is sufficient to consider the point 
P' (Fig. 89) as one of the points on the obj ect, 
and it will be clear that, after passing through 
the filter, the rays will seem to come from the 
virtual point P , which is nearer to the lens than 
the actual p oint on the obj ect P ' . Thus, the whole 
obj ect is brought virtually nearer the obj ective, 
and the amount of displacement is equal to 
about one-third of the thickness of the filter. 

The image is fo rmed farther from the lens 
than before interposit ion of the filter. If an 
obj ect in the plane focussed on is reproduced 
on a scale of r jm, the increase in ex tension of 
the camera will be equal to the thickness of the 
fi lter2 divided by 3m2, a displacement which is 

1 A plate of thick ness I of a substa nce of which the 
refractive index is n, is equivalent, from the point of 
view of the p assage of rays of light, t o a thickness of 
air equal t o l In ; t he d iffer ence between its a ct ua l 
thickness I and its effective t hickness lIn, viz. I(n - I ). 
represents t he displacement of the sha rp image. 
measured in the d irection of t he propagation of light . 
The glass used in the construction of fi lt ers (crown 
or plat e glass) has a refractive index of a bout 1'5. 
so tha t t he displacement of the image is about 113. 

' It is easy to sh ow that t he displacement of the 

image in this case is str ictly eq ua l to I/( 3m ' + 0/). 
The second term in the denom inator is negligible com-

negligible even fo r the thickes t screens, when the 
obj ect being photographed is not very near the 
lens. 

In addition to the displacement of the image 
resulting from the interposition of a fi lter , the 
image is affected even if the fi lter is optically 
perfect; these various aberra tions, however, 
are fortunately small enough to have practically 
no disturbing effec t.1 

Cheap commercial filters are mounted be
tween ordinary plate glass, the faces of wh ich 
are usually neither plane nor parallel. and their 
use instead of optically perfect filters means 

p p' 
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that the image may suffer considerably in 
quality, especially when such filters are used 
with a lens of great focal length and relatively 
large aperture. When this is the case, plain 
gelatine screens are to be preferred to fil ters 
of mediocre quali ty. 

If the fi lter faces are parallel only one image 
is seen when looking at the reflection on the 
filter of distan t objects, t he line of vision being 
preferably glancing along the surface of t he 
filter. If the faces are not parallel two separate 
reflected images will be seen. 

pared with the first if m is appreciably greater than 
unit y (reduction) a nd if th e thickness I is only a small 
fraction of the focal length f . 

1 In the case of t hick fi lt ers m ounted in front of a 
wide-angle objective, the chromatic aberrations may 
become of considerable importance. especially if the 
object is to superimpose the negatives taken through 
variously coloured fi lters ; an ap preciable barrel-Shaped 
distortion is noticeahle if the filter is bet ween the lens 
and the image, wh ile it is crescent-shaped if the filter 
is between the lens and the sub ject. sli ght curvat ure of 
th e field occurring in both cases. For a n equal th ick
ness of fi lter, these aberrations are greater ·when the 
fi lter is on the same side of t he lens as the nearest of 
the two co njugate planes. This is one of the reasons 
why fi lters are usually mounted in front of t he lens 
fo r port rait or landscape photography. 

• 
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121. The Best Position for Mounting Light
filters. A misconception which is frequent ly 
entertained is to suppose that the efficacy of a 
light-filter can vary according to its position 
in the beam of light. A filter always absorbs 
a definite proportion of each incident radiation, 
whatever the intensity of the ligh t or its area 
of cross-section at the point where the filter is 
placed . For instance, if a light-filter, used near 
the lens, cuts the beam of incident light a t a 
cross-section twenty times less than would a 
filter placed in contact with the sensitive plate, 
and if the quantity of ligh t incident on the filter 
is therefore twen ty times greater, from each of 
these radiations which pass through it, it will 
absorb a quanti ty twen ty times greater per 
square centimetre. However, the to tal quantity 
of the whole beam of light absorbed will be the 
same, and the selec tive effect will be exactly 
the same. 

A light-filter may be placed (a) between the 
source of light and theobj ecttobephotographed; 
(b) between the obj ect and the lens of the 
camera, and in this case it is usually mounted 
on the lens ; (e) between the lenses 0 f the 
obj ective ; (d) between the lens and the sensitive 
plate, adj acent to the lens; (e) in front of the 
sensitive plate, almost in contact with it . 

Position (a), generally used in micrography, 
has sometimes been used for the three-colour 
reproduction of Autochromes. But it is difficult 
to imagine a studio glazed en tirely with ligh t
filters. 

Position (e) should be rejected on principle, 
except when using gelatine screens of negligible 
thickness, which can be placed against the iris 
diaphragm after unscrewing one of the com
ponents of the objective. Every filter of appre
ciable thickness, being equivalent to two-thirds 
of its thickness of air, would produce very nearly 
the same effect as if the separation of the com
ponents of the lens had been reduced by a 
third of the thickness of the filter. This would 
seriously interfere with the definition unless 
the filter formed an integral part of the lens 
and was placed in position, with due regard to 
its effec t, by the op tician. 

In addition to the fanciful argument to which 
we have done justice at the beginning of this 
paragraph, the fact that a filter, when used 
close to the sensitive plate , can be of mediocre 
op tical quality without disadvan tage, has been 
put forward in favour of position (e) . Unfor
tunately , any local defect in such a screen 
manifes ts itself on the image by a spot. Further, 

a "focal-plane filter" of indifferent quality is 
at least as expensive and immeasurably less 
workable than a "lens filter" of satisfactory 
quality, or, better still, a plain gelatine screen. 

The only two positions between which choice 
usually lies are therefore those in front of (b) 
or behind (d) the lens of the camera. 

In the circumstances usually met with in 
practice, a filter placed in front of the lens does 
not alter the focus, 1 which is a very appreciable 
advantage in the case of cameras with which 
the focussing is done on a graduated scale. 
On all other cameras this position of the fil ter 
lends itself most readily to taking on and off 
with the minimum of trouble. The filter can 
either be mounted in a ring, which is fitted over 
the lens like a cap, or provided with threads 
which allow of it being screwed on to the lens 
hood. In short , in all cases where the obj ect 
to be photographed is more than twice the focal 
length distant from the objective, this position 
is, in the case of thick filters, that which causes 
the least risk of introducing disturbing aberra
tions into the image.2 

122. Care of Light-filters. When not in use, 
all light-filters should be protected from the 
action of light, since the dyes with which they 
are made are not invariably unaffected by its 
prolonged action, and thus changes in their 
absorptive power may be caused in time. 

When cleaning filters cemented between plate 
glass, the same precautions should be observed 
as when cleaning photographic lenses. Further, 
water should never be allowed to come into 
contact with the edges, since any wetting of the 
gelatine film would cause the latter to swell and 
might cause deformation or even separation of 
the glasses. 

Plain gelatine filters3 should never be handled 
except by their edges or between fine tissue 

1 Vie are not considering here the particular case o f 
filters for use wit h Autochrom e plates, wh ich will be 
s tudied la t er. 

2 In commercial phot ographic work which calls for 
the use of a set of several light-fi lters, instead of fi t ting 
each filter in a separate metal mount, a n adapter is 
placed in front of or behind t he lens of t he cam er a , into 
which any fil ter can be fixed by m eans of a movable 
holder. If the lens is fi tted with Waterhouse stops it 
shou ld be possible to in troduce into t he opening for 
the stops a gela tine filter which has b een slipped between 
two thicknesses of thin blackened card , forming a 
diaphragm . 

3 After being cut ou t , gela tine fi lte rs can be protected 
by dipping in a cellu loid varn ish . T he filter should 
be held by a corner or by a point at t he circula r edge. 
After dra ining it should be p u t to dry. The operation 
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paper; any contact with the fingers invariably 
leaves fingermarks which cannot be removed 
and which seri;)Usly impair the definition. These 
screens must be protected from heat and damp, 
and when not in use should be kept between the 
leaves of a small notebook of white paper. 
When it is desired to cut out a circle of gelatine 
filter for fitting into a lens, breakage of the film 
can best be avoided by cutting it out between 
two pieces of strong paper , one of which has 
the circle to be cut out marked on it. As gelatine 
screens continually undergo slight expansions 
and contractions according as the air is more 
or less damp, they should never be fitted in to 
any kind of rigid frame. Lastly, gelatine filters 
should never be kept between plate gla~s unless 
cemented on both sides with Canada balsam 
(solution in xylene) . In this way multiplicity 
of reflecting surfaces and risks of tearing the 
gelatine will be avoided . 

122a. Polarizers. In a normal condition , 
light vibrations, perpendicular to the direction 
of propagation (§ 2), are scattered at random in 
all possible directions. Various conditions can 
polarize light, that is, preserve only the vibra
tions parallel to a given ptane, called plane of 
polariza tion. For instance, the light diffused by 
a blue sky is polarized, and this all the more 
completely as the sky is clearer. The light re
flected on a non-metallic surface is polarized, 
the polarization being maximum (without, how
ever , being complete) when the reflected rays 
a re perpendicular to the refracted ones (reflec
tion under an angle of 35° with the reflecting 
surface in the cases of glasses with a refractive 
index of 1'5). If the surface is transparent the 
refracted light is also polarized, and it is then 
possible to decrease the proportion of non
polarized ligh t by causing the light to pass 
through several thin plates under the same 
orientation. The light th at has passed under a 
given incidence a suitable assembly of double
refracting colourless crystals (Nicol or Glaze
brook prisms, made of Iceland spar) is to tally 
polarized. Light that has passed a double
reflecting crystall ine dichroic plate (tourmaline, 
Heraphathi te or iodosulphate of quinine) or a 
film holding in suspension a multi tude of 
double-refract ing, dichroic, ultramicroscopic 
cryst alline needles similarly orientated (luteo
cobaltic periodosulphate; E. H. Land, 1934) 

mu st then be repeated . the filte r being held by the 
opposite corn er or by the point a t the edge opposite 
to the first one. 

6- (T'S630 ) 

is, at least in a spectral interval comprising the 
great majority of visible rays, formed mainly of 
polarized ligh t. 

Polarized light remains polarized after reflec
tion on a polished surface, but it is de-polarized 
by diffusion on a matt surface or by passing 
through a ground glass . 

If two polarizers are placed one behind the 
other, the ligh t polarized by the first passes freely 
through the second if the planes 0 f polarization 
are parallel. It is totally extinguished if these 
planes are mutually perpendicular , and it is par
tially extinguished in all the in termed iate posi
tions, and to an increasing extent as the angle 
between the two planes approximates to a right 
angle. 

Some attempts had been made to utilize in 
photographic practice the particula r properties 
of polarized light, but these applicat ions were 
restricted by prohibitive cost and by the very 
narrow angle of field of effective polarizers. 
Very numerous practical applications have been 
made possible by the recent placing on the 
market of polarizing screens of fairly large 
dimensions, reasonable efficiency in the visible 
extent of the spectrum and accessible cost 
(Eastman Pola Screens, Land; Zeiss H erotar 
Screens, H erapath). 

The fact that these polarizers extinguish all 
components of vibration other than those 
orientated in the plane of polarization would, 
in the case of colourless polarizers, cause the 
exposure to be doubled. It has to be quadrupled 
owing to the grey-brown colou r of the polarizers 
used in photography. . 

For some purposes it is only necessary to use 
one polarizer , mounted on the lens. Others re
quire at least two polarizers, one on th e lens 
and one in front of each of the sources of ligh t 
illuminating the subj ect. 

By using one polarizer (the suitable orienta
tion of which must be found by examining the 
image on the ground glass screen of the camera 
while turning the polarizer on itself in its own 
plane), it is possible at will to decrease the 
luminosity of a blue sky without modifying th e 
brilliance of other parts of the subj ect , and to 
decrease very considerably refl ections on all 
brilliant non-metallic surfaces (glassware, water, 
earthenware, lacquered m etal and other var
nished objects) by directing the axis of the lens 
at an angle of about 35° to the surface to be 
photographed, thus causing to appear objects 
placed behind this (transparent) surface (Figs. 
90A and 90B) or the actual texture of the subj ect. 

• 
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By photographing through a polarizer a num
ber of obj ects illuminated by polarized light one 
decreases at will the reflections on all brilliant 
surfaces (including metals) , whatever their posi
tions may be. These reflect ions can even be 
totally extinguished if the planes of. polarization 
are crossed ;l this orientation is that especially 
adopted for the photography of varnished paint
ings or of all documents under glass." 

123. Prisms and Mirrors. W e will consider 
here only the inaccurately named total-reflec
tion prisms and the mirrors (at an angle of 450

) 

as used in commercial photography. They are 
employed either for obtaining a picture the 
right way round direct (with certain methods of 
printing, reversed pictures would otherwise be 
obtained), or for the photography of ceilings, 
articles arranged on a horizontal table (jewels, 
natural history specimens) , and, more particu
larly, for immersed objects. 

The ideal reflector is a metal mirror, but 
unfortunately such articles are very costly ; 
in their place, optically worked glass mirrors, 
which are silvered on the surface, are employed, 
it being possible to protect the silver, to a 
certain extent, by a very thin coat of celluloid 
varnish.3 

A mirror has the following advantages over 
a prism: It absorbs less light; does not cause 
the slightest aberration, and does not limit the 
angle of view as does a prism. On the other 
hand, a mirror possesses the disadvantage of 
being extremely fragile in so far as the reflecting 
surface is easily damaged .' 

The one advantage of a prism is the perfect 
stability of the silvering, which is applied 
externally on the hypotenuse (and which ex
cludes all possibility of total reflection) without 

1 On the other hand it is p ossible t o exaggerate these 
reflect ions if the polarization planes are parallel, the 
depolarized light diffused by the non-reflecting surfaces 
bein g then reduced in the proportion 2 : I relatively 
t o the pola rized light of the reflections. 

, This sam e orientation permits the contrast s t o be 
increased t o a higher degree in th e photography of docu
ments on matt or granular paper than that of a glazed 
print, the structure of the paper being at the same 
time eliminated owing to the extinction of all light 
refl ect ed b y the rough surface. 

3 Ordi nary mirrors which are silvered o n the back 
give rise to double images, except those of very distant 
objects . In optical instruments there is an increasing 
tendency to substitute for th e chclnical silvering of 
glass a deposit of a lu minium obtained by sublimation. 

4. The silvering on an unvarnished mirror will not 
adhere to the glass when damp. F or periodical cleaning 
and re-polishing care should be taken to dry the mirror, 
the cloth, and the polishing rouge (optical quality) 
by warming . 

• 

risk of any doubled image. Prisms, however, 
do not permit of an angle of field greater than 
about 300 being used without other reflections 
creeping in. The definition is often slightly 
inferior at the margins of the field from aberra
tions, which are the same as for a cube of glass 
with the side equal to the length of one side of 
the prism. 

Both prisms and mirrors are best mounted 
behind the camera lens, the mounting being on 
a small board which is interchangeable with the 

, , 
/ / 

S, 1 
R 

1 
1 

A 1 B 
D 1 , , -- / 1 
1 

, , , , , , , 1 , , 
1 

, 
, , , , / , :, , , 

l 
, , , 

....... 
/ ' 

, , , , 

'" , , , 
" - F I G. 9 'B. CONE 

FIG. 9'A. ACTION OF PATTE RN OF 

LENS H OO D LENS H OOD 

lens board. The reflecting surface should be 
turned to make an angle of 45 ° with the optical 
axis of the lens, in such a plane that, after 
reflection, the optical axis is either horizontal 
or vertical, according to the work in hand. 1 This 
adjustment is only possible after repeated trials 
with the reflector mounted between the lens 
and the object to be photographed . Ordinary 
mirrors have occasionally been used, in the 
absence of a wide-angle lens, for the photography 
of interiors. In this way the effec tive optical 
distance between the object and the camera 
can be doubled, but in the case of brightly 
illuminated or reflect ing obj ects the definition 
usually suffers from doubling of the lines, etc . 2 

124. Lens Hoods. Any light reflected in the 
lens (§ 57) or which is scattered in the camera 

1 In som e coin-operated a utoma tic photographic 
machines, b reaking the optical axis a t a right angle is 
avoid ed by p lacing the hypotenu se face of the prism 
pa rallel t o the optical axis (Amici mounting); the a ngle 
of field is then s till less extensive tha n in a normal 
Inounting. 

:1: Surface-silvered mirrors have also been used in 
the constru ction o f cameras which are d~s igned to 
accommodate lenses of great focal length, so reducing 
the bulk of such cameras. In such cases, the part 
played by the mirrors may b e compared with that of 
the prisms in prismatic binoculars for long-distance 
observation. 

• 
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and distributed more or less uniformly over the 
image necessarily lessens the contrasts and t ends 
to veil the shadow detail. Scattering of appreci
able quanti t ies of light can usually be traced to 
two causes. 

In the first place, small defects in the polish 
of the lenses and moisture or dust on their 
surfaces uniformly diffuse a certain proport ion 
of the light which should go towards the forma
t ion of the latent image . Moreover, if the sun, 
though not necessarily included in the angle or 
view, is shining on the fron t of the lens, any 
defects on the surface of this lens (or on any 
accessory such as a sup)Jlemen tary lens or 
colour filter which is placed in front of the lens) 
will cause a considerable quantity of light to 
diffuse into the camera . The same effect is 
produced, although to a smaller extent , when
ever a photograph is taken in the open air, since 
the lens receives light from all parts of the sky, 
apart from that in the angle of view. 

In the second place, the field illuminated 
by a lens (§ 55), already considerably greater 
than the field which is sharply covered, is 
naturally very much larger than the portion 
of field utilized. Any rays of light outside the 
useful field strike the interior walls of the 
camera, and these latter , even if matt black, 
always scatter an appreciable fraction towards 
the plate. 1 

A lens hood is used to eliminate, or a t least 
to diminish, the various causes of the incidence 
of stray light on the plate, by protecting the 
glasses of the lens from light coming from above 
and by intercepting as far as possible any light 
that the Jens would transmit to the sides of the 
camera . The use of this accessory may be said 
to be necessary for all out-door photography, 
especially for photographs t aken against the 
light , and it is also of considerable advantage 
when working in a glazed studio. 

It should be pointed out that of two lens 
hoods, each shading the lens to an equal extent, 
the one farther from the lens will be the more 
efficacious from the point of view of protection 

I Fro m this point of view , the pleated b ellows used 
on the majority of focussing cameras are certainly 
better tha n those o f soft s tret ched lea t her, emp loyed 
wit h certa in folding cameras. B ut the only really 
effi c ient 11lcans of protection , which is v ery di fficult 
to apply to fold ing cameras and cameras w hich are 
fi tted with lens movements (ris ing or cross fro nts). 
consists in placing a series of diaphragms of progres
s ively increasing aperture betw een the lens a nd the 
plate, such as those fixed in cameras for aerial photo
graphy, which a re fit ted with very long focus lenses, of 
which on ly a small fraction of the fi eld is used. 

• 

from the sun. Thus, in Fig. 9IA, the two opaque 
screens AB and CD both shield the lens from 
the ray R, but only AB, that is, the one farther 
from the optical axis, entirely protects the front 
lens from the direc t rays of the sun in the 
direction 5. 1 

Unless the lens hood is adjustable, i t is not 
possible to confine the admission of light strictly 
to the beams received by the sensitive film, for 
if the lens be decentred, it will no longer cover 
the plate completely. 

One of the best lens hoods would undoub tedly 
be a shade such as AB, hinged at A as high as 
possible, in such a way that the edge B can be 
raised or lowered to the limit of the field desired 
(B. T . J. Glover, 1920). Light from the sides 
is shielded by two small flexible curtains shown 
by do t ted lines in Fig. 9IA. In practice, one is 
usually confined to fitting on to the lens either 
a lens hood, represented in section by an 
obliquely truncated cone (Fig. 91B) , or a cylin
drical tube 2 with the end cut obliquely, which 
is slipped on to the lens, more or less, according 
as the lens is decent red or not. Before making 
a lens hood of any sort , it is best to make 
several trials with stout paper, so as to be 
certain that the lens hood does not cut the 
angle of view. 3 

I It has been stat ed (C. P uyo, 1906) that for a lens 
hood to be effective in a ll cases, i. e. t o protect the lens 
fron~ the sun , whatever its position outside the angle 
of View, t he lens hood should be extended to infini ty 
alo ng the bound ing line R , a condition w hich is ob
viously impracti cable. H owever, the farther the lens 
hood is placed from the optical axis, the more efficien t 
it will be, and will rem ain effe ctive as the Sun ap
pro"ches the limiting line R . 

2 In this connection, the fo llowing methods of mak ing 
such a t ll be are s uggested: B lack felt (ta ken from an 
o ld hat) fas t ened ro und t he lens with press-bu tto ns; 
leather-cloth , kept in p lace with a strong rubber band; 
narrow strips of wood glu ed on to a s leeve of black 
linen in the manner of the cover of a roll-top des k. 
As made on any of these lines, a lens hood can be folded 
fl a t when not in usc. 

3 If the lens hood is made with a rectangular aperture 
para llel t o the sensit ive plate, the dimensions of t he 
opening can be calculated from the formu lae 

D D 
l = d + L - h =d+ H -E E 

where I a nd h represent t he length a nd heigh t of t he 
opening, L and H, the correspond ing d imensions of 
the sensitive pla te , d t he dia meter of t he effective aper
ture, E the extension of the camera , and D the di stance 
between the rectangular opening and t he optical centre 
of t he lens (or t he d iaphragm approximate ly ). If the 
lens is raised by the amount e, the hood must be raised 

in the same dire,ction by the amount e( I + ~) , both 

being measured from the centre of the format of the 
• lmage, 
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On studio cameras the lens hood is usually 
formed by a piece of black cloth (extension of 
the focussing cloth), supported in front of the 
camera by a removable metal frame; or the 
hood may take the form of a bellows connecting 
the lens front with an open-front frame, as 
used for the reproduction of transparencies. 

125. Sky Shades. Landscape photography is 
simplified if the brilliancy of the sky and dis
tance can be somewhat reduced without dimin
ishing the intensity of the image of the ground 

.--
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FIG. 93 . SKY SHADE 

ON LEN S F RONT 

or foreground. The desired effect can usually 
be obtained by the use of a yellow filter in 
conjunction with an orthochromatic emulsion, 
but unfortunately the use of orthochromatic 
plates is not yet general. For this reason 
various procedures have been tried which can 
be used by themselves to lessen the contrast 
between the sky and the foreground, or to 
supplement the use of orthochromatic plates or 
films. 

An old device for this purpose (W. J. R ead, 
r858) is an oblique diaphragm (Fig. 92), which 
was placed approximately at right angles to 
rays coming from the foreground, but which 
progressively reduced the light coming from the 
horizon or sky . 

A device which allows of many variations 
consists in fixing an opaque screen with a 
serrated lower edge at some distance in front 
of the lens (Woodbury, r 885). The shape of the 
notched edge can be easily modified as required 
by making use of a screen consisting of a number 
of adjacent strips sliding in a suitable mount. 
A screen which is easily made is that shown in 
Fig. 93 (Busch, r908). By rotation of the fixing 
ring on the lens mount and of the blade on the 
pivot, the serrated edge can be fixed at various 
distances from the optical axis or inclined at 
any angle, the effect produced being controlled 
by examination of the picture on the focussing 
screen. 

The most usual form of commercial sky shade 

is that suggested by E. Joly in r892, and con
sists of a uniformly graduated filter of gelatine 
or glass, usually of a yellow colour, which can 
be used as an orthochromatic filter when occa
sion arises. Such sky filters are made in the 
shape of a long rectangle, which is carried in a 
mount, allowing it to be raised or lowered 
according to the effect desired. The shorter 
side of the rectangle should be wide enough to 
cover the lens when placed at a short distance 
from it, even when the longer side of the picture 
.is horizontal. The farther these screens are 
placed from the lens, the greater is their effect. 
In the extreme position, i.e. if they could be 
placed in the plane of the diaphragm, their only 
effect would be a uniform absorption of a certain 
proportion of the light without any difference 
between the sky and the rest of the picture. 
The effect of a filter such as AB depends upon 
its differential absorbing capacity, which be
comes greater as the aperture of the lens is 
reduced and the distance between the lens and 
the screen is increased (Fig. 94). The same 
results would obviously be obtained by placing 
a screen inside the camera (in the position shown 
by A'B'), but it is then difficult to adjust to 
its best position. In practice, equivalent results 
can be obtained by the use of a sky filter, one 
half of which is uniformly coloured and the rest 
plain, the only condition being that it must be 
used slightly nearer the lens, such as the position 
CD. Such an arrangement even allows the 
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FIG. 94. ACTION OF GRADATED LIGHT-FILTER 

exposure to be shortened, especially when using 
a non-orthochromatic plate. 1 

It should be pointed out that in many cases 
the moderate use of these accessories distinctly 
improves the rendering of skies ; any exaggera
tion of the effect should be avoided, since the 
sky takes on an unnatural aspect, suggesting 
that its colour near the zenith is a deep indigo. 

1 Opaque or neutral grey sky shades and polarizers 
(§ 122a) are the only ones suitable for decreasing the 
brilliancy of the sky in colour photography. 

• 
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Such photographs of clouds can h ave no v alue 
whatever as meteorological records. 

126. Soft-focus Attachments. In passing. 
mention may be made of the relatively recent 
appearance of devices, which, when used with 
a perfectly correc ted lens, introduce slight 
softening of the definition wi thou t a ltering the 
focal length or the position of the image. 

In particular, the use of a piece of glass with 
plane and parallel faces, one of which is slightly 
grooved, has been suggested (Lenhard, r 890). 
These grooves superimpose a blurred image on 
to the sharp image transmitted through their 
interstices. If the grooves occur only on the 

extreme margins of the glass , the closing of the 
diaphragm will sharpen the defini tion, since 
only the central plane-parallel portion of the 
glass is used. 

The use h as also been suggested of a kind of 
comb with long triangular teeth cut from colour
less embossed celluloid (Misonne, I 932) arranged 
to slide so as to cover at will a more or less 
extensive portion of each bundle of rays, or of 
a plate with plane and parallel faces which is 
constructed by assembling two lenses, a plano
convex and a plano-concave, of glasses of about 
t he same refractivity but widely different dis
persive powers, thus introducing chromatic 
aberrations into the picture. 

• 



CHAPTER XII 

SHUTTERS 

127. Preliminary Remarks. Although in the 
earliest days of photography the word shutter 
was used t o signify the cap of a lens, and then 
at a later date the different arrangements (flaps, 
etc.) worked directly by hand, the word is now 
used to describe any mechanism by means of 
which light can be allowed to pass through an 
aper ture during a certain definite time. 1 Except 
for very special applications, the question of a 
special shutter never arose until the advent of 
very sensitive photographic emulsions and very 
large-aperture objectives, since it was unneces
sary as long as exposures required t o give a 
good image were of the order of a minute. 

Certain shutters of very simple mechanism , 
the motive power of which is obtained from air 
compressed by squeezing a rubber bulb or by 
the pressure of a finger on a trigger, work auto
matically a t each pressure without the necessity 

. of any special preliminary operat ion (Everset 
shutters) . But in the case of shut ters controlled 
by springs, and these are the only ones which 
allow light t o pass for a very short time, the 
driving springs must be set every time an 
exposure is to be made. 

I28. Different Positions for the Shutter. If 
we consider the luminous beam which, after 
passing through a lens, forms an image in the 
plane PP, we see at once that t he cross-section 
of the beam taken as a whole is smallest at the 
diaphragm DD (this is actually the aperture of 
the diaphragm), and that on the other hand 
each beam . considered separately, has its 
minimum sect ion in the actual plane of the 
sharp .image. 

The velocity of the moving parts of a shutter 
being limited according as these parts start from 
rest and stop as soon as the aperture is closed 
again (excepting some special types of shutter 
fo r aerial photography), i t is obviously of im
portance, in considering very short exposures, t o 
uncover successively the diffe rent beams where 
they have the least section, e.g. by placing an 
opaque screen pierced by a narrow slit which 
can sweep over the whole surface of the image, 
as near as possible to the image in the position 
indicated by (I) in Fig. 95 . 

1 Note t hat it is customary to designate the time of 
admission of t he light by the unsuitable word" sp eed ." 
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In using such a focal -plane shutter we must 
distinguish between the local time of exposure, 
which is the duration of the admission of each 
of the beams,l and the total time of exposure. 
t his being the t ime t aken for the slit t o m ove 
across the whole of the image (the direction of 
movement is generally chosen parallel to the 
short sides). During the total exposure the 
rela tive positions of the camera and the subject 
may change, and if this happens the different 
parts of t he image will not correspond t o one 
and the same phase of the movement. It will 
be seen in studying this t ype of shutter that the 
image deformations which result are generally 
negligible, except in cases of extremely rapid 
movement of the object or the camera . In such 
cases neither will any other of the usual types 
of shutters give a sharp image. 

For exposures of one-hundredth of a second or 
more, it is generally better to allow the different 
beams used in the formation of the image to 
enter the camera simultaneously , and it is 
therefore better t o place the shutter in the 
immediate neighbourhood of the diaphragm, as 
at (3), in such a way as t o allow the construction 
of the most compact shu tters. As the local 
exposure time is here the same as the total time, 
a sharp image will not be deformed , and the 
exposure received at each point of the sensitive 
film will be roughly proportional to t he illumina
tion at that point if there were no shutter. 

For reasons of convenience (easy adaptation 
of a shutter to any lens and any camera without 
having it specially fitted, greatest liberty in the 
choice of mechanisms, which can thus be of 
extreme simplicity, etc.) , the shutter is some
times placed at other places than those indicated 
above , behind , or in front of the objective in 
one of the positions (2) or (4). In these positions 
the shutter suffers from the disadvantages of 
both the focal-plane shutter and the diaphragm 
shutter. The local exposure time is no longer 
equal to the total exposure, whence arises t he 
possibility of the deformation of a sharp image 
(the ri sk of this, however, is considerably less 
than with the focal-plane shutter) and the risk 

1 The local exposure t ime generally varies from one 
edge of the image to the other, since t he velocity of 
the shu tter slit is scarcely ever uniform . 



• 

88 PHOTOGRAPHY: THEORY AND PRACTICE 

of inequality in the local exposure times (some
times done purposely in photographing a land
scape in order to decrease the exposure of the 
sky) . 

Since the size of the uncovering aperture 
should be considerably greater than the dia
phragm, especially when the angle of view is 
large and the shutter is some distance from the 
lens, the exposure time for eq ual velocity of the 
moving parts of the shutter will be necessarily 
greater, and particularly the initial and final 
periods, during which the shutter is not com
pletely open, become of considerable importance 
in regard to the efficiency of the shutter (§ 129), 
and the sharpness of the images. A shutter 
placed elsewhere than at the diaphragm should 
not open from the centre, since, whilst it is 
partly open it intercepts the oblique beams 

, (4) 

I 
I 

I 
I 

I 
I 

I 

129, Efficiency of a Shutter. Except in the 
case of a shutter working in the plane of the 
image, a shutter always takes a certain time to 
reach its maximum aperture, after which it 
remains fully open until it begins, in a similar 
way, to close gradually. This characteristic 
will be underst ood by studying Fig. 96, which 
is traced from a cinematograph film and repre
sents the complete action of a diaphragm 
shutter (P. G. Nutting, 1916). The time of 
exposure of each of the images is I /30,000th 
second, the interval between two successive 
images corresponding to I / I,oooth second. When 
the shutter (quite a good one of its type) is 
set for an exposure of I / IOOth second it takes 
about 4/ I,000th second to open; it remains at 
its maximum aperture during another 4/ I,000th 
second and takes a further 3/I,000th second t o 

p 
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FIG. 95. P OSITIO NS ( r, 2 , 3, AND 4) FOR OPERATI O N OF S H U TTE R 

whilst allowing all or part of those only sligh tly 
inclined to the axis to pass through, thus 
exaggerating the differences of illumination 
between the centre and the edges of the image 
(§ 54). If, however, the shutter begins to open 
from one edge and closes when at the opposite 
edge (e.g. by the movement of an opaque screen 
containing a rectangular aperture) , a t the 
beginning and the end of exposure, the image 
will be formed solely by the portions of 
each beam traversing the diaphragm in the 
peripheral region . Since the rays which pass 
through the outer zones of a lens are always 
those which have the greatest aberrations, the 
image will necessarily lose a certain amount of 
its sharpness if the time during which the shutter 
is incompletely open represents an appreciable 
fraction of the total exposure time. 

Very fortunately these different drawbacks 
only occur to any great extent when the shutter 
is at a considerable distance from the lens. 
Certain of these shutters working quite near the 
lens give satisfactory results when they are not 
required for shorter times than I /25 second; 
they are quite suitable for portraits or landscape 
photograph y, 

close, making a total exposure t ime of about 
n /I,oooth second . 

A moving obj ect, brightly illuminated, at 
least over part of its visible surface, can act on 
the photographic emulsion during almost the 
total time that the shutter is working, say 
during I / Iooth second. But the illumination 
received by the sensitive film will be very far 
from representing I /TOoth of the exposure that 
it would receive during one second, supposing 
that the times taken for the actual opening and 
closing are negligible. Thus, in photographing 
a moving obj ect, the disadvantage of an ex
posure of I / I ooth second in giving bllUTing of 
the image is not entirely compensated by the 
full benefit of an exposure of this duration for 
the shadow details. 

By a simple method we can determine with 
a sufficiently close approximation the quantity 
of light transmitted by a shutter during its 
complete working as represented above, relative 
to that which would be transmitted during the 
same time if the shutter were fully open. We 
trace on a card of uniform thickness on any 
suitable magnified scale the successive limits to 
the beam transmitted by the shutter, and after 
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cutting out each of the shapes so obtained such 
as those in Fig. 96, we .can weigh the eleven 
pieces together and also the one piece repre
senting the full aperture. Suppose it were found 
that the eleven separate pieces t ogether weighed 
4.66 grm. and that the single piece representing 
full aperture weighed 0'71 grm., then, since the 
weights may be considered as proportional t o the 
surfaces, the ratio 4.66/(0'71 X II ) = 0·6 mea
sures the quantity of light passing through the 
shutter, t aking as unity the quantity which 
would traverse it in the same time if the shutter 
were fully open the whole time. 

The efficiency of a shutter is the ratio of the 
quantity of light effectively transmitted by the 
shutter during the local time of exposure t o the 
quantity of light which would have passed 
through the full aperture of the lens in the same 

section of each beam, in any plane whatever, 
is reduced proportionally, and, even supposing 
that the shutter does begin to close as soon as 
it has finished opening, it will still have trans
mitted the complete reduced beam during a 
certain definite time. Thus it can be seen that, 
except in the case of a shutter working in the 
plane of the image (for which the efficiency is 
unity), the efficiency of a shutter increases 
when the exposure is increased and when the 
working aperture of the lens is reduced. Thus 
it is obviously the minimum efficiency of a 
shutter which characterizes it best, since the 
question of efficiency is of special importance 
when the exposures are very short and are thus 
being made with the full aperture of the objec
tive. 

Under conditions of working of a shutter of 

, • 

FIG. 96. OPENING AND C LOS ING OF DIAPHRAGM S HUTTE R 

time. Or a nother way of expressing it is to say, 
that the efficiency is the ratio of the time which 
would be necessary to transmit through the full 
aperture the same quantity of light as is effec
tive in the local exposure to the time of the local 
exposure itself . 

As the local exposure time is generally limited 
to a maximum depending on the speed of the 
images of the moving obj ects included in the 
field, and is only just sufficient to obtain a 
photograph in correc t t one values, a shutter 
should be considered as more nearly perfect 
the more nearly that its efficiency approaches 
unity, all other conditions being the same. 

It should be noted that as far as we have 
considered, the efficiency of a shutter varies 
both with the exposure time and with the 
dimensions of the effective aperture. At the 
shortest exposures which can be given by some 
shutters, the section of the transmitted beam 
s tarts to decrease as soon as it has ceased 
increasing, being only momentarily at full 
aperture. On t he other hand, at relatively long 
exposures the times taken by the shutter in 
opening and closing are very much the same as 
in very short exposures, the difference of time 
in the exposure being due almost entirely to 
the increased period at full aperture. When the 
diameter of the diaphragm is reduced, the 

which the movement is described by Fig. 96, 
the efficiency would be called 0·60, or, more 
generally, 60 per cent. 

I 30. Desirable Characteristics of a Shutter. 
These are somewhat numerous, and are rarely 
found combined in a single instrument. 

A shutter should act without appreciable lag 
the moment that it is released; it should work 
without appreciable vibration so as not to 
impair the sharpness of the image, 1 and without 
rebounding at the moment of closing (which 
would give a parasite image of the brightest 
parts of the subj ect ). In cases where the lens 
is used for portraiture it is very ad van tageous 
that the shutter should work silently ; it ought 
not to limit the useful field even when the lens 
is considerably out of centre, nor limit the effec
tive aperture of the lens. It ought to work 
equally well when used in different positions; 
it should be light, compact, and strong; ' its 
efficiency should be as great as possible. When 
used on an instrument in which the sensitive 

1 In order to cure this defect it has been suggested 
that the shutter should be m ounted on a flexible shaft 
joining the camera to the lens, the latter being carried 
by a metal framework which connects it rigidly to' the 
camera. 

2 It is spec ia lly desirable t hat the regulation of the 
exposure time can b e effect ed after the shutter has 
been set, without risk of deranging the mechanism . 
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surface remains otherwise uncovered (such as 
magazine cameras, or studio cameras with 
repeating backs) it should not open during 
setting. Lastly, it ought to give a reasonable 
range of exposures which are very nearly con
stant and correctly stated. 

This last condition is certainly one of those 
the non-fulfilment of which leads to most serious 
mistakes. No shutter gives constant exposures 
over a period of years, for even when not being 
used it is impossible to prevent the steel of the 
springs from undergoing changes,l but over a 
period of several days the exposure time should 
be the same at the same setting, and especially 
should this be the case when the shutter is 
used several times in succession, a characteristic, 
however, which does not always hold. Failure 
to fulfil this condition is particularly frequent 
in shutters in which the regulation of the 
exposure is done by a friction brake, like a 
shoe-brake of carriages, the effect of which is 
very variable with the temperature and the 
hygrometric state of the air. On the other hand, 
regulation by means of an air-brake gives 
sufficiently constant results, provided the com
pression cylinder is not worn or clogged with 
dust. 

The numerical indication of the times of 
exposure corresponding to different settings of 
the shutter is very often far from the truth. 
It may be generally said that for times less than 
1/5 second the times indicated are appreciably 
less than the real times. This, however, may be 
arranged purposely to allow for the fact that 
amateurs, even with exposure times greater 
than they think they are using, still take a large 
proportion of under-exposed negatives. In other 
cases there is no simple relation between the 
times given and the actual ones. With certain 
cheap shutters, times indicated as I /soth and 
I / IOOth second both correspond to the same 
actual times of about I /zsth second, whilst 
sometimes on the same shutter the exposure 
marked as the shortest is longer than one of the 
others indicated as relatively long. In the case 
of certain rare types of shutter where the times 
of operation are fairly correctly indicated (some 
latitude is obviously necessary in the adjustment 
in construction) for the shortest and longest 
exposures, the indications are often inexact in 

1 A shutter should nev er be kept set in the intervals 
between use. If the regulation of the speed is effected 
by the tension of the driving springs, they should never 
be left stretched longer than is necessary. Care should 
be taken never to grease any part of a shutter, especially 
the brakes. 

the neighbourhood of I /zsth second, since the 
variations of exposure may be relatively large 
for a very small variation in the adjustment. 

Several good makers prefer to replace the 
graduation in actual exposure times by a series 
of numbered marks, at the same time indicating 
approximately the exposure corresponding to 
each of these numbers. 

To cover usefully a given range of times 1 with 
the smallest number of different exposures, it is 
best to have a series of exposures in geometrical 
progressio:1 (preferably each one double the 
preceding one). 

Exposures greater than a second are not 
generally made automatically, largely because 
for focussing it is necessary to keep the shutter 
open for some time. By moving an index on 
the outside of the shutter the coupling of the 
mechanism is changed, and the continuous 
working of the shutter becomes discontinuous; 
a first operation of the release opens the shutter, 
which remains open until the release is again 
pressed. 

According as to whether the release must be 
kept pressed down during the whole exposure, 
or whether it can be released as soon as the 
shutter is opened and be pressed again for 
closing, we say that the shutter gives bulb 
exposures or time exposures. On many shutters 
the positions of the index corresponding respec
tively to these two methods of working are 
arbitrarily indicated by the letters Band T, 
the first letters of the words bulb and time. On 
others which only allow time exposures the 
positions are denoted by T and I, standing 
for time and instantaneous, this latter word 
being used to denote all exposures less than 
one-tenth of a second. 2 

13I. Summarized Description of Some Types 
of Shutter. The number of different types of 
shutter which exists is far too great for them 
to be described here; it will, however, be possible 
to indicate the chief peculiarities of some 
characteristic types, chosen for preference from 
those most commonly used. 

As far as possible in the descriptions which 

1 It would be a very good thing if makers of shutters 
indicated clearly in their catalogues the dimensions of 
each instrument; this would allow one to choose from 
a series the one which suited a given lens . A number 
of catalogues denote the different shutters of a given 
series by the size of the image which is supposed 
to correspond to them, a piece of information as valu
able as is the captain 's age in a nautical calculation l 

, On German shutters the letters B.T.I. are replaced 
respectively by 0 (Offen), Z (Zeit), and M (Moment) . 

• 
• 
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follow, the historical order will be taken, so that 
the reader may be able to follow the evolution 
of the shutter, and to compare it with the 
progress of photographic technique. 

132. Simple Drop Shutter. In its simplest 
form, the guillotine, or drop, consists of an 
opaque screen (having a cut-out portion at least 
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FIG. 98 . ROTARY SHUTTER 

equal in size to that of the aperture to be 
uncovered), falling under its own weight or 
helped by some kind of spring which causes it 
to pass rapidly before the lens (Fig. 97). Such 
an arrangement was used in 1845 by Fizeau and 
Foucault for photographing the sun, but it was 
about 1855, after the introduction of the wet 
collodion process, that it was generally em
ployed, first in the form of a very clumsy 
arrangement fixed to the lens hood, the velocity 
of fall becoming less according as the slope of 
the frame in which it was mounted was less. 
It afterwards appeared in the form of a metal 
plate passing between the lenses of the objective 
and helped by an elastic band (J amin, 1862). 

Between these times (1858) the real guillotine 
or rectangular guillotine had been replaced by 
a circular one (Fig. 98), much less clumsy, in 
which the old movement (which, geometrically 
speaking, is a rotation around an axis a t an 
infini te distance away) was replaced by a rota
tion around an axis situated a short distance 
from the circumference of the mounting, the 
cut-out sector being used either in front of the 
lens hood or in the immediate neighbourhood 
of the diaphragm. The opaque screen may, 

however, be reduced to a single opaque sector, 
making a complete revolution each time . 

The opening was originally a circle of the 
same diameter as the aperture to be uncovered, 
but in 1880 J oubin showed the advantage of 
having an opening of which the edges actually 
responsible for the opening and closing were 
straight . 

The efficiency of the guillotine type of shutter 
for different shapes of the opening was studied 
by J Demaryay (1891), whose conclusions are 
given below. 

In the case of guillotines having a rectilinear 
movement and openings of one of the forms 
A, E, or C (Fig. 99), the efficiency for differ
ent relative proportions of the height a of the 
opening to the diameter d of the aperture will 
be expressed by the values given in the following 
table, assuming the screen in the plane of the 
diaphragm, and given a uniform movement. 

R elation between F orm of opening 

a and d 
A B C 

a = d 0'50 0'4 2 0'57 
a = 2d 0·66 0 ·62 0'7' 
a = 3d 0'75 0 '7 ' 0'78 
a = 4d 0·80 0'77 0·83 

" n - o· 15 n + o· 14 
a = nd ,, + , ,, + , n + , 

. 

The opening with convex edges (form C) 
gives a greater efficiency, but gives predomin
ance to the influence of the marginal rays; the 
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FIG. 99. EFFI CI ENC Y O F DROP SH UTTERS 

opening with rectilinear sides is preferable. 
Considering specially this latter case, it is easy 
to trace the effect of the length of the opening 
on the efficiency. In Fig. 100, where distances 
measured from A along the line AD are pro
portional to the time from the instant when the 
aperture begins to be uncovered , and where 
distances along AE are proportional to the 
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areas of the aperture uncovered, the curve AGH 
corresponds with the opening period and ]KD 
with the closing period of the aperture, whilst 
the stra ight line H] gives the time during which 
the aperture is fully uncovered. The effi ciency 
is equal to the ratio of the t otal shaded areas to 
the rec tangle ABCD. In the case of a uniform 
movement the curves AGH and ]KD are sym
metrical about their mid-points G and K. 
The area of each of the curved triangles AHL 
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and M]D is therefore equal to that of the 
rectangles A'B'HL and M]C'D'. The efficiency 
is thus the ra tio of the areas of the rectangles 
A'B'C'D' and ABCD. It will be readily seen 
tha t the efficiency becomes greater as the dis
tance LM (determining the duration of full 
aperture) increases. 

If, as in almost all shutters of this type, the 
velocity is not uniform, the efficiency decreases 
as the difference between the extreme velocities 
gets greater. In the case of a movement having 
a uniform acceleration (a shutter falling freely), 
he values of the efficiencies of a drop shutter 
with rectilinear edges fall respectively t o 0'38 
for a = d, and to 0'49 for a = zd. 

The considerable increase in the effi ciency 
which is brought about by increasing the length 
of the opening is unfortunately accompanied by 
a still more rapid increase in the time of ex
posure, since the actual velocity of the shutter 
cannot be made very much greater than about 
z metres a second. 

These numerical values hold also in the case 
of guillotine shutters having a rotating move
ment about a centre coinciding with the apex 
of the angle of the sector opening. 1 In all other 
cases the efficiency increases as the apex is 

1 The efficiency of g uillotine shutters, espccially 
those having a rotating movement and the opening in 
which cannot be appreciably increased without taking 
u p too much space, may be made greater b y an arrange· 
m ent of brakes acting on t he shutter o nly during the 
time that the lens is co mplet ely uncovered . 

• 

nearer to the diaphragm and the pivot farther 
away from it. 

The rotating guillotine shutters of Lancaster 
(Fig. I OI) and Bertsch (Fig. I OZ) , with effi 
ciencies of 0'50 and 0'70 were used considerably 
at one time, but t hey gave exposure times much 
longer than those usually required in practice. 

There should also be included in this category 
rectilinear or rotating guillotine shutters in 
which the moving part returns to its original 
position at the end of the exposure. If this type 
of shutter is used in front of, or behind, the lens, 
it gives one region of the plate a longer exposure 
than another. This fac t has been made use of 
in landscape photography, the shutter being 
placed on the lens hood and opening from the 
bottom under the action of compressed air from 
a rubber bulb, and falling again under its own 
weight. 

133. RoUer-blind Shutters. A variation of 
the drop or guillotine shutter is the roller· blind 
shutter, which is often used in a great number 
of portable cameras. The shutter consists of a 
flexible blind wound on rollers at each side of 
the aperture (Fig. I03). This shu tter, the use 
of which appears t o have been first suggested 
by R elandin in 1855, was developed to its present 
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form by Kershaw. It is always used either in 
front or behind the lens, the latter position being 
more convenient and one which facilita tes 
changing the lens without changing the shutter. 

A perfectly opaque blind 1 of rubberized 
cloth is made of two bands in line with one 
another, and joined a t their edges by bands in 
such a way as to leave between them an opening 

1 vVhen, after mu ch use or because of an accident, 
a hole appears in thc blind, this may be mended by 
sticking on a piece of the same cloth by means of ru bber 
solution; too many patches would prevent thc blind 
from running easily, and in that case it is better to fit 
a new one . 



SHUTTERS 93 

the height of which is usually one and a half 
times its width. This blind, which may be 
regarded as a single one with central opening, 
is wound at its lower edge on a roller containing 
a spring inside. To set the shutter the blind 
is wound on to the upper roller , either by pulling 
a small cord 1 which is wound round a grooved 
pulley forming part of the roller, or by means of 
a small key projecting laterally from the roller. 

The t ension of the driving spring may be 
changed by means of a milled head sit uated at 
the lower part . 2 When this head is turned a 
dial is engaged on which is indicated approxi
mately the corresponding time of exposure (for 
a shutter of about zt in. opening. the exposures 
usually vary from r / rsth to r /zo th second, the 
speed scale indicat ing exposures spaced from 
r / roth to r /soth second). The spring should 
never be left in tension when the camera is not 
being used. In order to release it , lower the 
spring catch, at the same time braking the milled 
winding pinion with the fingers, so as to prevent 
the spring from running down too violently. 

A side lever can be moved to one of two 
positions, one corresponding to a continuous 
unwinding of the blind. At its other position 
the blind is stopped halfway during the whole 
time that pressure is maintained on the shutter 
release. 

Several of this type of shutter have been fitted 
with an auxiliary blind used to cover the aper
ture while the main blind is being set, but this 
is not generally done. 

The efficiency of this shutter is independent 
of the degree of tension of the spring and is the 
same as that already given for the straight
edged drop shutter,3 allowing for the fact that 
the motion is not uniform. This efficiency will 
be related to the local exposure t ime, the 
diameter to be considered being that of the 
effective aperture .of the lens when the shutter 

1 Shutters which are fitted with a setting cord may 
be made slower in a ction by attaching a weight to 
the cord . 

2 It has b een shown that for certa in shutters of this 
type the linear velocity of the blind, at maximum 
spring tens ion, may beco me as much as 5 metres per 
second (measurement s made at the National Physical 
Laboratory, T. Smith, 1911 ). 

3 In orde r to m ea sure the height of the opening, the 
shutter may be set at half \Vel.y, a band of pape r s tuck 
on the upper edge of the opening, and the level of the 
edge marked on the paper. The shutter and the paper 
may then b e turned together until the lower edge of 
the opening appears, which is again marked on the 
paper. The blind is then slowly released so that the 
paper sha ll not be torn before the distance between the 
two lines has been measured on it . 

is placed in front of the lens, or a diameter 
slightly less than that of the diaphragm when 
it is placed behind. The efficiency is slightly 
greater in this latter position . 

134. Modern Types of Guillotine Shutters. 
Shutters embodying the principle of the guillo
tine shutter with rectilinear movement are used 
on many types of hand cameras, but in order 
that they shall have a reasonable efficiency and 
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FIG. 104. A C TION O F GUILLOTINE SHUTTER 

at the same time be fairly compact, the guillo
tine is formed of two thin steel plates one of 
which covers the lens before, and t he other 
after, the exposure. The time between the first 
contact of the first plate and the second contact 
of the second one with the aperture to be 
uncovered corresponds with the time of passage 
of the opening in a shutter of the simple guil
lotine type. For long exposures, the two plates 
are worked independently; for very short or 
instantaneous exposures the second plate is 
automatically released by the first one on its 
arri val at the end of its travel , or the first plate 
acts on an intermediate member which allows 
the second plate to move only after a pre
determined time. When setting this type of 
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shutter, the two plates either move in such a 
way that the lens is always covered, or act in 
conjunction with an auxiliary plate, which, 
having covered the lens during setting of the 
shutter, returns to its original position and 
takes no further part in the shutter's normal 
working. 

Fig. 104 shows diagrammatically how such a 
shutter works (the driving springs, ratchet s, and 
the shutter release not being shown). In the 
position of rest (position J), the plate A rests 
against the st ops cc and engages, by means of 
the pins dd, the plate B, the solid part of which 
covers the aperture. To set the shutter, plate 
A is drawn towards the left, and in so doing 
covers first of all the opening in B, and then 
drags B with it until it is stopped from going 
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FIG. 105. GUERRY S INGLE-FLAP SHUTTER 

, 
I , , , , , 

• , , 

• 

farther by the studs ee (position II). The 
release sets A free, so that under the force of 
the driving spring it moves to the right and in 
so doing uncovers the aperture (position III). 
After it has passed complet ely over the aperture 
and the opening in plate B, it engages the latter 
and pulls it over so as to cover the aperture 
again (position IV). The greater the length of 
the notches in which the stops dd slide in A 
rela tive to the diameter of the aperture, the 
greater is the efficiency of the shutter. 

135. Flap Shutters. After different types of 
flap shutters worked directly by hand had been 
for a long time in use, J. W. T. Cadett, in 1878, 
made the first model of such a shutter which 
was raised by a pneumatic bellows. This very 
clumsy piece of apparatus was fixed to the lens 
hood. A much less clumsy model was made by 
C. Guerry in 1880 (Fig. 105), a nd they are still 
being made for use by portrait photographers. 
To Guerry also is due the excellent idea of 
putting this shutter inside the camera 1 so that 

1 Shu tters for use inside the camera in the position 
indicated by the dotted lines should be specially pro
vided with slightly stronger springs. They are fitted 
with a metal connecting piece, which passes through 
the lens board and joins the release tube to the shutter. 

in portraiture the sitter may not realize the 
exact moment when the exposure is made . The 
flap, which is extremely light, is covered with 
black velvet, and is fixed to the bottom of a 
box which is itself lined with velvet in such a 
way as to be light-tight. The shutter opens by 
pressing on a pneumatic bulb and remains open 
as long as the bulb is pressed. For long expo
sures, in order to avoid maintaining the pressure 
continually, a tap which is placed on the tube 
joining the bulb to the shutter may be closed. 

It will be seen from the drawing that the 
foreground will be exposed longer than those 
parts of the subject which are situated at a 
height greater than that of the camera . This 
may be an advantage in landscape photography 
so long as it is not necessary to give exposures 
less than one-third of a second, which is the 
minimum time which this type of shutter can 

• 

give. 
If we represent by unity the exposure for 

beams which strike the top edge of the plate, 
the exposures on the axis and at the lower edge 
of the plate are respectively 0'23 and 0'15, 
provided that the flap re-descends immediately 
it has uncovered all the useful field. Since the 
efficiencies in these three regions are respectively 
92 per cent, 83 per cent, and 50 per cent, the 
illuminations will be 92 per cent, 19 per cent, 
and 7'5 per cent of what they would have been 
during the total time of exposure if no shutter 
were used (H. Wurtz, 1906) . This disproportion 
is considerably less if the shutter is kept fully 
open for some time ; if, for example, the total 
time taken in the actual opening and closing is 
one-third of a second and the duration of full 
aperture is one second, the rela tive values of 
the illuminations become 98 per cent, 80 per 
cent, and 66 per cent. 

J oubert suggested in 1880 the use of a second 
flap connected with the first and remaining 
always parallel to it . By means of this double
flap shutter (Fig. 106) considerably shorter 
exposures may be given, but the illumination 
is now a maximum in the centre of the plate, 
where it is about 40 per cent greater than at the 
upper and lower edges. In the form in which it 
is often used by numerous portrait photo
graphers, the second flap can be disconnected so 
that the shutter can be used with the single fl ap 
only. 

Mention must also be made of a type of shutter 
which combines the simple flap and the roller
blind shutter in one (Tauveron, 1919), the 
latter being automatically released at the 
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moment when the flap gets to its top point. 
In this way the two drawbacks of the roller
blind shutter in portraiture are obviated, since, 
on the one hand, the flap prevents the lens being 

FIG . 

-- -- ---'. • 
uncovered whilst the 
blind is being set , and 
on the other hand, the 
noise which the roller-

: ' blind makes is only , . 
,. heard whilst it is clos-, . 
: ~ ing, and it is then too 
: : late to have any effect 

-- .• , : : on the sitter. 
-', :: 136, Various Other 

.' 

, 
, Types Derived from the 

'. Flap Shutter, In con· 
,/ ... nec tion with this type 

-,,' ~ of shutter there are 

, 

: others which may be 
! mentioned designed 

: chiefly for use behind 
" the lens, and of which 

,/ only one appears to 
,/ have survived. , 

._. __ .••. Themulti-jlapshutter, 

106 . DOUBLE-FLAP 

SHUTT ER 

shown diagrammatic· 
ally in cross-section in 
Fig. 107, consists of a 

great number of light flaps or plates pivoted 
around horizontal axes and just overlapping 
one another in the two extreme positions. The 
chief drawback of such a device is that the light 
emerging from the lens is never completely 
transmitted. The flaps, being always parallel to 
one another, allow the central beams to pass 
almost completely when they are parallel to the 
optical axis, but they then intercept an appre
ciable part of the oblique beams. This is the 
reason why this shutter has an efficiency not 
more than about 33 per cent. Although with 
one shutter of this type (Krauss, 1894) exposures 
as short as I !4ooth second could be made, it 
was nevertheless soon abandoned. 1 

Two other types of shutter may be mentioned, 
viz. the rotating plate, placed between the lenses 
and turning on one of its diameters, a device 
which resulted in the outer parts of the lens 
being used almost exclusively, and the" plug" 
shutter, something like the plug of a tap, with 
which the central portion of the lens was chiefly 
used. Both are far too cumbersome to be placed 
between the lenses of modern objectives. 

1 The use of this type of shutter, with certain 
mod ifications, has been again suggested for aerial 
photography. Especially has use been made of leaves 

Lastly there is the bellows shutter, represented 
diagrammatically in Fig. 108, and used by many 
portrait photographers. Two bellows of black 
opaque cloth are mounted on a light metal 
frame, somewhat in the form of Japanese 
lanterns used for illumination. In the position 
of rest these bellows form a hemisphere, which, 
when operated by a pneumatic piston, opens 
from its vertical plane of symmetry, thus having 
the advantage that, from the point of view 
of the exposure, the region round which it 
opens, viz. the zone enclosing the vertical axis 
of the image, is almost invariably that occupied 
by the subject. Obviously with this shutter ex
tremely short exposures are impossible, but these 
have only very rarely to be used in the studio. 

137. Double·drop Shutters. Although in prin
ciple a double· drop shutter, opening and closing 
from the centre (Mann, 1862), is for use in the 
diaphragm, numerous models have been made 
for use before or behind the objective. One of 
the best of these, although it was first designed 
years ago (L. R. Decaux, 1893), is frequently 
used behind the objective (it may, however, 
also be used as a diaphragm shutter) without 
any difficulty if of sufficiently large aperture. 
This is due to the fact that the time during which 
full light is being admitted nearly always repre
sents more than half the total time of operation 
of the shutter. 1 

In this shutter, which is represented closed 
and open in Figs. 109 and no, the two plates 
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FIG. 108 . B ELLOW S 

SHUTTER 

V,and V 2' instead of having rectilinear move· 
ment, are guided by horizontal grooves a,b, 
and a2b2 , and joined by a long member to the 
end of the arm B,B2 , movable around the pivot 
arranged radially, thus giving the advantage of perfect 
symmetry in all directions. 

1 The following description and the figures relating 
to it are taken from a general survey of shutters pub
lished in 1906 and 1907 by E. Wallon in La Revue de 
Photographie. 

• 
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M and brought into its position of rest by the 
spring Y . The driving spring R is coiled round 
the pis ton rod in the body of the pump P . This 
pump is full of air, which the piston, under 
pressure of the spring R, compresses to the end 
of the cylinder, where it escapes through very 

p p . , " . 

FIG. J09 . D OUB L E-PLATE SHUTTER- SET 

small holes, the exact size of which may be 
regulated at will by rota tion of the button p, 
which has marked on it a series of numbers 
corresponding to different exposures. 

An extension of t he piston rod carries a rack 
which engages in the toothed wheel Q, which is 
directly connected with the setting lever , 
and which is fixed to th e cam 5 which 
forms the vital part in the mechanism. 
When the key for setting the shutter is 
pressed, the rack moves towa rds the 
righ t, thus compressing the driving spring 
and turning the sector 5 in the opposite 
way to the hands of a clock. This 
presses by the tip x on the pin G of the 
lever L, which is joined at M on the 
arm B i B2 , and which is slightly displaced 
from its posit ion of rest sufficiently for 
the sector to pass by, the lever returning 
quickly to its normal position, the pin p 
G being thenceforth pressed against the 
sector. The triangular pin C of the cam 
is then caught in the notch e of the bolt 
D, which pivots round N and is acted on 
by the spring t, the shut ter thus being se t with
out any movement of the plates V. 

If the bolt D is lowered by pressing on the rod 
K, the pin c is set free and on being released the 
spring impresses on the cam a rotation in the 
opposite direction to that previously described . 
The lever L is pushed towards the right, but 

p 

in this direction it engages the arm B ,B 2 , and 
consequently moves the plates of the shutter , 
the aperture of which is fully opened when t he 
cam has turned through about goO, the pin G 
being pressed against t he cam . Before this pin 
is set free, thus allowing the shutter to close, 

K 

the whole of the sector 5 shown by the 
arc xy must pass under it. The time this 
takes to pass is the time of full aperture, 
after which the plates close under t he 
influence of the spring r. The air brake 
does not act appreciably during the 
actual opening or closing of t he sh utter, 
the air not being sufficiently compressed 
to have any effect on the driving spring 
R. In fact, the action of the brake only 
affects the duration of the exposure at 
fu ll aperture. 

For very long" t ime " exposures, the 
holes in p through which the air escapes 
are almost completely closed. The move
ment of t he cam is then very slow 
when the pin G approaches the end x of 
the sector 5, and if there is no longer 

any pressure on the rod K, the pin c is stopped 
by the notch f before the plates close ; a second 
pressure on K releases c and the shutter 
closes. 

The t imes of opening and shutting are about 
1/400th second; the shortest time at full aperture 

F I G. T TO. D OUBLE-PLA TE SHUTTER- O PEN 

is also about the same, so that the shortest total 
exposure is about 1/120th second, with an 
efficiency greater than 60 per cent . This rises 
to about 80 per cent for an exposure of 1/50th 
second, and increases cont inually with the 
exposure, as is the case with the majority of 
shutters other than focal-plane. 
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138. Diaphragm Shutters. The first shutter 
wi th several pi voted plates opening like the 
leaves of an iris diaphragm and operated simul
taneously by an internal ring concentric with 
the diaph ragm appears to have been made in 
1887 by Beauchamp and Dallmeyer. 

Some of these shutters, with a large number 
of pla tes (e.g. 10 in the V olute and theX-Excello), 
are actually iris diaphragms, the leaves opening 
just sufficiently to form the boundary of the 
desired aperture as indicated on a scale, during 
a given time, as shown by a second scale. The 
efficiency of these shutters is not particularly 
good, viz. a maximum of 50 per cent for a 

numbers of laminae, the diameter of the aper
ture being taken as unity. 

Figs. III to II6 show the theoretical forms 
of leaves corresponding with shutters fitted 
with 2, 3, or 4 leaves, according as to whether 
these pivot around points (marked by small 
circles) situated on the edge of the aperture or 
on the edge of the casing. 

This advantage of shutters having several 
leaves is, however, t o a great extent counter
balanced by the fact that, for a given method 
of construction and the same law of movement, 
the efficiency diminishes as the number of leaves 
increases. 1 The table given below gives for 

• 
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THEORETICAL FORM S OF Two-, THREE-, AND FOU R - LEAF DIAPH RAGM S HUTTERS 

uniform movement of the leaves, but this can 
be slightly increased by choosing a suitable 
movement. Also, the construction of these 
shutters is. somewhat complicated , which usually 
results in a higher price and a more fragile 
const ruction than in shutters having an iris 
which is quite separate from the shutter leaves. 

Generally the number of leaves is three or 
four, but sometimes may be two or five . For 
a suitable form of leaf the external diameter of 
the casing of the shutter should, for a given 
aperture, be smaller as the number of leaves 
is made greater (Lan Davis, I 9 II ), a lthough 
manufacturers have not always made the best 
use of this fact. The table below gives the 
theoretical diameter of the casing for different 

Kumbcr ofleaves • 2 or 3 4 5 6 I 8 t o 2 0 3 0 

Diameterof casing . 2 t '93 t -83 1'73 1'59 t '49 1'26 1'17 

I 
7- (T.;630 ) 

different numbers of leaves (J. Demar<;:ay, 1905) 
the efficiencies calculated for the case in which , 
instead of turning round pivots, each one slides 
in a direction parallel to a radius, t he assumption 
being made, in agreement with general practice 
for the shortest exposures, that no brake is used . 

Number of leaves • • • 2 3 4 6 '" 
Efficiency • • • • 0 '4 241 0 '367 [ 0'35 1 0'341 0'333 

. 

Almost all shutters of this type are fitted with 
air brakes for regulating the exposure, the brake 
only being used during the period of full aperture 

1 This law would not hold for leaves in the form o f 
sectors dividing the diaphragln into equal parts and 
opening by a translatory m ovement of each of the 
sectors in a direction along t he length of its centre 
line, or by rotation aro und a pivot at some distance 
away. Such arrangements, however, present consider
able difficulties in practice . 



98 P H OTOGRAPHY : T H EO R Y AND PRACTICE 

so as to increase the efficiency at longer expo
sures. 

With all shutters, and especially with those 
of this type, the minimum exposure increases 
very rapidly with the diameter of the aperture, 1 

but at the same time the efficiency t ends to 
diminish because the exposure can only be 
reduced by a change in the time of full aperture. 2 

The results of numerous tests carried out at 
the National Physical Laboratory (T. Smith, 
19II) on this type of shutter have shown in 
some exceptional cases exposures of I/340th 
secone! to have an efficiency of 46 per cent . 
Generally, however, the minimum exposure 
time is nearer I /200th second with a n efficiency 

• 

P,. 
o 

100 per cent when the exposure is of the order 
of I secone!. The relative values of the extreme 
exposures which are automatically controllable 
by the shutter often exceeds 200 to 1. On 
shutters, the time scale of which can be assumed 
to be accurate, the errors are of the order of 
IS per cent, but on some types the error is 
considerably greater than So per cent. 

For some years several makers have supplied 
shutters with a delayed action release. An inter
val, either constant or adjustable within certain 
limits, elapses between the pressure on the 
shutter release and the act ion of the sh utter. 

139. As an example of this type of instrument 
we will consider the Compound shutter (F . 

o 

F I G. I 17. COMPOUND SH U TTER 

(DECKEL), CLOSED 

F IG . 11 8 . COi\IPOUND SHUTTER, 

Deckel, 1905) having three 
or four leaves according to 
the diameter of the aper
ture. This is represented 
diagrammatically in Figs. 
II7 and IIS (E. Wall on) , for 
the case of a three-leaf 
shutter, one leaf only being 
shown to avoid complica
ting the figure. The leaves 
V pivot round the points 
P in a fixed ring and are 
operated by the pins g 
engaging in the radial 
notches k of the movable 
ring A. It will be seen that 
the movement of the leaves 
from the closed to the open 

of about S4 per cent, which rises for longer 
exposures and becomes practically equal to 

1 Considering shutters of the same type and different 
di ameters d working in the same time, and supposing 
that the thicknesses are not increased, the energy 
absorbed , tmv 2, varies proportionally to d '~ , s ince m 
is proportional to d' and v to d. Therefore mechanical 
damage would occur in a very large shutter which 
opens and shuts in the same time as a small one. 

, For aerial photography diaphragm sh utters have 
been made giving exposures of t he order of r /2ooth 
second with an efficiency of about 80 per cent and an 
aperture of about 9 cm. in diameter. These shutters 
are very bulky and are made of a certai n number o f 
discs with cut-out sectors, and driven by an electric 
motor w ith uniform velocities respectively proportional 
to certain numbers having no common divider. The 
different sector openings thus coincide period ically on 
th e optical axis at intervals sufiiciently long for an 
auxiliary shutter, which may work relatively slowly 
and have poor efficiency, to be released at any desired 
moment, remaining open long enough for the coinci
dence of all the openings to occur once in the discs of the 
principal shutter. It is obvious that such arrangements 
a re only applicable in such cases where the camera is 
permanently fixed, as in an aeroplane, or a ship, etc . 

OPEN 

position corresponds with a very small rotation 
of the ring A. 

The ring A may be controlled by two different 
methods; either by direct action of the trigger 
release and without previous setting, for" time" 
and "bulb" exposures and relatively short 
exposures of about -!, th second with very 
low efficiency, or by using, after setting, a 
driving spring and an air brake, the only role 
of the release then being to set free the pieces 
which were locked in setting the shutter. 

. The movement of the lever to set the shutter 
engages a spur which is integral with the ring A 
in an arm which, from the moment of release, 
is connected with the driving spring, the setting 
being effected without any movemen t of the 
leaves, so that there is no danger of the aperture 
being uncovered. At the moment of release the 
ring A starts t o rotate and continues to do so 
until full aperture is reached. The air brake 
now comes into play and prolongs more or less 
the time of full aperture until the spur in the 

• 
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ring A frees itself from the arm to which it was 
previously fixed, the leaves then closing under 
the pull of the spring . 

The brake consists of a cylinder closed at its 
two ends and fitted with a piston having a 
narrow slot in it communicating with the two 
ends of the cylinder. The displacement of the 

FIG . 119. S PEED AD) UST iVIENT OF COMPOUND 

SIIUTTER 

piston compresses the air on one side and 
rarefies it on the other. The resistance t o the 
movement of the piston depends on its original 
position and has a minimum value when the 
two compartments at the ends of the cylinder 
are equal. The variation of exposure is con
trolled by displacement of the piston P (Fig. 
II9) before the shutter is released . This is 
effected by rotation of the disc D, which is 
grad uated in exposures (from I second to 
r /250th second), and which engages the cam C 
moving, to a greater or less extent, the bent 
lever L, one end of which is fixed in the piston 
through a longitudinal slot in the cylinder, and 
the other, by means of the curved arm E, to a 
drum containing the driving spring. 

140. Focal-plane Shutters. The focal-plane 
shutter, which need not necessarily work in the 
focal plane, is a drop shutter having a flexible 
blind consisting of an opaque fabric or of an 
assembly of metal slats which works in a plane 
parallel to the emulsion fIlm, and, at least in 
principle, at a very short distance from it. The 
important feature of this shut ter is that it can 
be used with a very narrow slit , thus giving a 
very short local exposure with almost maximum 
efficiency if the slit passes very close to the 
image (which it unfortunately seldom does). 
At the same t ime, the image may be deformed, 
the deformations becoming greater as the ve
locity of the moving parts of the image increases 
relatively to the mean velocity of the slit during 
its passage across the emulsion film. 

Suppose , for example , that after equal inter
vals of time, the slit (Fig. 120) occupies suc
cessively the positions l F l , F 2 , F 3 , F4 , F5 

1 These position s may be d et ermined by photograph
ing a surface which is uniformly illuminated by an 
intermittent source of light having a known frequency 
such as the neon lamps used in commercial stroboscopy. 

(purposely made unequal distances , since the 
velocity of the slit is scarcely ever uniform). 
Suppose, also, that at the same moments the 
image of a straight vertical moving line occupies 
respectively positions denoted by 1, ,12,13 , I ., 
I ., . The little elements of this image which are 
photographed at each of the moments con
sidered, represented by the small clear discs 
A, E, C, D, E, will therefore not give a vert ical 
straight line in the photograph, but a more or 
less complex curve depending both on the law 
of movement of the slit, and of the image, and 
which becomes a straight line if at all t imes the 
velocities are proportional, but which would 
only be vertical if the straight line object 
remained stationary during the total time of 
exposure. Obviously, Fig. 120 assumes a very 
extreme and improbable velocity of the image, 
and exaggerates almost to the poin t of absurdit y 
the deformations which are produced in prac
tice. These are not generally serious except in 
cases such as the images of the wheels of rapidly
moving vehicles photographed close up, e.g. 
motors on a racing track; the circular wheel is 
in such cases reproduced as an ellipse, and in 
certain extreme cases the spokes are actually 
curved inwards. No shutter placed in the 
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FIG. 1 20 . ACTIO N OF FOCAL- PLANE S HU T T ER 

objective would allow of exposures as shor t as 
those necessary for photographing on a rela
t ively large scale moving bodies having similar 
velocities. Of two evils , the least must be 
chosen, and if one really wants a photograph 
under such conditions one must be prepared to 
find it deformed. It should, however, be clearly 
understood that it is no use trying to make 
precise measurements on a photograph which has 
been obtained by using a focal-plane shutter. 

141. The focal-plane shutter, the use of which 
for ordinary photographic practice appears to 
have been suggested by H. Farmer in 1882, was 
not made commercially until after its use by 
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O. Anschutz, in 1888, for studying the attitudes 
of moving animals. 

The total exposure time, and proportionally 
the local exposure, are affected to a slight 
extent by variations in the tension of the driving 
spring . The essential factor for varying the 
local exposure, as required, is the variation of 
the width of the slit. 

In its original form the focal-plane shutter 
consisted of a blind made in two pieces, each 

i 

c 
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attached to a sufficiently rigid rod and joined 
together by a cord in such a way that the width 
of the slit, that is, the distance between the 
two rods, could be varied within sufficientlv 

~ 

large limits. In order t o do this, the cord, start 
ing from one end a of the rod, passes through 
the rings be to the end of the other rod, then up 
through the ring d at the opposite end of the 
first rod, being finally attached to the friction
slider e which slides along the rod ad. The slit 
edges having been adjusted parallel, the aperture 
of the slit may be read off from graduations on 
the slider. Setting of the shutter and adjust
ment of the spring tension, as also the release 
of the lat ter after use, are done in the same way 
as in the case of the blind shutter mounted on 
the lens (§ I33) . Exposures of the order of a 
second are given by hand by simply using the 
lens cap after having wound the blind beyond 
the settil~g position until a slit of width equal 
to the size of the image to be formed is obtained. 
Many of these shutters do not give exposures 
of the order of 1/10th second, for which it is 
necessary to mount an auxiliary sh utter on the 
lens. 

As soon as it was realized that a continuous 
variation of the width of th e slit was unneces
sary, the slit regulated as described above, 
necessitating opening the camera each time it 
was desired to change the exposure, was re
placed by a series of fixed suitably-chosen slits, 
separated one from the other, in the same blind, 

by sufficient distances which were at least equal 
t o the width of the image (R . Huttig, 1900). 
According as to whether, on set ting the shutter, 
a greater or less amount of blind is wound, so 
one or other of the slits crosses the image field 
when the shutter is released, the blind being 
automatically stopped as soon as one slit had 
traversed across the whole image. Further, the 
blind cannot move past this st opping point in 
order to bring in to the field one of the slits in 
the part of the blind which was previously 
wound-up on the setting roller. A pointer 
outside the camera with an indicator mechanism 
shows the width of the slit available when the 
shutter is set. The slits are usually arranged in 
such an order that, merely by changing them, 
the tension of the driving spring automatically 
increases as the slit becomes narrower, thus 
causing the total and the local exposure times 
to vary always in the same way. 

Unless these shutters work in conj unction 
with an auxiliary blind, which is brought into 
action by the principal blind during setting and 
released as soon as the slit has crossed over the 
field, or unless they are combined with a flap 
which normally covers the field and which is 
moved by a lever which acts at the same time 
on the shutter-release, l these shutters have the 
disadvantage that they uncover the sensitive 
film while being set. 

This disadvantage is avoided by various 
devices which at the same time allow the width 
of the slit to be regulated from outside. For 
example, two separate blinds may be used, of 
which one, stretched between the driving roller 
E (Fig. I22) and the setting roller A, has a fixed 
slit ab, of height usually equal to the width of 
the image. The other, which runs between the 
driving roller D and the se tting roller C, ends 
at d and is wound round C by means of st rips 
continued from its two sides . The setting rollers 
A and C are operated by a common key integral 
with the toothed wheel E which engages simul
taneously the pinions mounted on the axes of 
A and C. The pinion A is keyed to its axle, 

1 T he ro le of t he fl ap is taken in refl ex cameras 
(§ I76) by the viewing mi rror. In German cameras for 
aerial photography which are fitted with a shutter 
having several slits, two metal fl aps, with light-tigh t 
overlap, arc applied against the frame of the shutter 
by springs, and t he release of t he blind takes place 
exactly when these flaps are fully open. Attempts 
have also been mad e to prevent mistakes by mutual 
interlocking of the arm for setting the sh utter and that 
for m oving the flap. so that the shu tter cannot be set 
if the fl ap is open a nd the flap cannot be opened before 
the shutter is set. 
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but the pinion C is held on its axle only by 
friction. When the blind CD is as far down as 
it will go, the edge d having passed the limits 
of the field, the sett ing key can still be turned 
and the blind AB raised until the width of the 
desired slit, as indicated externally on the 
camera, is obtained between the edges a and d 
of the two blinds. Ratchet arrangements there
after prevent any relative displacement of the 
two blinds, both during their descent, after the 
width of the slit has been adjusted, and also 
at setting, during the passage in the field of the 
slit ab, which is covered by the blind CD as soon 
as the photograph has been taken. 

The most perfect arrangement of a focal
plane shutter camera was devised in 1899 by 
G. Sigriste. In this camera, which unfortunately 
is no longer made, the shutter slit, formed by 
two heavily-bevelled sharp metal flaps, moved 
only II loth mm. from the plane of the sensitive 
emulsion. The parallelism between the flaps 
was so good that the width of the slit could be 
easily reduced to about l / IOth mm. The two 
metal flaps were joined to the front of the 
camera by a corrugated bellows of such section 
that even at the extreme ends of its travel it 
did not intercept any of the useful beams. 
Springs which acted as brakes during part of 
the movement and during the other part acted 
in a way to help the movement, gave a prac
tically uniform velocity to the slit. By varia
tions in the width of the slit and in the t ension 
of the driving spring, 120 different times of 
exposure could be automatically obtained. 
These were indicated exactly for two different 
positions of the camera, held normally or side
ways, from 1/40th second up to I /S,oooth second 
with an efficiency which did not differ appreci
ably from 100 per cent 1 A single movement 
automatically ensures the covering of the ex
posed plate and the resetting of the shutter, the 
slit then being masked by a metal plate. 

142. In the case of most focal-plane shutters 

1 The only other camera that may be lnentioned as 
having an efnciency equal to unity is the Aerophotc, 
an aerial camera using roll films, and in which the edges 
of the slit slide in actual contact with the emulsion. 
Mention may be Il1ade here also of the focal-plane 
shutter of Lenouvel (1921) for aerial photography 
designed to make the local exposure and the total 
exposure approximately equaL In this apparatus two 
metal plates carry a series of parallel slits which mask 
one another in the position of rest; on being released 
one of the pla t es slides on the other, so that the slits 
coincide and then these are displaced together through 
a distance equal to two slits, after which they again 
immediately overlap. 

the velocity of the blind varies quite appreciabJy 
from end to end of its course. The blind, starting 
from rest, possesses a more or less considerable 
inertia which, in the case of very short exposures 
and very feeble illuminations, gives rise to a 
much greater image density 
along the length of the edge 
first uncovered. 1 Even though 
the tension of the driving 
springs may be decreasing, the 
acceleration of the slit is very 
definite, its velocity at the end 
being often doubJe that · at the 
start. Fig. 123 shows, from 
the measurements of Verain 
and G. Labussi0Te (1918), the 
variations of this velocity in 
the case of the focal-plane 
shutter of the 18 X 24 cm. 
cameras of the French Military 
Aviation. 2 

Except in special cases the 
average velocities of the blind 
corresponding to the extreme 
tensions of the driving springs 
are practically the same. On 
modern makes of shutters 
these extreme velocities are in 
the ratio of I : 1'20 or of 
I : 1'54. It is only on very 
carefully-made shutters that 
this ratio reaches a value of 
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ADJUSTMENT BY 
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I : 2. (In the Sigriste camera this ratio is as 
much as I : 6, which shows how much room 
there is for improvement in the construction of 
more common types.) 

Accurate measurements of exposure times 
have shown that the values of local exposures 
indicated on many focal-plane slmtters are very 
much less than those that actually are obtained, 
the error frequently being as much as 100 per 
cent. 

143, Except in rare cases where the edges of 
the slit of the shutter are in actual contact with 
the emulsion, any point of the sensitive film 
does not pass suddenly from complete darkness 
to the full illumination which the lens would 
produce in the absence of the shutter. 

1 Arrangements have been suggested for auto
matically compensating this variation in the velocity 
of the blind by a continual variation in the width of 
the slit in such a way that the local exposure remains 
constant. 

2 Measurements made on a different shutter by P. 
Schlott (1919), showed curves indicating an increasing 
acceleration (i.e. curves concave upwards). 
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Consider a cross-section (Fig. 124) through 
the op t ical axis perpendicular t o the slit. Let 
d be th e diameter of the exit pupil,j its distance 
from the emulsion P; I the width of the slit 
M N in the blind R , which is at a distance e 
from the sensitive film . The planes through the 
edges of the slit and bounded by the edges of 
the pupil determine on the one hand a zone 
MA N inside which the illumination is the same 
as in the absence of a shutter, and , on the other 
hand , a zone l lifBN of which the regions, not 
common wit h the preceding, constitute reduced 
zones in which only a fraction of Ule pupil can 
be seen, which fraction becomes less as the 
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It should be noticed t hat the time of exposure 
is not, as one might think, exactly proportiona l 
t o the width of the slit, but to the width of the 
illuminated band st, i. e. to the express ion 
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distance from the zone of full illumination 
• lI1creases . 

Calcula tions which cannot be reproduced 
here show that, when the zone of full light 
reaches the emulsion layer (a > e), the efficiency 
is equal to the rat io of the sum of the widths 
of t he band mn, cut at the film by the cone of 
full illumination, and of one of the bands of 
the penumbra Sin or nt, to the t otal width 
of the illuminated band st. This efficiency is 
given by the expression 

I 
EffIciency = - - d-e 

1+ (t 
The table gi ven below (l\1. P au and L. P. 

Clerc, I 917), calculated for certain cameras of 
the French Mili tary Aviation, shows the values 
of the eff1ciency fo r different given widths of 
the slit. 1 

1 T he efficiency fo r the slit of 0'04 in . is only given 

I + (ed/F ). The exposure is thus proportion
ally longer for narrow slits than for wide ones. 1 

144, Practical Rules for the Use of Focal
plane Shutters. Over a considerable range of 
exposures, a given local exposure time may be 

so a s t o show how rapidly the efficiency decreases 
when a slit situated anywhere else than in the p la ne 
of the image has a very small aperture. On t he cam 
eras cons idered this narrow width of slit was not 
a llowed because of lack of rigid ity of the edges and the 
resulting variations in the width of t he slit at different 
points . By examination of the abov e formula it will 
be noticed that the efficiency t ends to get w orse as a 
greater relat iv e lens aperture is employ ed. 

1 It is importa n t t o note (A. Klughardt, I926) that 
in the case of a focal p lane shutter of which the blind 
moves with a uniform v elocity, the prod uct o f the local 
exposure t ime and the efficiency is a constant when 
only the distance of the b lind fro m th e sensitive film 
is va ried. The quantity of light is t hen the same, 
whatever the position o f the sh utter may be, if all other 
conditions rema in the same, but this q uantity of light 
is receiv ed in a length o f time which increases with 
increasing distance of the blind from the emulsion . 

-
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obtained under different conditions, since an 
increase in the width of the slit can be com pen
sated by a greater velocity of the blind brought 
about by increasing the t ension of the driving 
spring. F or any given exposure it is best to 
adopt t he greatest possible speed of the bl ind ; 
by doing this the total exposure is reduced ; so 
also are the possible deformations of moving 
obj ec ts, and the wider slit which can be used 
results in an improvement in the efficiency. 

In addi t ion there is the question of the best 
position fo r the shutter in order that the 
deformations may be kept reasonably small 
when photographing a very rapidly-moving 
obj ect . If the slit moves in the same direction 
as the image, the latter will appear to be length
ened; if it moves in the opposite direction the 
image will be compressed. Lastly, the image will 
appear distorted if these two directions are not 
parallel, the distort ion being a maximum when 
t he movement of the slit is perpendicular t o 
that of the image . This last arrangement should, 
of course, always be avoided when photograph
ing rapidly-moving obj ects ; it depends on the 
type of obj ect which of the other two arrange
ments will give the better result . 

In cases where a focal-plane shutter is used 
for photographing a landscape which contains 
no quickly-moving object , advantage may be 
taken of the variation of local exposure from 
one end of the image t o the other t o reduce 
slight ly the exposure of the sky and the distance. 

The width of the slit may be verified, after the 
shut ter is set, by keeping the hand on the set ting 
button while making the release, so as to a llow 
the blind to descend only very slowly, so that 
it can be stopped half way . After the sli t has 
been measured the shutter can be wound again . 

In using a focal-plane shutter , the camera 
should be kept quite still during the total 
exposure, which may be much longer than the 
local exposure. Any movement made will give 
rise to a more or less extended blur. 

145. Choice of Type of Shutter. T here is no 
type of shutter which may really be said to be 
universal any more than there is one lens 
suitable for all purposes. 

Portrait photography is usually best carried 
out with inside flap shutters or bellows shutters, 
the chief essential characteristic of which is 
silence in ac tion. Their low efficiency is not 
very serious at the relatively long exposures 
usually employed . The ama teur who has not 
too much money to spare will often do bet ter 
to buy a well-made blind shutter of an efficiency 

equal to and sometimes greater than 60 per cent, 
rather than give the same price for a bad 
diaphragm shutter of efficiency often less than 
30 per cent, and which often behaves irregularly, 
especially at exposures of medium speed. 
Further , the blind shutter is perfectly sui table 
in almost all cases of commercial phot ography, 
though its use is incompatible with that of very 
wide angle lenses. 

A focal-plane shutter is almost essen tial for the 
photography of sports events , but it must have a 
blind which runs close t o the sensitive film, since 
a high efficiency is. indispensable in this kind of 
work where, as a rule, plates cannot be exposed 
long enough t o give the correct gradation . 

In modern Press work and amateur photo
graphy, use should not be made of focal-plane 
shutters except when, as in the case of the 
previously-ment ioned Sigriste camera, they have 
an efficiency pract ically equal to r oo per cent, in 
which case they should be chosen for their effici
ency rather than for the very short exposures 
which can be made with them. Th e best di a
phragm shutters easily give exposures of r /300th 
second, sometimes even r /s ooth second, when 
the diameter is very small , with much greater 
efficiencies than those of badly-mounted focal
plane shutters. The mean value of efficiency 
determined for a great number of focal-plane 
shutters at the shortest exposures possible has 
been found by T. Smith to be equal to 50 per 
cent, whilst cases were met with where the 
efficiency was not more than 25 per cent for 
an exposure of r /400th second. 1 

It must therefore be concluded that except 
for special work or for focal-plane shutters 
which are ideally mounted , the good modern 
diaphragm shutters are, on the whole, distinctly 
superior t o focal-plane shutters. 

146. Shutter Testing. Methods used in shutter 
testing are very different, according as t o 
whether it is simply desired roughly t o deter
mine the exposure corresponding to each setting 
or to study the full movemen t of the shutter 
leaves or b lin d . 

Some of the methods used for the approxi
mate determination of the exposure can be 
carried out without any special equipment. 
Of these may be especially ment ioned the 
process which consists in photographing at a 

1 Note th at as regards exposure the use of an objec
t ive with apertu re F /S·6 in conj unction wi th a sh utter 
o f 60 per cent efficiency, is equival ent, as far as the 
effective illunlination of the plate is concerned, to an 
F /4 objective used with a shutter of efficiency on ly 
30 per cen t. 
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known magnification a luminous or well-lit 
obj ect moving with a known velocity, and 
measuring the length of the image registered 
during the t ime the shutter is open . As a 
moving object a steel ball falling freely through 
a definite distance may be used; or a radius 
painted white on a gramophone disc, of which 
the number of revolutions per second may be 
determined; or a bright mark fixed to the rim 
uf the wheel of a bicycle, of which , after having 
exactly determined the gear ratio, the crank is 
turned at a known rate measured on a seconds 
watch or a properly-adjusted metronome. In 
the two lat ter cases, measurement of the angle 
subtended at the centre by the arc which is 

exposure, in such a way that the different images 
of the source are distinct from one another and 
can be counted. For example, an alternating 
current electric arc may be photographed, or, 
if greater accuracy is required, a singing flame 
adjusted to a diapason (U. Behn, 1901) may be 
photographed in a suitably-equipped laboratury. 

An entirely visual process which is very 
suitable for rapid testing in factories, consists 
in having a luminous point which is rotated in 
a circle by a motor of variable speed which is 
given on an indicator. The speed is continu
ously increased until the image seen on a ground 
glass, and originally limited to an arc of a circle, 
closes into a complete circle. The time of 
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recorded allows the exposure time t o be calcu
lated . If this process is carried out with a dark 
background it is easy , by decentering the 
obj ec tive each t ime, to photograph on the same 
plate, without any risk of confusion , the arcs 
corresponding to the different shutter settings. 1 

Still another way of shutter t es ting is to 
photograph a source of light which is periodic
a lly extinguished with known frequency, by 
sharply displacing the camera during the 

1 It has sometimes been suggested to evaluate, if 
not the tru e exposure, at any rate the effective exposure 
(i.e. p roduct of exposure time and effi ciency), by expos
ing pa rt of a plate for one second, and other pa rts 
during 10, 20, 40, 80 ... openings of the shu tter at 
a given setting, and find ing in the latter bands those 
o f which the density is near those of the known expos
ure, if necessary making a second series of test s to 
narrow down the possible interval. Unfortunately it 
is not correct t o say that 70 exposures of 1/70th second 
havea photographic effe ct equal to that of an exposure 
of one second . The effective exposure can be ascer
t ained by a simple reading by measuring the ch arge of 
a condenser after it has received the current emitted 
(or transmitted) by a photovoltaic (or photo-emitting) 
cell exposed, du ring the working of the shutter, t o the 
rays from a light source of constant intensity, i.e. fed 
by a st eady current (Zeiss-Ikon, 1931). 

exposure is then equal to the duration of one 
revolution (R . A. Woolven, 1913) . 

For the complete study of the movement of 
shutters one can, in addition to the cinemato
graphic process already mentioned (§ 129), 
project the image of the shutter on to a fixed 
slit behind which a drum covered with sensitive 
paper is turning rapidly with a known velocity. 
On development, this gives a record similar to 
that reproduced in Fig. 125, where is also shown 
the vibration of a diapason (each complete 
vibration represents 1/30oth second), in such a 
way that the time of opening, of full aperture, 
and of closing, may be read off directly. 1 The 
efficiency is equal to the ratio of the area traced 
out to that of the rectangle shown by the dotted 
lines (de la Baume Pluvinel, 1889). By means 
of this method any peculiar behaviour in the 
working of the shutter can be investigated, such 
as the rebounding of the leaves after closing 
(Fig. 126), excessively slow closing (Fig. 127), 

1 For this purpose an intermittent light-source, or 
a continuous one the light of which is periodically cut 
off by the spokes of a wheel rotating with known 
velocity, may also be used . 
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or variations in behaviour for the same setting. 
In Fig. 128, a, b, and c correspond with three 
consecutive releases of a given diaphragm shutter 
without any variation in the adjustment of the 
exposure time (T. Smith, 19II ). 1 

The same method is applicable to the study 
of focal-plane shutters, fo r which also a method 
may be used which is based on the deformat ion 
of the images of the radii of a disc rotating at 
great speed and photographed at high magni
fication (M . H oudaille, 1905). 

147. Shutter Releases. The direct release of 
shutters by finger pressure on a lever is usually 
only used for short exposures because of the 
risk of shaking the camera. For medium or 
long expo~11res a rubber bulb has long been used. 
In the older type of shutters this bulb was 
joined by a tube of any suitable length to the 
bellows forming the actuating element, and in 
the more modern shutters t o a small pump 
operating on the release lever. 

Different types of metal pumps have been 
unsuccessfully tried as substitutes for the 
traditional bulb. In order to avoid any prema
ture release, the use of bulbs having small 
circular holes which could be closed by the 
thumb has been suggested. For the regulation 
of exposures of the order of a minute with blind 
shutters a connection carrying a tap with a 
movable index on a dial graduated in times of 
exposure is sometimes used between the bulb and 
the connecting tube. Pneumatic release, with 
use of a sufficiently large bulb and connections 
in several different directions, is the best arrange
ment for the simultaneous release of several 
cameras fairly close together, or for the simul
taneous control of a camera and a flash-lamp . 

The use of metal releases in photography 
started at the time when the flexible metal 
controls for bicycle brakes, invented by E. M. 
Bowden in 1897, were becoming common. 
These controls consisted of an unstretchable 
steel wire cable inside an incompressible sheath , 
made by winding a metal wire spirally around 

1 It is advisable to make sure that a shutter when 
mounted o n the camera with which it is to be used 
does not g ive rise to any objectionable vibrations. For 
this purpose it has been suggested (H . Wurtz, 1906) 
t o fix a penci l firmly to the camera parallel to the axis 
of the lens, the penci l b eing as long and as sharply 
p ointed as p ossible. The camera is mounted on its 
tr ipod and brought near t o some obj ect to which a 
white piece of p aper can be fixed , the camera being 
placed so that the pencil just touches the paper. If, 
when the shutter is released, the pencil makes a ma,k 
on the p aper, then there is a p ossibility t hat the vibra
tions may be detrimental t o the sharpness of the image. 

the cable. By means of a lever a pull can be 
exerted on the cable simultaneously with a push 
on the sheath. At the other end, one of the 
parts is attached to a fixed part of the camera 
and the other to the release lever or piston, thus 
exerting on the two points of attachment equal 
effects in opposite directions and thus not 
shaking the camera. When the release is let go, 
the cable and sheath return to their positions of 
rest, due to the action of a spring. The arrange
ments for attachment vary with the type of 
shutter to which the release is to be fixed. 

These releases are in general use and are 
considerably less clumsy than pneumatic bulbs. 
Unfortunately they are very fragile, since any 
bend in the sheath gives rise to a permanent 
deformation and to friction which prevents the 
cable sliding easily, and they cannot easily be 
made good. Also, care should be taken to prevent 
the release being too curved when rolled up. 1 

Special models with reinforced sheath have been 
made with long lengths of tube for use on profes
sionals' cameras, but this is not at all general. 

For release at relatively great distances from 
the camera (for photographing small animals at 
large, or groups in which the person taking the 
photograph wishes to appear), a special form of 
release may be used, such as a cord passing 
through a loop in a stake fixed in the ground 
under the camera, and connected to the latter 
through a flexible spring so as to avoid vibration, 
or an electro-magnetic release, similar to the 
mechanism of electric bells, worked by a dry 
battery. 

There are many types of releases with different 
actions for operating a shutter at the expiration 
of a fixed time, variable at the will of the opera
tor, the release being preceded by the appearance 
of some sign which takes the place of the for
mula" Now keep quite still!" Some of these 
releases have in addition an auxiliary mechanism 
for closing the shutter after a certain time 
(adjustable at will between wide limits), in the 
case of " time " exposures. 

For using photoflash lamps (§ 297) it is a com
mon practice to fit synchronized shutter releases 
with an electric contact so that the duration of 
full opening of the shutter coincides or slightly ex
ceeds the very short moment of time during which 
the lamps gives the maximum of light intensity. 

1 When the sheath has thus become lengthened the 
piston that enters the shutter m ay no longer project 
sufficien tly t o actuate the release. This fault can be 
rectified by twisting the sheath on itself in such a 
direction as to tighten up the whorls. 



CHAPTER XIII 

STAND CAMERAS: COMMERCI AL , PROFESSIONAL , AND SEMI-PROFESSIONAL 

148. General Notes. The photographic camera 
no longer inherits the primitive simplicity of 
the Daguerreotype box, to which the familiar 
term "camera obscura" could be strictly 
applied, and which consisted of a box into which 
light was admit ted only through the lens placed 
in the centre of one of its sides. 

Hand in hand with the successive improve
ments in photographic processes, their uses 
increased infinitely , and thus different types of 
camera were evolved, each differing to a greater 
exten t from the original form, un til , externally 
at least, they no longer have any character in 
common, each being designed for a special 
purpose. This specializat ion, which is inherent 
to all progress, leads us to classify the various 
types of camera according to the purpose for 
which they are more chiefly intended. 

It is obvious that with a camera for photo
graphing stationary subj ects or posed sit ters, 
the conditions to be fulfilled a re very different 
from those requisite in an instrument for taking 
instantaneous views or for photographing un
observed a person or animal. 

The former , which are intended fo r com
mercial or studio work, are generally made in 
large sizes, without regard to bulk or weight, 
at any rate within certain limits, since they are 
intended for use on a rigid stand, and will not be 
carried from place to place except for special 
reasons. The la tter need to be easily concealed, 
and will, therefore, always be of small sizes . 
If they are to be of the u tmost service to the 
user they must be light enough to be carried 
about constantly, so as not to risk missing any 
interesting and unexpected subjects. 

The stand camera will vary, as regards the 
different movements embodied in it, according 
as it is intended entirely for studio use (in 
copying fla t originals, photographing articles 
for catalogue illustration, or for por traiture), 
or, as it is chiefly for use out of doors, in commer
cial photography, architectural or landscape 
work. 

While this is a somewhat arbitrary division, 
we will confine this chapter to the description 
of cameras solely for indoor use, and of those 
which, while portable, are intended exclusively 
for use on a rigid stand. In the next chapter 

we will describe cameras generally used in the 
hand, though suitable for use also on a ligh t 
stand. 

\Ve shall confine ourselves to a brief descrip
tion, referring the reader to the makers' cata
logues for details. 

149. Names and Functions of the Parts of a 
Camera. A camera consists essent ially of two 
bodies , of which one (the front) supports the 
lens flange, while the other (the back frame) 
receives alternately the ground-glass screen, on 
which focussing is done, and the dark slide in 
which the light-sensitive ma terial is carried 
from the dark room to the camera and back 
again. These bodies are connected by a bellows, 
similar to the bellows of an accordion, made of 
cloth or leather, which allows the distance 
between the two bodies to be varied over a 
considerable range,' while shutting out all light 
except that admitted through the lens. 

The lens flange is not fixed direc tly to the 
camera front , but to a lens board or lens panel , 
which slides in grooves permitting it to move 
parallel with itself upwards or downwards 
(vertical rise) or towards the right or left (cross 
front) . Several interchangeable panels can each 
receive the flange of one of a series of lenses in 
use. 2 

The two camera bodies are guided parallel 
with each other in grooves fi t ted in the base
board. One or other of them is sometimes fixed 
permanently to this baseboard . The movement 
of the movable body (or of the two bodies) is 
generally done by two pinions mounted on one 
rod. These pinions engage in two racks fixed 
parallel with the optical axis. H elicoidal racks 
(with oblique teeth) afford a finer movement. 
When both bodies are movable, the front one 
is often arranged to be moved directly by hand. 
In better-class instruments it is often con trolled 

1 In the course of these movements the v olume o f 
air within the bellows increases and decreases, some
t imes to a very considerable extent, a nd air-holes must 
be provided in the frame of the gro und-glass screen to 
prevent d a mage to the b ellows. Such vents a re often 
provided by cutting off the corners o f the ground-glass. 

2 It is well that all lens panels should be interchange
able among all the cameras in a stud io, or among the 
cameras used away fro m the studio in a business o f 
commercial photography. 
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by a winch -screw fixed along the longitudinal 
axis of the baseboard . In every case it is neces
sary to be able to fix the bodies firmly in the 
position reached in the course of focussing. 

Camera extension is the term used to denote 
the d istance between the fron t surface of the 
lens panel and the surface of the sensitive pla te 
or film . 1 

In the case of cameras especially designed 
for port ra iture, commercial and landscape 
photography, it is advisable for the rear body 
not to be a fixture in a plane perpendicular to 
the normal posit ion of the optical axis, but 
capable of inclination to 1 0 ° to IS° on this axis. 
To do this the rear body is pivoted on horizontal 
pins fixed to a frame which can be moved along 
the baseboard , and the camera is then said to 
have a vertical swing . 2 A simila!" mounting on 
vertical pins is sometimes employed and is 
termed horizontal swing or side swing . 

When it is necessary t o copy t ransparent 
obj ec ts , with avoidance of the light reflected 
from the surface of the object which faces the 
lens (enlargemen t and reduction of negatives, 
etc.), a camera, consisting of three bodies, is 
generally used . In this the lens is mounted on 
the mid way body, while the transparent 0 bj ect 
is carried by the front body. If a very long 
extension should be necessary, the lens can be 
flxed to this front body, but as a rule it is pre
fen·ed to fix it to the middle one, in which case 
the front body and the bellows connecting it 
to the middle body form a most efficient lens 
hood (§ 124). 

The baseboard of a triple-body camera is 
generally formed of two portions sliding one 
within the other to avoid unnecessary bulk 
when the maximum extension is not being used . 
The fron t body is then fixed to the sliding 
extension, and the movement of this extension 
from the fixed portion of the baseboard is regu
lated by a winch-screw operated from the rear 
of the camera . The baseboard of a camera 

1 In order to increase the tnaximum extension or 
reduce the m ini muIll extension of a camera in certain 
c ircumstances, the lens board is sometimes replaced 
by a n ex tens ion piece, cons isting of a box , one e nd of 
which fits in to the grooves on the camera front, to 
receive the lens panel , while the other end carries the 
lens flange. These accessories are usually rectangular 
in section ; the one afford ing greater exte nsion is 
known as an extension box. 

, In order that the swing may be used , if necessary, 
for restoring perspectives registered on a non-vertical 
plane (Chapter XLV), it is necessary that the common 
axis of the pins be in the plane of the image, for other
wise this operation w ould entail interminable trials. 

which extends in this way is never as rigid as 
a one-piece baseboard , and the extension must 
therefore be supported on a table. 

In the case of studio cameras and some field 
cameras, bellows of square section are used. 
The photographic plates, which are usually 
oblong in sh ape, can then be placed one way 
or the other as desired, the long side being either 
vertical or horizontal. F or this purpose, in 
studio and copying cameras, square dark slides 
are often used, fit ted with rebates to take the 
pla te in either position. In other cameras, 
chiefly those of portable square bellows pattern , 
the rear body is made square and is fitted with 
a loose frame (reversing bac!,), which carries the 
oblong dark slide and a llows of it being placed 
either upright or horizontally. 

When, as often happens, plates a re used of 
smaller size than the maximum size fo r which 
the camera is built, adapting frames or carriers 
are placed in the dark slides. It is possible to 
have a set of these carriers (called kits in the 
United States) fitting in each other and each 
corresponding with a given pla te size. 

\ '\Then , however, a camera is regularly used 
with small plates, it is generally preferred to 
employ dark slides of that size, fitting these to 
the camera back by means of an adapter. 

The dark slides used with studio cameras are 
nearly always single slides, taking only one 
plate or fi lm. Field cameras, on the other 
hand, have dot,ble slides containing two pla tes, 
one on each side of the slide. 

The slides of studio and copying cameras a re 
usually closed by a flexible curtain shutter , 
formed of thin strips of wood glued on an 
opaque fabric. To uncover the plate, this cur
tain or blind is drawn aside by means of a tag 
at the back of the slide after the latter has been 
fitted to the camera (roller-blind or curtain 
slide) . Most dark slides of smaller size a re 
closed by a rigid shutter or by a shutter hinged 
in one or more places. 

If the image seen on the ground-glass or 
focussing screen is to be recorded with equal 
sharpness on the sensit ive emulsion, it is essen
tia l that the plane of the front ground surface 
of the focussing screen shall cbincide exact ly 
with the plane of the sensitive surface as de ter
mined by the rebates or turn-buttons. 

150. Cameras for Commercial Copying. In 
making large-size copies of originals, as is done 
in car tographic and photo-mechanical work, 
the following arrangement may be employed 
with advan tage, provided the building is not 

• 
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subject to vibration from machinery or heavy 
traffic. 1 The lens is mounted on a plate fixed 
to a partition separating the dark room from 
the studio. Rails, sunk in the floor parallel 
with the optical axis, carry in the studio a 
travelling easel and in the dark room a travelling 
support for the plate, the rails being fitted with 
carriages and mechanism for moving the latter 
slowly and holding them fixed. One of the 
advantages of this arrangement is that a dark 
slide becomes unnecessary ; such a slide would 
be exceedingly bulky and heavy when the plate 
is as large as 5 square feet in area, or larger. 

In smaller sizes it is usual to employ a photo
graphic camera of the normal type, but of heavy 
build in the wooden parts, strongly reinforced 
with metal, and thus capable of withstanding 
daily wear and tear. The fine finish and orna
mentation often lavished on studio cameras are 
out of place here. Various movements, such as 
swing and rising or cross front, which are of 
great value fo r other purposes, are useless or 
a positive drawback in this particular case. 

The rigid baseboard, made in one piece, must 
ensure the st rict parallelism of the bodies. Its 
length is usually sufficient to permit not only 
of copying to same size, but also of some slight 
enlargement. For this, the extension must be 
somewhat longer than twice the focal length of 
the lens employed. In order that the same lens 
used for copying same size or on a reduced scale 
may be used for making copies larger than the 
original, the baseboard of the camera would 
have to be of such excessive length as to be 
unmanageable in ordinary work. When acopying 
camera is used to make an occasional enlarge
ment, the usual lens is replaced by one of much 
shorter focal length. 

To a greater degree than in the case of any 
other camera, the maker must assure the absolute 
coincidence of the focussing plane and the plane 
of the sensitive plate. This absolute register 
cannot be obtained if the ordinary kind of 
carrier be used when employing plates smaller 
in size than those for which the camera is made. 
A universal adapter must be used. It is formed 
of two horizontal bars movable up and down 
between the vertical sides of the dark slide, the 
arrangement being similar to that used for 
supporting at various heights the lugs bearing 
the shelves of a cupboard or bookcase. 

Owing to the frequent use of wet-collodion 

1 In such a case the various parts of the apparatus 
m ay be made to roll beneath a rigid frame suspended by 
springs frotTI the ceiling. 

plates in reproduction work, the dark slides are 
loaded from behind, and the lower bar, of 
aluminium, is so shaped that the drippings 
coming from the plate during exposure may be 
caught on strips of filter paper. 

To check register, it is advisable that focussing 
be done in the dark slide itself after placing a 
matt glass screen in the rebate provided for 
the sensitive plate. For this reason the curtain 
of the slide should be completely removable. 
This focussing in the dark slide should be done, 
not on a sheet of ordinary glass , the surface of 
which is more or less uneven, but on plate glass, 
on which some transparent patches have been 
left, e.g. along the diagonals, when matting the 
surface. The attachment of the dark slide to 
the back of the camera must be very smooth, 
but without any play, which can be done only 
by making the attaching parts entirely of metal. 1 

151. Originals to be photographed are some
times secured by their corners by drawing-pins 
to a board built up of several layers of wood in 
order to lessen the risk of warping. Access of 
stray light into the camera is avoided by 
blackening the face of the board to which 
originals are fixed. Blackening the front body 
of the camera likewise reduces the risk of 
reflections from glossy prints or such as are 
mounted under glass. Valuable originals cannot, 
however, be pinned; they may be secured 
between the copying easel and the heads of 
drawing pins inser ted around their edges, or 
under clips sliding in grooves in the easel, or 
they may be held flat under glass, using, say, a 
printing frame fitted with springs (§ 504) ; 
or, if the whole or part of a page of a book that 
cannot be taken apart has to be copied, a 
special frame can be used 

Framed documents and mounted paintings 
are usually held between the jaws of an easel 

1 Mention must be made of the cameras, such as the 
Photostat, used in many public offices (banks and 
insurance companies) and drawing offices for rapidly 
multiplying documents. The original is photographed 
direct on paper supplied in spools. In order to obtain 
an unreversed copy, the lens is fitted with a reversing 
prism (§ 123). The originals to be reproduced are 
placed fiat on a horizontal table, or against a vertical 
plate, where they are held by suction or by electric 
attraction. This type of machine is usually handled 
by non-technical workers, and is almost automatic in 
operation. In some, even the development and fixing 
of the paper, cut automatically after each exposure, 
are carried out in the machine, but this arrangem ent 
is not advisable because of the injury to the woodwork 
and mechanical parts by the constant moisture and 
frequent splashings of liquid. 
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similar to an artist 's easel. The copying board 
may also be held in this manner. 

I52. As strict parallelism must be automatic
ally assured between the copying easel, the 
lens board, and the sensitive surface , it is 
necessary that the easel and the camera be 
mounted on one and the same rigid base, at 
least one of the two being movable on rails 
parallel to the optical axis. The orientation of 
the object holder must be adjustable according 
to need . 

In all cases where the floor of the work-room 
is subj ect to vibration, the rigid base mentioned 
above must be arranged so that it is free to 
move as a whole. This is done either by cords 
hanging from the ceiling or by springs fastened 
to another framework resting freely on the floor. 
The worst that can then occur is that the whole 
apparatus swings, without, however, any dis
placement of the camera relatively to the 
original. This enables perfect sharpness to be 
obtained even if the exposures are of consider
able length. 

153. Studio Portrait Cameras. As these 
cameras are never used outside the studio, 
considerations of weight and bulk are altogether 
secondary to those of stability and rigidity , 
and of precision in manipulation. The camera 
is usually of the triple-body type, so as to allow, 
if necessary , of the copying, enlargement, or 
reduction of negatives and transparencies. The 
long extension of a triple-body camera permits 
the use of lenses of long focal length when 
required. When a long extension is not needed 
the fron t part of the camera acts as a lens shade, 
which is an indispensable accessory in a studio, 
where the great volume of light from walls and 
roof may cause general fog on the image as a 
result of multiple reflections within the lens. 

The size of plate accommodated by a studio 
camera is never less than 8t X 6t in., and rarely 
exceeds 12 X 10 in. 

In either of its positions (on the middle body 
or on the front body) the lens must be fitted 
with a considerable amount of rise and fall, 
the height generally chosen for it being at the 
level of the sitter's eyes. The camera back is 
usually fitted with a vertical swing. This per
mits of a large lens aperture being used , and yet 
of uniform sharpness being obtained throughout 
the image of a seated figure, the knees and face 
of which are at very different distances. It also 
allows of the plate being brought into a vertical 
plane when the front of the camera has been 
pointed downwards, as in photographing a 

child, who is often best photographed from 
some height, that being the position from which 
a child is usually seen. 

The dark slides are generally of single pattern 
with a curtain shutter, of square shape, and 
fitted with a series of rebates to take the plates 
either way; also with sets of carriers. Modern 
slides are often fitted with devices enabling 
either glass plates or flat films to be used a t will. 
The focussing screen is marked, usually in 
pencil, with the outlines of the different sizes 
• 

111 common use. 
The repeating back with which a studio camera 

is usually fitted enables two or more negatives 
to be made in succession on the same plate, and 
allows the focussing screen to be quickly 
replaced by a slide, the shutter of which has 
already been drawn. The repeating back is 
interchangeable with slides of the full size of the 
camera, and consists of a board with slide bars 
accommodating a frame that can be pushed 
along them until checked by stops . This frame 
t akes dark slides of 6t X 41 in. (in the United 
States,7 X 5 in. ) or 8t X 6t in. , and a focussing 
screen is permanently fixed at one end of it. 
Velve t light-traps half-embedded in this sliding 
frame prevent light from reaching the plate 
after it has been uncovered. In the centre of 
the board there is an aperture of the dimensions 
of the plate (sometimes with a detachable mask 
for another size). Notches placed at the proper 
poin ts of the slide-bars automatically engage 
with a spring-bolt fixed on the sliding fram e. 

For easy working it is necessary that the 
dark slides should be sufficient in number to 
obviate having to unload and refill them too 
freq uen tl y. 

The focussing cloth, which is needed for 
inspecting the image on the screen, must be of 
perfectly opaque material (very close cross
weave) and of ample size1 On some cameras 
the cloth is supported by a light metal frame 
fixed to the back of the camera and forming a 
kind of hood which keeps the cloth clear of the 
operator's head. Not only is this arrangemen t 
a more comfortable one, especially in hot 
weather, but it is required by elemen tary 
hygienic reasons where several operators are 
likely to follow each other at the same camera. 
Portrait cameras are sometimes fitted with a 
vignetter (N adar , 1863), which enables the picture 
of the bust of the sitter to be limited by a 
gradual shading off into the light or dark tint 

1 In a portra it studio the bl ack cloth may be lined 
outside with a thin material of light colour. 
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of the background. F or vignettes against a 
dark background an opening of appropria te 
shape is cut out of black, ma tt-surfaced card , 
and fixed inside the camera between the lens 
and the pla te, far enough from the la t ter not 
to cas t a sharp shadow. F or vignettes against 
a light background, a similar aperture is cut 
out of white card, generally with a serra ted edge, 
and this is held in fron t of the camera, inclined 
a t an angle such that the surface of the card is 
well li t. Rods passing beneath the camera 
enable the opera tor to regulate a t will the 
d ista nce, height and tilt of the vignette while 
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following the result of these adj ustments on the 
focussing screen. 

At various times the suggestion has been 
made (Disderi, 1864; Melcy , 1905) to use for 
stud io port raiture two cameras, placed one on 
the other , and fitted with lenses of identical 
focal length (but which may be of different 
optical quality). The upper camera is used only 
for focussing and composing the picture, while 
the lower one is the camera proper. 

154. The studio camera must be capable of 
being fi xed at various heights and a t various 
angles. When a t riple-body camera is to be 
used for copying by transmitted light, it must 
even be capable of being poin ted to the sky a t 
an angle of about 45 0 in order to illuminate as 
s t rongly and as uniformly as possible the nega
t ive or transparency placed in the front body 
beneath a sheet of ground glass . 

The studio stand has long been in the form 
of a small t able, or platform supported on pil
lars sliding within the framework. Racks and 
p ini ons enable th e front and the back of the 
top to be raised or lowered either simultaneously 
or separa tely . On this system the maximum 
height to which the top can be raised is only 

about 33 per cen t more than the minimum 
heigh t to which it can be lowered . The arrange
ment is very stable and is still used for certain 
branches of commercial photography . But for 
portraiture it tends to be replaced by an 
arrangement giv ing a larger range of movement. 
In this there is a table or top, carrying the 
baseboard of the camera, which top can be 
tilted on a horizon tal axis. Th e table moves 
up or down between two or four pillars fixed 
to a base . Pinions fixed beneath the table engage 
with racks on the insides of the pillars which 
sometimes con tain coun terweights. The top can 
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thus be lowered to about 16 in. from the floor, 
and can be raised to a height limited only by 
the height of t he pillars. 

In either case the stand must be mounted on 
castors, allowing it to be moved easily and 
rapidly . It is preferable, especially when the 
stand is to move on carpets, that the castors 
be of large diameter with rubber tyres. Once 
the stand has been brought into position it 
can be fixed there by means of fo ur movable 
rods which project a li ttle under the stand and 
lift it slightly , usually by operation of a pedal. 

Various pat terns of stands, of simple construc
tion, similar to the former of th e two types 
described , can be used with studio cameras of 
small size. 

The camera is usually secured to the top of 
the stand by means of screw clamps. 

It has been suggested (H. Hill, 1910) that a 
large mirror be stood in front of the camera , 
with the silvering removed in places to form 
apertures for the lens and the operator, both 
the camera and the operato r being thus hidden 
from the sitter. 

ISS. Portable Stand Cameras. Cameras for 
technical, architec tural, and landscape photo-

• 
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graphy and for outdoor groups may be divided 
into two principal types : Square bellows (Fig. 
I29A) and taper bellows (Fig. I 29B) . Rigidity is 
more easily obtainable with the former. The 
swing front of the taper bellows type must be 
used with extreme caution, for any inclination 
of the camera front tends to cause the lens to 
work at the edges of the field over which it 
covers sharply, i.e. under the most unfavourable 
conditions. As a matter of fact , the front swing 
should never be used by itself; its purpose is to 
permit a considerable rise or fall of front by 
tilting the baseboard of the camera and then 
bringing back the front and back into the 
vertical. 

The essential conditions that must be fulfilled 
by portable cameras are comparatively small 
bulk and weigh t, great rigidity even at full 
extension, and a satisfactory parallelism between 
front and back. The lens should be capable of 
bei ng used well above or below the central 
posi tion.1 The vertical swing, which is of little 
advantage when photographing groups, becomes 
useful in landscape work, and necessary in 
architectural or technical photography . It must 
a llow of an inclination of at least IS°. The side 
swing can occasionally be used with advantage, 
e.g. in reducing the convergence of horizontal 
lines in architectural photographs taken with a 
wide-angle lens, or in avoiding the use of a 
very small stop in taking views of a street with 
one row of houses much nearer than the other. 
The maximum and minimum extensions avail
able will be decided by the focal lengths of the 
lenses which it is intended to use, bearing in 
mind that in technical photography , the photo
graphing of small objects" same size " (exten
sion of twice the focal length) often needs to be 
done with lenses of comparatively long focus 
in order to avoid an unpleasant perspective. 
In extreme cases, the available extensions can 
be varied by using extension or recessed tubes 
or boxes, enabling the lens flange to be placed 
at some distance in front of the c'amera front or 
within the bellows at some. distance behind the 
(ront. 

The baseboard must be fitted with a circular 
spirit level or with two tubular levels fixed at 
righ t angles to each other (T-Ievel). When the 

1 To compensate for insufiicient amount of rise or 
fall , the lens· flange may be fi xed above or below the 
central positio n on the lens panel; and when using a 
camera of larger s ize than the negatives being taken, 
the carriers for the dark slides may be cut to serve the 
sa me purpose. 

camera has a swing back it is advisable to fix 
a plumb level to the back. 

To allow of two subjects being taken on the 
two halves of a single plate, a groove is sometimes 
provided in the camera back. A piece of black 
card can be slipped in to mask the half of the 
plate to be shielded whilst the other half is 
being exposed . To permit of stereoscopic pic
tures being taken on a single plate, some 
cameras are fitted with a par tition, made pleated 
like a camera bellows, and guided between 
elastic cords. It is fastened to strips of wood, 
which in turn fit into recesses in the camera 
front and back . 

The sizes in which cameras of the above 
pattern are most generally used for commercial 
photography and groups are whole-plate (8 t 
X 6t in.), 1 0 X 8 in., and 12 X 1 0 in . 

All the above cameras have square bellows 
and a reversing back. 

For the sake of reduced weight and bulk, the 
stand camera for amateur use is almost always 
made with taper bellows, as shown in Fig. 130 . 
While less rigid than the square-bellows pat tern 
and less satisfactory in affording proper parallel
ism of front and back, it embodies all the 
movements of the heavier model, and, in the 
case of some of them, to a greater degree . The 
size of this light-model camera which is by far 
the most largely sold and used is 6t X 4t in. 
Larger sizes, e.g. 8t X 6t in., 1 0 X 8 in ., 
12 X 1 0 in., etc. , are made, but the smaller , 
4t X 3t in., and 3t X 2! in ., are now seldom 
used. 

In the use of cameras for technical or archi
tectural photography, it is advantageous to 
focus on a ground glass ruled in squares, which 
allow the operator to judge the verticality of 
upright lines and the size of par ticular par ts 
of the subject. For landscape work it may 
suffice to rule on the screen two vertical and 
two horizontal lines dividing the sides into 
three equal parts, this plan serving to set out 
the strong and weak points of composition. 
The frame of the focu ssing screen is usually 
hinged to the camera. 1 

156. The dark slides employed with portable 
stand cameras are generally of the double 
pattern, with rigid shutters. There are also, at 
least in the 61 X 4f in . size, single metal holders, 
as commonly used for hand cameras . By virtue 

1 It is advisable t o sew tapes to t he fOCU SSing cloth, 
so that it can be tied to the camera for work in the 
field; a further facility is one or two lead weights sewn 
into the corners of the cloth . 
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of their construction, double slides with curtain 
shutters (as popular in France) afford a better 
protection of the plate against entrance of light 
whilst the slide is being carried or is in use , 
for both plates are completely enclosed by he 
two cur tains, and when one of the plates is 
uncovered, the curtain that is drawn back slides 
over the other, thus giving the plate not being 
exposed a double protection. 1 

In slides with rigid shutters (solid or hinged) 
the light-tightness 2 of the sliding shutter is 
ensured by a n elastic packing of thick velvet 
pressed against the slide by springs. After long 
use, wear of the velvet may cause a falling-off 
in the efficiency of this light-trap, for which 
reason it is customary to protect the slides by 
carrying them under the focussing cloth and 
by keeping the cloth over the slide when drawing 
the shutter and making the exposure. 

Double slides with rigid shutters are of two 
patterns . In current French makes a plate is 
introduced after drawing the corresponding 
shutter, the plate being kept within the rabbets 
by turn-buttons ; in book-form slides, as com
monly used in Great Britain and the United 
States, the frame is made in two parts hinged 
together. The pla tes are loaded without drawing 
the shutters or touching the fi lm side. After 
one of the plates has been put in, a partition of 
blackened metal is turned down over it and 
secured by turn-buttons, and the whole is then 
folded over the other plate in its bed . This 
great convenience in loading is unfortunately 
sometimes offse t by a drawback ; in the event 
of any warping of the wood used in the construc
tion of the hinged frame, the light-tightness of 
the latter is pretty certain to suffer. 

Numerous devices are employed for attaching 
the slides to the camera. The best are those in 
which any sliding movement is avoided, since 
there is the risk of the camera being shifted 
when the slide is being put in or taken out. 3 

1 Curtain slides should not be left lying about with 
the c urta ins withdrawn. The free edge of the b lind 
has t hen nothing to h old it in p lace, a nd the very t hin 
wood is liable t o get out of shape, thus preventing the 
easy clos ing of the curtain. To ease the movement of 
the curtains in their grooves neither soap nor o il should 
be used ; the proper lubricant is graphite (soft lead
pencil) or paraffin wax. 

'Sh utters of ebonite or thin wood sometimes let 
through their substance enough light to fog plates in 
a slide which is left exposed to full light fo r a consid er
able time. 

3 All slides should be numbered on each side for 
subsequent identificatio n of the negatives. If possible, 
a plate of ivorine shou ld be let in ; o n this, such notes 
as the brand of the plate, etc., can be written. 

157. Tripod Stands. For heavy apparatus it 
is unfortunately difficult to obtain stands which 
are sufficiently rigid for the long exposures that 
are sometimes needed and that are also com
paratively light in weigh t and easy in manipu
lation. The legs are often too short and too 
flexible, and the top is often too small for 
adequate support of the camera . 

In our opinion, the most practical model 
(despite its weight) is that known as the" double 
box," in which each leg consists of two 
wooden channel pieces sliding in each other, 
without any hinge or joint other than the one 
connecting each leg to the top. The bottom 
limb is solid, and slides in the inner channel or 
"box." Set-screws enable the amount of slide 
to be fixed at any intermediate poin t desired. 
The best length of leg at full extension is 64- 72 in . 
This height enables the lens t o be at eye-level 
after the legs have been splayed out as desired. 
Tripods of this pattern are occasionally made for 
a much greater height. 1 

The tripod with detachable folding legs and 
metal top (which latter is sometimes incor
porated in the camera itself as a turntable) takes 
longer to set up, and allows no variation of the 
height except by splaying the legs out more or 
less, which obviously gives little la titude. Light 
tripods with folding legs always tend to give 
at the joints and are therefore suitable only for 
cameras not larger than half-plate for outdoor 
use only, tha t is to say, usually with short 
exposures. 

While manufacturers have apparently ac
cepted the decisions of International Congresses 
as regards the standard of the thread of the 
tripod-screw, it is not a t all infrequent to fmd 
that a tripod-screw by one maker fails to fi t the 
bush of a camera by another. 2 

Whatever the bellows extension used, the 
camera must be well balanced on the tripod . 

1 Passing m ention should b e made of the" ladder
stand," in which there are two s liding ladders with 
ledges, one for the photographer and the other for 
suppor ting a movable platform on which the camera is 
placed. The view-point is thus raised 9 or I 2 ft. above 
the ground. 

2 The Interna tional Photographic Congress of , 889 
(the decisions of which have not been accepted by 
English-speaking countries) adopted the screw kn own 
a s " t in. Whitworth"; outside diamet er of the m ale 
screw 9·5 mm., pitch ,·6 mm. ; the section of the thread 
is an isosceles triangle with an angle of 55° at the apex, 
this apex being rounded on a radius equal to one-s ixth 
the height of the tr iangle. Male and female gauges of 
this thread are deposited with the Sociite Fran( aise de 
Photographie. 
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For this the camera should be fitted with several 
bushes arranged so that the one affording the 
greatest stability may be chosen . 

The steel points with which tripod legs are 
shod tend to slip on pavings and polished 
parquet floors, and may damage carpets on 
which they are used . Slipping may be prevented 
by plac ing on the ground, in the shape of a 
three-pointed star, three chains joined to a ring 
in the centre ; the points of the tripod are placed 
in the links at a suitable distance from the 
centre. The poin ts may even be tied to each 
other with a piece of string. When working on 
a carpet, a three-pointed star made of thin 
lengths of wood is of great service. Each length 
is connected to the others at one end (this being 
the centre of the star), notches being provided 
near the free ends to receive the points of the 
tripod legs. This fitment is also exceedingly 
useful on pavings or polished floors, as it allows 
of the camera and stand being moved as a 
whole without disturbing any adjustment of 
the camera, as regards level, which has been 
made in composing the subject.! 

It is often advantageous and sometimes 
necessary to be able to tilt the camera with
out moving the tripod. This can be done by 
means of a tilting-head fixed to the tripod-top 
and to which the camera is secured. Ball
and-socket heads are suitable for light cameras, 
provided a wooden ball of rather large size is used. 

When photographing extended panoramas at 
successive exposures, the prints from which are 
subsequently to be joined up, it is of service to 
be able to rotate the camera on a vertical axis 
through an equal angle each time. For this work 
a panoramic top is used; there are several 
commercial patte:-ns intended particularly for 
ligh t cameras. 

158. Camera Cases. For carrying cameras 
and their accessories, use is generally made of 
waterproof cases of canvas or leather, lined with 
soft baize. Canvas cases intended for almost 
daily use should have the edges, folds and seams 
bound with leather . Strips of wood or metal 
studs must be fixed so as to proj ect considerably 
from the bottom, in order to protect the latter 
when the case is put down on wet ground. 
Straps, particularly those for carrying the case 
on the back or slung across the shoulder , should 
be of real leather, and their width must be the 
greater as the weight is heavier. In the half
plate size, the camera, dark slides, and acces-

1 The tripod points are sometimes fi tted with rubber 
shoes hollowed in the form of suckers. 

B-(T.)630) 

sories, such as focussing cloth, are often all 
packed in one case. It is then advisable to have 
a long narrow case in which the camera and the 
slides are arranged side by side. For larger sizes 
it is best to have two cases, one for the camera 
and the other for the slides and accessories. 
In the case for the tripod, space should be 
provided for accessories such as the fi tmen t for 
preventing the tripod points from slipping and 
the holder for a magnesium flash-lamp for 
interior work. Every camera case which is likely 
to be left in the care of others should be fitted 
wi th lock and key. 

159· Hand-stand Cameras. A type of camera 
which occupies a mid-way position between 
those for use on a stand and those employed in 
the hand, is that which has been perfected by 
one or two makers of high-class cameras in 
England. In general design the camera resem
bles that shown in Fig. 130, but the back is 
made considerably deeper and the baseboard is 
solid, and hinged to the back, so that, in the 
closed position, all the moving parts are con
tained, as it were, in a box. These " hand-stand" 
cameras, as they are called, are fitted with 
finders and focussing scales for use in the hand, 
and With bush for attachment to a tripod . As 
regards movements, such as extension, rise and 
fall of front, swing back, etc., they leave nothing 
to be desired, and the various models on the 
market in England are examples of design and 
workmanship of the most perfect kind. These 
cameras are chiefly used in the 41 X 3i in. and 
5 X 4 in. sizes; infrequently in half-plate size. 
In the case of at least one make this pattern of 
camera is made in 3t X 2t in. size. 

160. Cameras for "While-you-wait" Photo
graphy. Brief reference may be made to the 
cameras (using ferro type pl ates Qr post cards) 
with which is incorporated a box in which 
developing and fixing are done, the operator 
in troducing his arms in sleeves of opaque 
material fixed to the camera, and secured round 
his arms by elastic bands. Others, for the pro
duction of real post cards, are fitted with a 
copying bench of simple const ruction, which 
folds down along the tripod while the photo
graph is being taken, and is then erec ted in 
correct position to hold the still wet paper 
negative when copying it on another post card 
as a positive. 

We may further mention various types of 
automatic or semi-automatic machines usually 
operated by the insertion of a coin. These com
prise a cabin with a fixed seat for the sitter and 
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containing an arrangement for a rtificial illumina
tion, a camera recording successively several 
pictures on a st ri p of sensitive paper and usually 
also a device for developing, reversing, and dry
ing, or for copying the developed and fixed 
image by proj ect icm on another strip and then 
processing th is positive strip. 

161. Testing of Cameras. Newly acquired 
cameras need testing, and such examination 
is also necessary from time to time with 
apparatus in service. The following points need 
attention-

Absence of play after the various parts have 
been set in position; parallelism of the front 
and back, tested with a square; the two parts 
require to be perpendicular to the long sides 
of the baseboard;1 agreement in register between 
the focussing screen and the dark slides ; ab
sence of refl ections from the inside surfaces, 
which must be covered with a dead matt var
nish; and absolu te light-t ightness of the camera 
and slides . 

In order to check the register between the 
focussing screen and the dark slides, place a 
glass plate in the dark slide and fit the latter to 
the camera. Unscrew the lens and introduce a 
rod fitted with a sliding cross-piece that can be 
clamped. The tip of the rod is pressed against 
the surface of the plate, and the cross-piece is 
pushed against the lens flange and clamped at 
that point of its travel. The dark slide is then 
replaced by the focu ssing screen, and all tha t 
is necessary is to see that the tip of the rod 
touches the surface of the screen when the 
cross-piece is again placed against the flange. 
When the focu ssing screen and dark slides are 
fitted to the camera in the same manner, it 
suffices to see that they have the same register. 

1 In the case of small cameras the parallelislll of the 
focussi ng screen and of the surface of the lens-board 
on which the lens-flange rests may be tested directly 
as follows: On the points of three screws projecting 
from a board placed morc or less horizontally, level a 
sheet of glass of a s ize closely sim ilar to that of the 
focussing screen. After test ing the horizontality of the 
glass by two cross-readings of a level, rcnlove the glass 
and place the camera o n the three screw-points, caus ing 
it to rest o n its focussing screen. Then place the level 
in two cross positions on the lens flange or o n the front 
cell of the lens, and see if the bubble indicates hori
zontality. 

To do this, use a thick wooden rule of perfec tly 
flat surfaces, through the middle of which a 
screw has been placed so that it can be screwed 
in or out at will. The rule is placed across the 
fron t of the frame of the focussing screen and 
the screw is turned until i ts point just touches 
the ground surface. Plates are now put in the 
dark slides, and the rule is placed across the 
latter. If the register is correct, the point of 
the screw will touch the glass surface without 
pressing the pla te back on the springs that hold 
it against the stops. 

To see whether the camera is light-tight, take 
it in to a dark or d imly-lit room and put an 
electric lamp inside it, first through the aperture 
in the lens board, a clark slide being in position, 
and then through the back of the camera, the 
lens being in place and capped. The opening 
through which the lamp has been in trod uced must 
be closed with the focussing cloth, and a careful 
inspect ion then made to see if any rays from the 
lamp can he detected escaping at the folds and 
corners of the bellows or at the various joints. 

The light-tightness of the slides can be tested 
only by photographic tests, viz. by loading them 
with plates (or, more cheap ly, with bromide 
paper backed by a piece of card or a glass plate) 
and then exposing them for a considerable time 
to light (preferably sunligh t) in all possible 
positions. The slide is then placed in position 
on the camera, the lens capped , the shutter 
withdrawn, and the camera left exposed to full 
light. Plates or papers subjected to the above 
t reatment should not show more general fog 
than material taken directly from the packet 
and developed at the same time, nor should they 
show local fog . Of course, the number of the 
slide will have been marked on each plate or 
sheet of paper, so that the defective slide may 
be identified and the fault located . 

These tests must always be supplemented, 
and may even be replaced, by practical tests 
with the camera under normal conditions of use. 
As a rule, no new and untried instrument should 
be used for any work which is of special difficulty 
or cannot be repeated. It is especially inadvis
able to start on any trip, st ill more so on any long 
journey, with a camera wh ich has not been 
thoroughly tested. 



CHAPT ER XIV 

HAND CAMERAS 

I62. General Notes. Owing to the great variety 
of hand cameras, a detailed descrip tion of them 
would demand more space than is warranted by 
the interest of such an account, which would 
to a large extent be a r epetiti on of the catalogues 
of makers and dealer s. W e shall therefore 
restrict ourselves to some notes on the principal 
types in use at the present t ime, l and to t he 
description of some of the essentia l parts. 

The first thing to emphasize is that a cheap 
camera, if handled intelligently, can y ield quite 
as interesting and a r tistic photographs as those 
taken with a costly instrument. The superiority 
of the latter lies in the fact that it permits of a 
la rger range of subjects being tackled, and 
a llows of exposures being made under conditions 
where the owner of a cheap camera would h ave 
to abstain from taking a photograph. But the 
beginner stands a much better chance of success 
with a very simple camera, one with the least 
number of adjustments, than with one of many 
movements, some of which may be overlooked 
and others used wrongly. 

Let us, however, note that some makers have 
recently developed , especially in the very sma ll 
sizes (3 X 4 cm. and under), various pa tterns 
embodying the automatic linkage of various 
componen ts and various safe ty devices, leaving 
only a very few manipulations or ad justments 
to the operator, thus removing almost all possi
bility of faulty manipUlation. SLlch devices 
include the coupling of a range-finder with the 
fOCLlss ing adjLlstment, t he correction o f finder 
para llax (§ 169) , the linkage of the shutter and 
iris diaphragm ad j ustmen ts [either checked or 
actually governed by a photo-electric cell (§ 326) 
with correc tion in case a light-filter carried on a 

1 \Ve may. how ev er, ll1cntion as a c urios ity some of 
the v ery small or disguised cameras introduced about 
r890 as a departure from the very b ulky instrum ents 
employed until then, viz. the photo-cravat, in wh ich the 
lens was the head of a tie-pin; the watch, in which the 
lens was ITIounted in the winding-stem; the walldl1g
stich or umbrella handle; the bowler lei tha t; boo"; 
hand-bag; revolver; the binoculars, or binocular case , 
the photograph being taken at right an gles to the 
appare nt line o f sight. \ 'Ve may fu rthe r mention a 
German ca mera for detectio n wo rk o( fa irl y recent 
manufacture, in which the film is carried in a. holl ow 
waist be lt, the lens forming one of the wais tcoat 
buttons. 

swinging a rm is placed before the lens J, the auto
m atic changing o f exposed film , the linkage o f 
this changing mechanism with t he set ting 
mechanism of the shutter, the bolting of the 
shutter until the exposed film has been changed, 
the return to normal ad justments (closed shut
ter if it h as been left open after exposure , retu rn 
of the shutter to " instantaneous " marking, 
return of the iris to full aperture, removal of the 
light-filter from the lens) by the act of closing 
th e camera, the automatic return of t he exposure 
coun ter to zero when the loading door is opened. 

I63. A prime consideration in the selection 
of cameras for use in hot and very damp climates, 
par ticularly in the tropics, is the choice of the 
material of which they arc made . 

Many modern instruments, especially of very 
small sizes , are built ent irely of bare or lac
quered non-r ust ing meta ls or a lloys, or with 
bodies moulded in materi a ls wh ich, li ke bake
lite, are not affected by the worst atmospheric 
conditions. H ot, damp a ir tends to cause leather 
coverings and bellows to become detached , to 
warp the wood (and often to separate the glued 
joints), and to rust a ll fittings of iron or ordinary 
steel. Attacks by insec ts complete the destruc
t ive effect of damp a ir on leather bellows. 

T eak is one of the few woods t hat resist such 
climates. All par ts must be screwed with brass 
screws. The wood should not have a leather 
covering. The shutters of the dark slides must 
never be of the curtain or hinged types , for the 
wooden st r ips may come unstuck. Single slides 
or changing boxes of almost rustless metal 
(special st eels, nickel, German silver, a luminium) 
should be used exclusively . The shutter should 
p referably be of simple construction , without 
parts of iron or ordin a ry steel, and easy to repai r 
in case it gets ou t of order. 

I64, Miniature Cameras. Since 1925 there has 
been a marked tendency to adopt smaller and 
smaller sizes, sometimes indeed beyond reason
able bounds (a camera was bu ilt for 9 X 12 mm. 
pictures on roll-fi lm 16 mm. wide 1) . This reduc
t ion in size, involving a considerable decrease 
in bulk and weight , has been very favourably 
received by amateurs and even by a fai r num
ber of professionals . It is indeed justified for 
various t echnical reasons. 

115 
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On the one hand, progress in the manufacture 
of sensitive emulsions has made it possible t o 
obtain without any great loss of speed images of 
fine grain (§ 196) lending t hemselves to much 
greater degrees of enlargement than previously 
admissible. ! Further , an apprecia ble saving 
results in the cost of sensitive ma terial, the only 
negatives that a re enla rged being, of course, 
t hose of some value. On the other hand, it is 
known that at one and the same relative lens 
aperture the depth of field increases as the focal 
length of the lens becomes shorter. Finally , it 
is t hus possible to use lenses of ultra luminosity, 
designed chiefly fo r the cinema industry, and 
obtainable only in short focal lengths. 

The use on several of t hese cameras of in ter
changeable lenses of very diverse focal lengths 
(ranging from 2·8 to 50 cm. on a 24 X 36 mm. 
camera, for instance) ra ised difficult problems 
in ensuring in all cases precision in the indica
tions given by t he finder and the range-finder. 
While it is possible to accept a fairly rough con
st ruction in the case of cameras giving pictures 
usable without enlargement or wi th only a 
moderate degree of enlargement, miniature 
cameras must be of an extreme optical and 
mechanical precision. They are therefore neces
sarily high in price. Such precision can only be 
obtained in a rigid, non-folding inst rumen t (see 
also § 166 and 176). 

As a rule no provision is made for a rising 
front in these cameras. It may therefore be 
necessary to t ilt the camera when taking the 
photograph, the perspective being then cor
rected (§ 743) when enlarging. 

165. The Chief Types of Hand Camera. H and 
cameras may best be classified according to their 
general shape. We shall therefore divide hand 
cameras into rigid and fo ld ing pat terns, without 
considering for the moment whether they are 
for use with plates or with films, and specially 
fo r the reason tha t many can be used wi th all 
kinds of sensitive material. 

Rigid cameras comprise box cameras of very 
simple construction in tended fo r beginners : the 
F rench type known as jumelles (of square pyra
mid shape) which about 1900 were the most 
perfect form of ha nd camera , miniaturecamerasof 
high precision , and also t he ma j ori ty 0 f reflex cam
eras (§ 176) and instruments derived from them. 

Folding cameras are of t hree main types : (a) 
fo ld ing cameras that differ from t he hand-sta nd 

1 These advances were first applied to cinemato
graphic fi lm , hence t he choice by several m aker s of 
st a ndard 35 mm. cine film for loading their ca m eras. 

cameras (§ 159) already described merely by 
their smaller dimensions and lighter weight, the 
hinged baseboard forming a pro tective cover 
when the camera is closed; (b) folding cameras 
with self-erecting front in which the lens board 
is automatically placed in position and returned 
into the camera body by means of join ted levers 
with spring catches, when the baseboard is 
opened and closed ; (c) cameras usually known 
as Press cameras, without a protective cover, 
the opening and closing of which resemble the 
movements in an opera hat wi th automatic 
locking in the ext reme positions. 

All these instruments are made for monocular 
photography (with one lens) , or for stereoscopic 
photography. For details of this latter use of 
them the reader should refer to the chapter 
(XLVIII) on stereoscopy. 

166. Rigid Cameras, Rigid cameras, bulky 
and heavy, especially when fitted with cha nging
boxes fo r 1 2 or 1 8 plates, are no longer used in 
medium sizes such as 3! X 2~' and quarter-plate 
except for some special purposes. 

Owing to the reflection of light which may 
always take place from the walls of box cameras, 
and especially those of the jumelle type, due 
to their angular shape, it is essential tha t the 
walls be a perfectly dead black. This is usually 
done by lining them wi th black cloth.' 

Miniature cameras using roll-film or cine film 
are usually fitted with a focal pla ne sh ut ter. 
This facilita tes the in terchange of various lenses 
as well as the linkage of the mechanism set ting 
the shut ter and that win ding the exposed film. 
As the slit can t ravel very close to the sensitive 
surface t he efficiency is excellen t, and the use of 
a narrow slit gives the fast exposures demanded 
by the lenses of great luminosity . 

The very slight depth of field of the la rge 
aperture lenses usually fi t ted to these cameras 
and of the long focus lenses sometimes employed 
on them would render illusory any focussing by 
judgmen t of distances, so t hat t hese cameras 
must be equipped with range-finders (§ 173), and 

1 In certain cameras not fitted with a ris ing front, 
particularl y those fo r aerial photography a nd o ther 
pa t terns intendcd for photographic records of wild 
animals , all of which are usually fitted with lenses of 
very long focus ill uminating a fi eld much larger than 
the p late, protection against excessive li ght calls for 
a number of partit ions (inside the came ra), each w ith 
an aperture permitting on ly thc useful rays to pass. 

Cameras of t he rigid type are the on ly ones su it
able for use in an aeroplane, for no folding camera , 
however rigid it may seem , can resist thc wind pressure 
acting on a ny obj ect held outside the fu selage. 
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in order to allow of photographing subj ects in 
rapid motion it is necessary that the adjustment 
of the range-finder be coupled with the focussing 
adjustment, so as to avoid having to read off the 
distance in the range-finder and then regulate 
the focussing accordingly. 

r67. Folding Cameras. The essential advan
tages of folding cameras are their small bulk 
and their extreme lightness features which are 
sometimes obtained at the expense of conveni
ence in handling and of rigidity after a period 
of use . 

On cameras of this type the rising-front 
movements are generally limited, owing to the 
small size of the front and of the taper bellows. 
After raising (or lowering) the lens, it is necessary 
to centre it again before closing the camera. 
Closing must always be done gently, especially 
if one is not accustomed to this operation , for 
the space available within the casing is very 
stinted, and if all the fitments (finder, release) 
do not occupy the exact position assigned to 
them, thus preventing the baseboard from 
closing, any force is bound to injure some 
parts. 

With most cameras, the front must be pushed 
right back into the rear body on to runners 
that form th e continuation of those on the 
baseboard. \,yhen the camera is opened, it is 
therefore necessary to pull out the front up 
to the stops, which latter are usually a t the 
" infinity" position. To do this, the front is 
drawn forward by finger grips on the carriage, 
these acting as clamps when the carriage is in 
position . 

In the Press pull-out type, with stretcher
struts, the accordion-pleated bellows is some
times replaced by a leather bag completely 
open at the extended position. The bellows 
are to be preferred, for the folds stop very 
oblique rays not used in forming the image, 
and are not likely to reflect them in the d irection 
of the sensitive surface. \>Vhen opening or 
closing these cameras the front and the back 
should be kept as parallel as possible in order 
to avoid bending the jointed levers. Cameras 
with folding levers are generally opened by a 
slanting pull, but care must be taken that both 
the levers of a pair are working together, in 
order to p revent them from being bent. 

As a rule these cameras allow of ample rise 
of front . 

Hand cameras of the fo lding type are generally 
made in sizes up to postcard (5~ X 3t in.) . 
Press cameras are made up to 6t X 4i in. 

168. Focussing of Hand Cameras. With the 
exception of box cameras and the majority of 
film cameras , hand cameras are fitted with a 
focussing screen,l interchangeable with the 
slides or changing boxes and allowing of accurate 
focussing when the camera is used exceptionally 
on the tripod. But, except in the case of "reflex" 
and "twin lens" cameras (§ 176), direct fo cus
sing is impossible when the camera is used in the 
hand. The extension of the camera must then 
be brought to the proper distance by means of a 
scale (§ 88) graduated in distances of the sub
ject .2 It then suffices to bring the bevelled edge 
of the pointer on to the mark corresponding 
with the distance chosen. 3 

With box cameras, with most jumelles, and 
wi th the Press cameras. focussing is done by 
moving the lens in a helicoidal mounting (§ IIZ). 
In the folding cameras with lazy-tongs and 
" scissor" levers the variation in extension is 
generally obtained by restricting more or less 
the opening of the levers by an adjustable stop 
linked to a bolt actuated by a screw fixed in the 
rear body, the stop drawing with it the pointer 
placed against a focussing scale .4 

The range of extension thus obtainable is 
very limited, so that these cameras are not 
suitable for use with lenses other than the one 
which the maker has fitted. At the most, they 
may be fitted with a rigid or folding rear exten
sion, put in place of the dark slide, which is 
then fitted to the other end of the extension
piece. By this means it is possible to use one 
element of a combinable lens (§ 104) or lenses 
of greater focal length than that fitted to the 
camera. 

Cameras of the folding type, especially those 
with double extension, afford fair scope in 
focussing and allow of small objects being 
photographed, or of the use of one element of 

1 To avoid the necessity for carrying a focussing cloth, 
the screen is usually fitted wit h a flexible hood which 
shields the screen from most of the surrounding light. 

2 In cameras of B ritish and American makes the 
scale in m etres is acco mpanied by one in feet. It is 
always well t o test the scale of a new instrument. 

3 Vve are not dealing here with "fixed focus" 
cameras (§ 87). in which the d epth of fiel d can be 
increased only by reducing the lens aperture, in the 
absence of a supplementary lens (§ lI 8) suited to the 
distance of the subj ect and placed on the camera lens. 

4 It would be a v ery good thing i[ the fo cussing 
scales of cameras intended for use at eye-level could 
be arranged so as t o be visible from the back of the 
mstrument, as cOInmonly done on cinematograph 
cameras, with which the lever of the focussing mount 
is prolonged as a rod that projects beyond the top ed ge 
of the camera front. 
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the lens without any special accessories. It is 
possible, within certain narrow limits, to fit 
other lenses, but if that is done, it will, as a rule, 
be impossible to close the camera without remov
ing the lens. 

169. Finders. In phot ographing a given sub
ject with a camera held in the hand, the instru
ment must be fitted with a finder enabling the 
photographer to see whether the subj ect is or 
is not included in the useful field of the lens at 
the moment when the shutter is released . 

The finder may be required to indicate either 
only the direction in which the lens is pointed 
or to show exactly the limits of the field in
cluded. Let us hasten to add that in many of 
the cameras at present made the finder does not 
merit the confidence that one is led to place in 
it, so that the checking of the finder is a neces
sary precaution with any camera. 

The problem of the finder is, moreover, a 
somewhat complex one if it is d~sired to solve 
it with desirable precision. 

To begin with, we must note that except where 
the axis of the finder coincides with the axis of 
the lens, a condit ion that is fulfilled only in 
" reflex" cameras (§ 176), a finder which has 
been adjusted to indicate for distant objects the 
same field as that given by the lens, indicates, 
at very close distances, a field which is not in 
agreement with that of the camera, the differ
ence increasing as the object is nearer and the 
axes of finder lens and camera lens are more 
widely separated 1 

Another difficulty results from the rising and 
falling movements of the lens, which movements 
lose much of their value if agreement between 
the finder image and the camera image is not 
attained, at least approximately, for all degrees 
of rise or fall of lens. 

170. Ground-glass Finders. The simplest 
form of ground-glass finder is used only on 
cheap box cameras (without rising front ) a nd 
consists of a minia ture box camera fitted with 
a bi-convex lens of focus ! in. to I in . and 
provided with a tiny mirror a t 45°, by which 
the image is reflected on to a horizontal piece 
of ground glass, partially shielded against 
surrounding light by a hood which can be folded 
down over the ground glass when the finder is 
no t in use. The image seen in the ground glass 
is Vf~ry small and very dim owing to the small 
aperture necessary with an uncorrected lens. 

1 The diffe re nces between the image in the fi nder and 
the image in the camera are of the same order as the 
differences in the two images of a stereoscopic pair. 

A very well made pattern of this type of 
finder constitutes one of the two chambers of 
the twin-lens cameras described below (§ 177). 

171. The Brilliant Erecting Finder. In many 
cameras of the folding type a finder similar to 
that just described is used, but the ground glass 
is replaced by a convergent lens with a mask 
cut so as to show the image obtained with the 
camera held vertically or horizontally. If the 
image is not formed exactly in the front nodal 
point of the convergent lens, it does not remain 
stationary in the mask of the finder when the 
eye (the correct position of which is not indicated 
in any way) is moved. The limits of the field 
are therefore very badly defined; all the more 
so as the image usually measures not more than 
about t x ~ in. It is true that the image is 
very bright, so bright, in fact, that the beginner 
is tempted to under-expose . To allow of use 
when the camera is used either way of the plate, 
these finders are mounted on a pivot to allow of 
their being turned over. As the camera can be 
closed only when the finder is in one position, 
closing may result in the bending of the finder 
bracket , and thus des troy the agreement between 
the field of the finder and that of the lens, 
assuming such agreement to have been present 
in the camera as sold. 

A finder of this kind is only admissible in 
cameras which have no rising front. 1 

Much better results are obtained in the case 
of a camera without a rising front used at the 
level of the chest, at least as concerns showing 
the line of sight , by using a finder formed by 
a concave-surfaced metal mirror of double 
curvature, placed at an average angle of 45° 
(E. Busch, 1907) with a sighting pin and sighting 
notch. This gives an upright and unreversed 
image of qui te decent size (about ! x I in. ), 
and folds into quite a small space. 

172. Direct-vision Brilliant Finders. P erfec t 
finders,at least when they are correctly mounted, 
consist of a frame of sheet metal or wire of 
the same size as the picture to be formed in 
the camera. These are fixed to the camera front 

1 In various cameras so me regard, at least to an 
approx imate extent. has been pa id to the ris in g front 
by causing the find er to tilt e ither by means of a cam 
fixed to the lens or by hand setting in correspondence 
with a scale indicating th e various d egrees of rise. 

A non-decentring finder can be of so me use if its fi e ld 
satisfactori ly agrees with that o f the lens. If a g iven 
point of t he subj ect, such as the top o f a monument, 
touches the upper edge o f the finder image, and if the 
camera lens is raised half an inch , we kn ow that there 
will b e a space o f half an inch a bove the top of the 
m onument in the photograph. 
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(on which they can be turned down when not 
in use) so as to follow the lens in all its move
ments). This frame find er is completed by a 
sight,fi.xed at a distance from the fram e, which 
is always equal to t he extension of the camera 
and in a position such that a line passing 
through the sight to the centre of the frame is 
parallel with the optical axis of the lens when 
the latter is not decentred (Huillard, 1900). The 
lack of coincidence in the foreground can, 
moreover, be corrected to a satisfactory degree 
in practice by mounting the sight on a sliding 
stem with a scale corresponding with the various 
distances of subj ect. 1 

Instead of fixing the position of the eye 
relatively to the frame by means of a sight 
(which is always troublesome to a wearer of 
glasses) a second frame may be used . This is 
similar to the first, but of smaller dimensions, 
and so placed that the straight lines joining 
corresponding corners of the two rectangles join 
together exactly at the sighting point . In this 
form , however, the finder no longer automatic
ally follows the decentring of the lens. If the 
distance between the two frames is one-fifth of 
the focal distance (L. Benoist, 1897), the 
decentring of the larger frame must be one-fifth 
that of the lens. There is then no advantage in 
using a frame of the same size as the picture. 

In order to retain the benefit of the automatic 
concordance of the field in the case of decen tring, 
while reducing the size of the finder , the plan 
has been adopted of filling the space of the 
frame with a divergent lens. 2 It is necessary 3 

that the divergent lens used should have a 
focal length equa l to that of the objective, that 
its frame should have linear dimensions half 
those of the image recorded in the photograph, 
and that it should be placed at a distance from 
the sight equal to the focal length, the divergent 
lens being fixed on t he lens front and the sight 
being fixed on the camera back (Gillon, 1900). 
This finder, unlike the one described above, does 
not show the same image as the lens when the 
extension differs greatly from the focal length. 

1 The same r esul t can b e a chi eved by pierCing t he 
plate of the s ight with several s ight-holes, each corre
sponding with a g iven d istan ce of the subject . 

'The two axes, vertical and hori zontal , o f the frame 
are usually engraved on the divergent lens. The s ight 
is sometimes fitted with a convergent lens. 

3 The proof of this fact w ould lead us t oo far. It is 
given by E. Vvallon, in Bull. Soc. Fr . P hot., 1901 , pp. 
12 I - T3 I . It is easy to see if the find er has t he requ ired 
focal le ngth by observing that a com bination which is 
practically afocal is obtained by bringing the cam era 
lens a nd t he finder le ns togethe r. 

Let us add that all the conditions set forth 
here, which ensure the perfection (for practi cal 
purposes) of the direct-vision brilliant finder, 
are by no means invariably fulfilled in all 
cameras fitted with find ers of one or another of 
these patterns. It often happens that a given 
fmder is fitted to very different cameras wi th
out any arrangement for compensating for the 
decen tring of the lens. 1 

]n some cameras the divergent lens is fixed in 
a convenient position, and the eyepiece is 
replaced by a pin which follows the movements 
of the lens. The cen tre of the field is then 
indicated fairly correctly, whatever the amount 
of rise or fall of lens (except, of course, when the 
subject is quite close) , but the margins of the 
field are not exactly shown. 2 

One distinct advantage of the direct-vision 
brilliant finders is that, in the case of moving 
obj ec ts, it is possible to watch with the naked 
eye the oncoming moving obj ect in the direct ion 
which a t the proper moment becomes the norma l 
line of sight. 

173. Various Other Finders. Among the other 
finders used on some cameras may be mentioned 
the telescopes of the Galilean type (opera-glass) 
or of the astronomical type, either straight for 
use at eye-level or in an elbow form for use at 
waist-level, fitted with a graticule for indicating 
the centre and, in some cases, the margins of 
the field . The focussing of these telescopes is 
sometimes done by sliding a tube graduated in 
distances, the finder then acting as a telemeter. 
There is also another type of finder, copied from 
the collimator, used in artillery, but not generally 
popular. 

The collimator finder is formed of a convergent 
lens, at the anterior focus of which there is a 
graticule, the lines of which will appear as 
rectangles in the extreme distance . The whole 
is housed in a little metal tube in one of the 
corners of the camera back. If one eye be placed 
at the collimator and the other looks directly 

1 'With brilliant fin ders of the divergent lens or 
plain-frame pattern, intend ed only to i nd icate the cenlre 
of the field of a camera not fittcd with a rising fro nt , 
the s ighting eyepiece or pin is sometimes replaced by 
two crossed blades in planes parallel with the optical 
axis. These blades partially mask the frame unl ess the 
eye is pl aced in the p rolongation o f the straight line 
a Iong which they intersect each other. 

:: In sonIC cameras n ot fitted with a n eyepiece , the 
correct field is generally seen by placin g the eye o n the 
line joining the centre of th e finder lens to t h e pin, 
the cheek and n ose b ei ng pressed against the b ack of 
the camera. The angle of view can also be marked on 
two adjoining s ides of the camera. 
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at the subj ect , the rectangles of the graticule 
will appear on the subject itself and show the 
amount of view included. The lines of the 
graticule can indicate the limi ts of the field at 
near distances, and additional lines can show 
the various degrees of decent ring and even a 
stadimetric scale, indicating according to the 
height of a st anding figure the approximate 
distance of the latter from the camera. 

174. Telemetric Finders. As far back as 1890 
Dallinger proposed for this purpose two finders, 
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one fixed and the other pivoting by the action 
of a cam linked with the focussing mechanism; 
the camera was correctly focussed when the 
subj ect appeared in the centres of both finders. 
This arrangement has been simplified by using 
two optical systems, suitably separated from 
each other, the images of which are intermingled 
after one has been reflected on a mirror or prism 
which is turned through an angle by the focuss
ing movement. In Fig. 130, the eye 0 sees 
directly an image of the subj ect aimed at, and 
another image of the same subj ect a fter two 
reflections in the mirrors M and M" The mirror 
M is pivoted on an axis A and linked to a 
lever L held by a spring R in constant contact 
with a cam C cut in an extension of the inter
mediate tube of the helical focussing mount. 
The mirror can therefore pass from the orienta
tion M to the orientation M ' when the lens, 
first focussed on a very distant object P, is 
focussed on a near object Q. The camera is 
correctly focussed on a given subj ect when the 
two intermingled images coincide in the portion 
covering that subj ect. 

The accuracy of focussing is all the greater as 

the base MM, is greater and as the subj ect is 
seen of apparently greater diamet er. The range
finder , therefore, sometimes includes magnifying 
lenses. It can on occasion const it ute a view
finder as well. 

There are also on the market various t ypes of 
coincidence range-finders, separate from th e 
camera. In these, the orientation of the movable 
optical system is governed by a cam joined to an 
external knob bearing a distance scale. The 
distance of the subj ect being thus known, 
focussing is effected by means of the camera 
focussing scale. 

175. Levels and Plumbs. It is absolutely 
necessary to be able to level the camera when 
holding it in the hand and sigh t ing the subj ect, 
in order to avoid the distortion which is produced 
if the sensitive surface is not in a vertical plane 
when the photograph is being taken and the 
reduction in the size resulting from the trimming 
which becomes necessary when the camera has 
been slanted to the right or left. 

When the camera is held at waist-height, its 
level can be indicated by a circular spirit level' 
or by two tubular air-bubble levels placed at 
right angles to each other; the levels must be 
placed near the finder or over it. 
. For sighting at eye-level, the use has been 

suggested of a transparent mirror inclined at 
45 0

, showing the image of a level to the eye 
placed behind the finder, but the separation of 
the image of the level and of the image of the 
subjec t and the difference in their luminosity 
make it difficult to observe both at the same 
time. For this reason recourse is usually had 
to plumbs, which are needles or plummets freely 
suspended in the frame of the finder or along 
the exterior sides of this frame. These needles 
or plummets are pendulums of extreme sensitive
ness, the oscillations of which are limited by a 
ring of small diameter. So long as the camera 
is not held perfectly level the plumb rests 
motionless against the ring, but immediately 
the camera is level the plumb hangs without 
touching the ring and oscillates owing to the 
unconscious movements of the body. 

Any camera that can be used for both vertical 
and horizontal views should be fitted with two 
levels and two plumbs. 

1 The spirit in the air-bubble levels tend s to evaporate 
by the join between the concave glass that forms the 
cover and the metal body of the level. Levels have 
been made in w hich a steel ball rolls on a co ncave 
surface, but the ball is too mobile unless immersed in 
a viscous fluid such as a mixture of water and glycerine. 
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176. Reflex Cameras. The reflex camera , 
first suggested by Sutton in 186I and made in 
pract ical fo rm by C. R. Smith in 1884, only 
became popular about 1 900; and for a long time 
was constructed only in a form simila r to t ha t 
of box cameras. At the present time there are 
folding models, m ade to meet the obj ection of 
bulk often advanced against this type of camera , 
unless of small size. The principle of these 
cameras is shown in the sectional diagram 
(Fig. I 3I ). When the camera is not in use, t he 
plate P is covered by a focal plane shu t ter. 1 

The rays from the lens 0 fall on a mirror arranged 
a t 45 0 in the plane bisecting the angle b etween 
the sensit ive surface and the ground glass D, 
which latter is shielded from surrounding light 
by the hood C. In these conditions, if t he lens 
is in such a posi tion that a sha rp image is formed 
on the sensitive surface ab, the reflected image 
a' b' will a lso be sharp on the ground glass and 
vice versa ; the image on the screen is t he right 
way up, a lthough the wrong way round. 

As reflex cameras cannot be used conveniently 
except in t heir normal upright posit ion , they 
are usually fitted with a square reversing b ack, 
which carries the dark slide in one or other 
position. In some of the m ore highly p ri ced 
models the rota tion of the b ack automatically 
opera tes a m ask, which thus shows an uprigh t 
or oblong picture on the ground glass . Otherwi se 
the la tter is clearly m arked with the edges of 
the upright or oblong picture. There is usually 
only a vert ical rise and fall of front . The usua l 
sizes of reflex cameras range from 3~ X 2 i in. 
to 6 ~ X 4i in. As the camera is h ardly ever 
carried in a case, the lens is protec ted by a 
rigid flap of wood or m etal, which can be set a t 
various angles and serves a3 a sky shade. 

The camera, which is often hung from the 
neck by a strap, is h eld in both h ands, one 
ac tua ting t he focussing knob while the subj ect 
is being followed on the screen. When it is 
judged tha t the favourable momen t has a rrived 
for t aking the photograph, t he release which 
frees the mirror is pressed . Actuated by springs, 
the mirror rises to the position M' against stops, 
thus effecting a ligh t -tight closure of the upper 
portion of the space within the camera . At t he 
moment tha t the mirror reaches the position 
M' it releases in turn the focal-plane shutter, 
which uncovers the sensitive surface for a t ime 
fixed by the speed setting. 

1 So me reflex cameras are fi tted with a lens shutter, 
t he mirror p rotecting t he sensitive surface sufficient ly 
while the image is being sighted. 

To set the camera for taking another photo
graph the mirror is a llowed to return in to 
position, by releasing a lever , which also resets 
the shutter. 

An ordina ry mirror, silvered beneath the 
glass, would produce a double image on the 
focussing screen, and cannot therefo re be em
ployed in a good instrument , as the finest 
focussing is not possible . The silvering requires 
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to be on the surface of the glass presented to 
the lens , and is usually protected by a very 
thin coat of va rnish, which does not interfere 
with its optical perform ance . To avoid occasion 
for the re-silvering of the mirror, care must b e 
taken not to fmger or rub the surface. Any 
dust tha t m ay settle on it should be removed 
very gently by means of a clean and perfec tly 
dry brush. On some cameras built recently a 
mirror of sta inless steel has been fi tted . 

The advantages of a reflex camera are obvious. 
The image seen on the screen a t the actual 
instant tha t the exposure is m ade is of the same 
size and has the same limi ts as the picture t aken, 
wha tever t he cam era extension and degree of 
use of the rising front . There is no finder which 
affords this facility 1 

1 Focussing is morc easily done at the full aperture 
of the lens, but it wou ld be contrary t o the very 
principle of th e refl ex to requ ire the operator to turn 
the camera round to set the lens aperture for the 
necessary depth of field. So me makers have prov ided 
a specia l form of iris diaphragm for t his con tingency . 
T he lever of the iris is k ep t constantly pressed by a 
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The range in extension is sufficient to allow 
of some latitude in the choice of a lens, an 
advantage that is offered by scarcely any other 
hand camera. This latitude is increased by the 
fitting of an extension piece to the camera front 
(some cameras are specially built for lenses of 
very great focal length), but the use of the 
reflex is incompatible with the use of wide-angle 
lenses on account of the necessity of leaving a 
clear space for the passage of the mirror. In 
the case of a 31 X 41 in. square refl ex, the 
shortest focal length which can be used is 6 in. , 
or a li t tle less if the camera is built for oblong 
pictures only . The chief objection to the reflex 
camera is the practical impossibility of using it 
at eye-level. To meet this difficulty , some 
makers fit a sighting hood arranged horizontally 
above the ground glass and fitted with a mirror 
at 45 ° to the latter. The picture on the ground 
glass may thus be seen in the mirror. 

I t is curious to note that in the minds of 
many amateur and professional photographers 
the reflex is regarded as specially intended for 
Press photographers and, generally, for the 
photography of rapidly-moving objects. Yet 
specialists in these two branches of work con
sider it unsuitable, and prefer to use cameras of 
the folding foca l-plane type. It is difficult, on 
the one hand, to work at waist-level in a crowd, 
and not all reflex cameras can be held upside 
down for use above the head. On t he other 
hand, the space of time during which a figure 
subj ect appears well placed, or during which 
a rapidly-moving subject passes at the right 
distance, is often too short to allow of any 
re-adjustment of the focussing, so that the reflex 
thus loses its principal advantage. 

Nevertheless, the reflex is the best hand 
camera for the great majority of photographic 
work, a rtistic a nd scientific and especially for 
the photography of animal subj ects. Its only 
disadvantages are its price, necessarily high in 
view of the complexity of its mechanism, and 
- in the case of box models such as the one in 
Fig. 131 its bulk and weight. 

I77. Twin-lens Cameras. The method of 
focussing a rigid or folding camera by means of 
a n auxiliary lens of the same focal length as the 
main lens, but less fu lly corrected, was used in 
the past, but was abandoned almost at once as 
spring which tends t o close the diaphragm. This lev er 
is held against stops which can b e placed at a ny d esired 
point of the diaphragm scale. For focussin g, the lens 
is set at full aperture, the lever being held by a catch 
which is fr eed by the r elease o f the mirror and thus 
brings the smaller stop into operation for the exposure. 

being very cumbersome at a period when plates 
of size under 7 X 5 in . were scarcely used. This 
idea has been successfully revived in some film 
cameras of miniature size, in order to give the 
user the same facilities that a reflex would give, 
a reflex being difficult to build with such short 
focal lengths as are usually employed. The 
auxiliary camera is then of the reflex type, but 
with a fixed mirror 1 

The differences in the framing of the two 
images are then compensated for by decentring 
or swinging the auxiliary lens, or by moving a 
mask under the ground glass, all such adjust
ments being actuated by the focussing movement 
so as to ensure the coincidence of t he fields 
included in the plane of space-object conjugate 
to the plane of the sensitive emulsion. 

To facilitate the examination of t he image the 
customary ground glass is sometimes replaced 
by a plano-convex lens of which the plane sur
face is finely matted, the lens then acting as a 
collecting lens (the ma rginal rays being thus 
turned towards the observer), and as a magnifier. 
A focu ssing glass is sometimes carried by a 
movable arm inside the hood. 

To reduce the depth of field of the auxiliary 
lens and thus permit of more accurate focussing, 
this lens is sometimes of a relative aperture 
greater than that of the main lens, or it may 
even be of greater foca l length in spi te of the 
mechanical difficulties presented by the linkage 
of the focussing movements of the two lenses. 

178. Sensitive Material. H and cameras are 
used with plates (glass support), films (trans
parent flexible support), or sensitized paper 
(§ 230). The films may be in long strips (roll 
film) or in cut sizes. 

Various attempts, attended with scant success, 
have been made to supply plates packed in such 
a manner that the packet can be placed in the 
camera in full dayligh t. In order not to restrict 
the user to the plates carried inside the camera, 
the number of which cannot be large without 
increasing the weight of the apparatus, plates 
are usually carried in dark slides for one or two 
plates, or in changing boxes for 6, 12, or 18 
plates, which slides and boxes are detachable 
and interchangeable, and may be purchased 
in any number required. 

Films cut in sizes are supplied either for use 
like glass plates, in the same slides or boxes, 
or in special packings called film packs. A 

1 For sightin g a t eye level a m irror that can be 
lifted has, however , been used, the grou nd glass and 
its h ood being then p laced on the back of the camera. 
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film pack is itself a changing box for 12 films, 
and only needs placing in a special adapter 
(film-pack adapter) interchangeable with the 
slides or boxes. 

Roll fi lm, formerly used in roll-holders of 
somewhat complicated construction , was soon 
issued wit h a st r p of black paper a t each end 
of the strip of film. These bands of black paper , 
in conjunction with the fl anges of the spool on 
which the fil m is wound, afford full protection 
against light , t hus permitting of loading and 
unloading t he holder in daylight. The mechan
ism intended to ensure the supply of the same 
length of film for each exposure was soon dis
carded by backing the strip of film with a strip 
of opaque black paper bearing numbered marks 
visible from outside through a window of red 
celluloid 1 To reduce the price of the cameras, 
and also to compel to a certain extent their pur
chasers to use roll fi lm exclusively, the detach
able ro ll-holder was no longer supplied, and t he 
film magazine became a n in tegral part of the 
camera . Late r on , there was a reaction against 
the excessive specialization of these inst ruments, 
and many of them can now be supplied with ad
ap ters allowing of the use of dark slides for plates. 

The methods of loading the various slides 
and changing boxes differ to such an extent on 
the cameras of various makers that a detailed 
description cannot be given. The instructions 
sent out wi th each camera should be followed. 

179. Single Metal Slides. Although double 
dark slides with curtain shutters are used (in 
F rance) with some hand cameras (§ 156), it is 
fa r more usual to employ single metal slides, 
made of stamped sheet steel or nickel , with a 
metal pull-out shutter, such slides being cheaper, 
lighter, and more compact." 

Among the advantages of metal slides over 
changing boxes are the avoidance of any risk of 
jamming and the possibility of tak"ng a select ion 
of p lates of various kinds or fo r var ious pur-

1 When using panchrOlnatic fi lm the reel winelow mu st 
be covered except during the t ime strictly necessary, 
after each exposure, to centre the next number in the 
window. Cameras of recent constructi on are fi tted for 
this purpose with a flap k ept closed by a spring (some
times the flap only opens when the winding key is 
bei ng turned ). In th e a bsence o f suc h a flap, the out
side of the window should be covered with a piece o f 
opaque adhesive material, usuall y supplied with each 
spool o f pan chro mati c film. Vario Li s arrangements of 
mul tiple wind ows permit in some cameras (fi tted with 
removable masks) the use of roll-film for pict ure sizes 
other than the normal one. 

, All t hese slides should , of course, be nu mbered fo r 
identification of the exposures. 

poses. 1 Also, as the camera is loaded with only 
the one pla te, it is less heavy and cumbersome 
when arranging and t aking the photograph. 

On the other hand, the changing of one pla te 
for another is less rapid with slides than wi th a 
changing box lor plates or films, and finally fog 
may be produced as the resul t of wear of the 
velvet plush 2 fitted to both the slide and the 
camera in order to ensure light-tightness after 
the slide-shut ter has been wi thdrawn, especially 
if the shut ter is replaced not squarely but by 
inser ting one corner first. 3 

It is usually possible by means of carriers to 
use in these slides pla tes of size smaller than 
the norma1. 4 Cut film s and paper can also be 
used by placing them in holders, of which 
various patterns exist (book-fo rm, sheath, or 
stretcher) or , in some cases, by the use of a 
metal sheet covered with a sui table adhesive. 

This review of holders for plates would not 
be complete without a reference to the special 
slides or adapters intended for loading in day
light by the use of envelopes of stout opaque 
paper each containing one plate. The envelope 
is opened when the shutter of the adapter is 
drawn and closed when it is pushed back . In 
England this envelope system is widely used 
by Press photographers. 

180. Changing Boxes for Plates. In all chang
ing boxes for plates the pl a tes must first be 
placed each in a sheath or metal frame. The 
plates are usually slid in to grooves formed by 
the turned-over edges of three of the sides. 

The one pattern of the old type of changing 
box withou t mechanism which has surv ived is 

1 When plates or cut fi lms are be in g used both for 
monochrome and co lour work (Autochromes) , it is best 
to obtain s lides of blacked steel fo r thc monochrome 
p la t es and of nickel for the Autochromes. T he latter , 
being always used along with a black backing card, can 
better 'withstand a s lide with poli shed interior su rfaces 
and a re m ore li kely t o b e fogged by th e lacquer o f the 
s t eel slides. 

2 This wear of the pile can be prevented by remov ing 
the shutter when the slide is not in usc. 

3 I n some cases confusion between slides containing 
unex posed pl a tes with t h ose containi ng exposed p la tes 
may be avo ided by turning the other s ide of the shuttes 
outwards when replacing it after expos ure. Mention 
may also be made of the various devi ces (coloured tags, 
catches which auto maticall y lock the shutter when is 
is replaced after exposure) for prevent ing two exposures 
o n onc plate. 

01 F or mak ing several successi ve exposures on 
different parts of th e same plate, the simplest plan is 
to insert the dark slide in t he usual way, to withdraw 
the shutter, and then to insert spec ial shutters in 
which openings have been cut in the requi red positions 
(multip lyi ng shutters, G. J . Miller, 1901). 
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that known as the bag changer. In its simplest 
form it is closed by a shutter and attachable to 
the back of the camera. It is loaded with 12 
sheaths, each fitted with a small tab or handle. 
To the upper end of the box is fitted a bag of 
soft leather or opaque fabric, flexible enough 
to allow of the tab of the sheath containing the 
plate that has just been exposed being grasped 
from outside. The sheath is then lifted up into 
the bag and transferred to the back of the pile 
against the slight resistance offered by the 
springs, which keep the pile of sheaths con
stantly 'pressed against the reb ate at the front 
of the box. In current patterns the box is 
provided with a lever which raises each 
sheath in turn up into the bag. 

Nearly all the changing boxes now in 
use are b ased, with many variations, on 
that invented about 1890 by E. Hanau. Its 
working will be seen from Fig. 132. The 
box consists of a chamber of wood or 
metal in which there slides a drawer 
within which are 6, 12, or 18 sheaths 1 

also result when the sheaths are not put in 
according to the instructions (in some boxes the 
open sides of the sheaths must be towards the 
handle of the drawer, while in others they must 
b e away from it), or when the sheaths h av e b een 
bent. If excessive resistance is felt when opening 
or closing the drawer, the movement should be 
reversed somewhat sharply , and a second at
tempt then made to change the plate. Force 
should never be used. 

In some boxes the drawer carries with it only 
one plate, putting it back under the pile. In 
others, the exposure must be made when the 
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(the number varies according to the size). 
When the first plate in the pile (position 
A in the figure) has been exposed, the 
drawer is pulled out (B ). The first plate 
(top, exposed plate) is held back by stops 
until the drawer has been pulled right 
out, when i t falls to the bottom or is 
pressed there by springs (C) . 2 When the 
drawer is returned (D) this plate passes 
under the pile and a fresh plate comes 
into position for exposure. 3 FIG. 132. OPERATION OF lVI AGAZINE CHA N GING Box 

It will thus be seen that the working of 
the box depends on the drawer being pulled r ight 
out. It is usually necessary to pull it out with 
a sm art m ovem ent , to assist the fall of the plate, 
but, of course , not so violently as to drag out 
the drawer. If the drawer is pushed back before 
it has been completely opened, the half-extruded 
sheath is likely to be bent and the plate broken, 
thus causing the box to jam. Jamming m ay 

1 Some m akers supply film sheaths fo r u se with films 
or paper. The thickness of t hese sheaths is about 
on e-half that of the plat e sheath s, so that the capacity 
of t h e box is doubled. If the constru ctio n of t he b ox 
is such that two of the thin sheaths are changed each 
time , th e d ifficulty can be got ov er by loading an uneven 
num ber of sheaths, e.g. ?3 or 25 in a b ox for 12 p lates . 

2 When the plate fall s by its weight a lone, changing 
requires that the camera be held with the lens po inting 
directly upwards, o therwise the mechan ism fai ls to act. 

3 In cameras for aerial surveying the plates bear on 
their emulsion side against t wo sharp edges fixed to the 
cam era b ody and rigorou sly d efining t he pla ne of the 
sharp image. 

drawer is out, the sharp image being formed on 
the plate h eld at the bottom of t he box. The 
bulk of the camera is thereby reduced by the 
thickness of the changing box, but the cam era 
is not so well balanced a t the instant of making 
the exposure. In order to reduce cost and bulk, 
some changing boxes are formed of two distinct 
parts , the loader and the cartridge. The car
tridge is the drawer of the box, and it is possible 
to use several such cartridges, 1 each loaded with 
a d ifferent kind of p late if desired. 

More than any other part of the camera, the 
changing boxes must be kept perfectly clean. 
On the one hand, the fall of the plates to the 
bottom of the box often produces fine splinter s 
of glass, while the rubbing of the shea ths (when 

1 Attempts have been made to supply plates in 
cardboard cartridges for use with a suitable loader, 
but it seems difficult to make a cardboard cart rid ge 
of sufficient preCision for e~lsuring reliable working. 
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of lacquered metal) gives rise to dust consisting 
of varnish. All these particles are set in motion 
each time the drawer is worked, its action being 
something similar to that of a suction and ram
mmg pump. 

181. A changing box must have some device 
for showing the number of plates exposed or 
the number of plates still to be exposed. In 
the early patterns of changing boxes each 
sheath was stamped with a depression that was 
convex towards the plate and acted as a spring. 
On the concave surface of this depression a 
numbered label was pasted. This number was 
visible from outside through a red window. As 
these numbers occasionally acted on the sensitive 
emulsion of the plates, this arrangement has 
been generally abandoned in changing boxes , 
and has been replaced by a counter, advancing 
one number each time a plate is changed. 1 

When a very large number of plates have to 
be exposed before they can be developed, the 
identification of the negatives is much simplified 
if a number is automatically marked on each 
negative. In place of numbers pierced in the 
edges of each sheath, the same result can be . 
obtained by marking one edge with a certain 
number of notches or perforations, another edge 
being marked to show the particular changing 
box or cartridge. 

It often happens that after exposing all the 
plates in a box, neglect to read the counter 
may result in some of the plates being exposed 
a second time. Such double exposures are 
entirely avoided in boxes in which the las t 
sheath is too thick to pass from the drawer. 
It is usually possible to secure this same advan
tage by riveting to the underside of a sheath a 
plate of aluminium about , 'a- in. thick, and of 
exactly the same width and length as the 
sheath. 

Some changing boxes are fitted with an auto
matic lock, preventing the removal of the box 
from the camera (or the cartridge from the 
loader) until the shutter has been closed. 

182. Roll-film Cameras. It is to George East
man (I889) that the invention of the roll-film 
holder and of the appropriate packing of the 
film is due. The form s originated by him differ 
little from those in use at the present day. 

1 Some counters register on the closing of the 
draw er, so that a nUIn ber may be registered when the 
drawer is partl y pulled o ut and then returned w ithout 
changing a plate. It is b etter tha t the counter should 
regis t er only when the drawer is pulled fully out. 

Two spools/ one empty (E ) and the other (E') 
with film wound on it (Fig. 133), are placed on 
either side of the camera proper, their end disc 
pieces being fitted to pivots, one of which can 
be turned from the outside, whi lst both pairs 
act as axes of rotation. After taking off the 
detachable cover ee, the spools arc placed in 
position on their pivots, noting that the two 
spools must be placed inversely to each other, 
the groove in one of the discs of the spool placed 
in E having to fit the pin of a winding-key 
operated from outside the camera. Four to 
six inches of the black or red paper wound on 
the spool are unwound and the taper end in
serted in the slot of the empty spool at E. A 
few turns of the key are given to wind the paper 

c 

FIG. r 33. R OLL-FILlI.[ CHANG IN G l\1 ECHA N ISl\I 

tightly round spool E, and then the back ee is 
replaced. Some fifteen half-turns of the key 
are then given, the paper passing from E' to 
B, and moving without friction over the rollers 
rr'. As soon as the film, carried by the paper, 
reaches the field of the lens, a warning sign 
appears in the red window V, and is soon 
followed by the figure I, showing that the film 
is in position for the first exposure. After 
making the exposure the key is turned until 
the figure 2 appears, and so on .2 After taking 
the last photograph (the spools are usually for 
6, 8, IO, or I2 exposures, according to the size 
of the pictures), the key is given about ftfteen 
half-turns, and the cover is then taken off. 

1 The spools with wooden centres, on which the 
metal flanges were forced by pressu re, a re usuall y 
replaced in the current s izes by all-metal spools which 
are of more accurate lnanuiacture and smaller diamete r. 
T he space bet ween t he flanges mu st permit the rolling 
up of the film a nd its wrapping paper , but wi t hout 
sufficient play t o admit light. The slit in which the 
t ongue of the p ap er is engaged m ust be exactly 
st andardized . T he spool must be su rfic ien t ly rigid to 
resist deformation by torsion of it s ax is which would 
result in unequal tension of the fi lm and sometimes 
cause scratches on the emulsion . Wh en travelling from 
one spool t o the other t he film slides on the wrapping 
paper, and for this reason it is secured only by one 
of its ends. In spite o f this slid ing a fi lm with paper 
backing can never be perfectly stretched in the im age 
p lane. F or this reason it has been necessary in very 
slnall sizes, Le. such as imply considerable enlargement, 
t o use naked fi lm (§ 185). 

2 When a folding camera has been closed a nd then 
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The winding of the paper is then continued, 
pressing the fingers very gently on the spool to 
prevent the paper from uncoiling when it is 
no longer kept under tension by the springs 
which brake the supply spool. The spool is 
then removed and sealed with the gummed strip 
attached to the end of the black or red paper. 

183. A very ingenious device is used for 
identifying the negatives as they are being 
taken (autographic film and cameras, H. J. 
Gaisman, 1913). Instead of a single opaque 
paper wrapping for the film, two papers are 
used, one a " carbon" paper, as employed for 
mani fo lding, and the other a thin red paper. 
Neither of these is completely opaque alone. 
The back of the camera is provided, a little 

-- -------- - --- - ----
p 

FIG. '34. FILM AND TAB OF FILM PACK 

beyond the edge of the picture, with a narrow 
slot, which is kept covered by a spring flap. 
Following an exposure, the flap is raised and 
the desired note is made with a metal stylus, 
attached to the camera. An ordinary lead 
pencil, not too flllely pointed, may be used 
instead of the stylus, but never a copying pencil, 
as the colour of the latter may come off on the 
sensitive surface of the next turn of film. No 
ma rk appears on the surface of the red paper, 
but the coating on the underlying carbon paper 
is removed where the stylus has pressed on it. 
The slight play between the two papers enables 
the light, diffused by the red paper, to act on 
the film through the inscription thus stencilled 
on the carbon paper, the camera being pointed 
to the sky (but not to the sun) for this purpose 
with the flap open. The flap is then closed and 
secured . 

184. Various improvements in the construc
tion of film cameras have been suggested, and 
some of them have been applied, without, how
ever, coming into general use . To ensure the 
flatness of the film, which is especially nec
essary with lenses of large aperture,! film cam
opened with the film in position for the next view, it is 
ad visable to stretch the film by turning the winding 
key slightly, as the film may have been slackened by 
the air eddies inside the camera. 

1 Films kept for long in a very dry atmosphere will 
occasionally become crinkled at the edges and then 
fail to give sharp pictures, unless the lens is used with 
a very small stop. 

eras are made in which the film is pressed 
against a sheet of glass by a plate, the 
pressure of which is relaxed during the time 
that the exposed fi m is being changed To 
permit focussing on a ground-glass screen a 
thing impossible with the usual cameras, the 
film-holding part of the camera has been made 
separate from the rest, or attached to it by a 
hinge, a shutter being fitted to the film-holder 
part to allow of detachment. To simplify the 
changing of the exposed section it has been 
suggested that the turning of the key should be 
replaced by a pull on a cord instantly wound 
back by a spring, or by a threaded rod pro
truding from a tube like the mechanism of an 
Archimedean drill, and causing the rotation of 
the take-up spool. Various devices have been 
evolved for using a camera with spools of size 
smaller than the normal one (junction pieces 
for the pivots and metal masks restricting the 
length of the exposed film). 

Reference must lastly be made to the common 
use of adapters for dark slides for plates, inter
changeable with the ordinary back, or attachable 
to the film camera after the ordinary back has 
been removed. Some adapters bring the sensi
tive surface of the plate into the plane normally 
occupied by the sensitive surface of the film, 
and thus permit of the usual focussing scales 
being employed . With most adapters, however, 
a correction of the focussing is necessary un less 
the camera, is fitted with a second focussing 
scale, engraved in a different colour or clearly 
marked" Plates." 

185. The necessity to use bare film in minia
ture cameras fitted with large aperture lenses 
in order to avoid defective fl atness due to the 
sliding of the film on the paper (§ I82, foot-note) 
has led, in order to facilitate the winding of the 
film and the working of a counter, to the adop
tion of 35 mm. cine film with two marginal rows 
of perforations, leaving between them a usable 
space of 25 mm. width. 

This film is usually supplied for 36 exposures 
24 X 36 mm. (the length of 36 mm. is equal to 
six times the pitch of the perforations) in a special 
charger in lengths of ISO cm., of which about 
6 in. are sacrified at the free end of the strip as 
the leader, suita bly tapered for attachment in 
the camera in daylight. To avoid losing a similar 
length at the other end the exposed film is not 
wound on to a second spool , its rigidity being 
taken advantage of to push it by means of two 
toothed wheels, engaging with the perforations 
and actuating the film counter, into a receptacle 
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from which, after all the exposures have been 
made and before opening the camera, it is 
returned to the charger by rotat ion of a milled 
knob taking with it the core of the charger. To 
make th is return possible the interior end of the 
fi lm strip must not be detached from the core, 
as would happen if after the 36th exposure an 
attem pt were made to overcome the resistance 
then felt to unwinding . If this accident should 
occur the film cannot be returned to the charger 
until the camera has been opened in a dark 
room. 

186. Film-packs. The cut-film packing form
ing a changing box for the film s 1 it contains 
still retains the name of " film pack" under 
which it was first issued in 1903 by the Rochester 
Opt ical Co . 

Each of the I2 films P (Fig. I34) is 
attached (on one of it s short sides) by 
an adhesive strip A to a long band B 
of enamelled opaque paper ending in a 
tabL. The I2 films (only two are shown 
in Fig. I35) are placed in a pile in a 
cardboard box (Fig. 135) with a fixed 
interior partition, which is extended as a kind of 
metal gutter , and witharectangular cut-out with
in which the film is exposed. The tabs of the film s 
are led round the gutter and project from the cas
ing. They are covered with a band (of the same 
paper) which forms the safety cover of the pack . 
Between the fixed par t it ion and the pack of 
films there is a plate of thin metal. It is held 
away from the partition by springs and presses 
the safety cover against the cut-out and the 
films against the safety cover. Strips of felt 
press the tabs together a t the point where they 
emerge from the casing, and another strip of 
felt presses the curved portion of the paper 
bands against the convex surface of the gutter. 

In use, the cardboard pack is placed in an 
adapter in terchangeable with the dark slides 
of the camera . This having been done, the rear 
tab (the tab of the safety cover) is pulled2 so as 
to uncover the first film. After the first film 
has been exposed it is transferred to the rear 
compar tment by pulling the tab marked No . I 
until there is felt a resistance, due to the ex t ra 
thickness of the film and adhesive strip. The 

1 For avoidance of abrasion of the sensitive surface 
(§ 199) during changi ng, the emulsion of these films is 
covered with a very thin (0 '004 m m.) coating of 
ha rd ened gelatine. 

'The pu ll m ust b e steady a nd gentle ; a violent, 
sudden pull may tear the tabs before t he fi lms have 
been changed. 

protruding length of the band of black paper is 
then torn off by pulling it sideways against the 
metal edge of the adapter. The changed film 
remains attached to a sheet of b lack paper 
bearing the number I, thus allowing of the 
negatives being identified. The second film is 
then in place ready for exposure. After it has 
been exposed it is changed by pulling tab NO.2, 
and so on. When the twelfth fi lm has been 
changed the pressure plate is pressed against 
the cut-out and closes it. The pack can then 
be removed from the adapter in daylight and 
rep laced by a fresh one1 After removing the 
exposed films from the cardboard box the latter 
is thrown away. 

With the object of reducing the cost of film s 

FIG. 1 35, CONSTRUC TI ON OF FILii'! P ACK 

used in this manner, metal containers of pattern 
identical with that of the cardboard casing 
described above have been manufactured. 
These may be reloaded in the dark with bands 
of paper supplied ready for placing in the case. 

Various devices have been suggested for 
incorporation in film packs to enable a note to 
be made on each film at the t ime that the 
photograph is taken, but nothing practical has 
been evolved as yet. 

187, Tripods and Pocket-supports for Hand 
Cameras. An exposure of T l i) th second is usually 
the longest that can be given with t he camera 
held in the hand without risk of movement due 
to the involuntary movements of the body . 
While some cameras can be placed level on a 
table or a window-sill, it is not always possible 
to find a steady support or a wall conveniently 
placed against which to hold it. If the user is 
not to be greatly limited in his work with a 
hand camera, an indispensable accessory is a 
tripod, or a t any rate one of the many pa tterns 
of pocket accessories by which the camera may 

1 The frail construction of film packs renders them 
very liable to b e bent b y any abnormal pressure, a nd 
t his may lead t o diffi culties in changin g or t o the 
occurrence of streaks of fog. particularly along th e 
edges. A film pack should n ever be carr ied in the 
pocket ex cept in the cardboard box in which it is 
sold , a nd care should be taken not t o crush it in t runks 
or suit-cases in which it may be packed. 
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be fixed to a very large number of natural 
supports . 1 

A hand camera must therefore have on two 
of its sides a bush of the standard Continental 
screw-thread (§ 157) , or at least the Anglo
American thread . 2 In the case of a camera 
fi t ted wi th a changing box which needs to be 
placed flat on its back (lens pointed directly 
upwards) when changing the plate, it would he 
t roublesome to screw and unscrew after each 
exposure. For such cameras a small board is 
often supplied for screwing on to the t ripod, the 
camera being simply placed on the board either 
upright or oblong. 3 

It is of course not possible to consider the use 
of the solid wooden tripods made for portable 
professional appara tus, for such a t ripod would 
be heavier and more bulky than the camera 
itself. Nearly always telescopic metal tripods 
are used, in which the legs are divided into 
sections sliding one in another. The rigidity 
of an extended leg leaves more to be desired, as 
the diameter of the tubes is smaller and the 
number of sections is increased with the obj ect 
of reducing the length for carrying. Weight for 
weight, it is p referable to use t ripods with 
aluminium tubes of large diameter fi tted with 
brass slide-sleeves rather than tripods with 
slender brass tubes. Tubes of triangular section 
can be quite sturdy wi thout the total section 
of t he tripod being too large, as t he legs fi t 
closely against each other. The length of the 
legs is regulated by drawing out a greater or 
less number of sections. As a rule, the sections 
lock au tomatically as each is fully extended 
(some tripods with cylindrical legs have a 
bayonet catch), and for closing all that usually 
needs to be done is to press one catch on each 
leg, the whole leg then collapsing on applying 
a fairly sharp push. 

Some manufacturers supply t ripods which can 
be taken to pieces and spare parts obtained to 

1 For the p urpose of steadying a camera held ill the 
hands it has b een suggested that t he instr ument be 
held in a state of tension by secur ing a long strap t o it 
and keeping t his latter anchored under the operat or 's 
foot. 

2 Nearly a ll metal tripods are fitted wit h the English 
screw and with an adapter with an interior (female) 
thread of t he English standard and t he Continental 
thread outside. If a camera w ith the Continental 
t hread is being used, it is well to sold er this adapter 
on and so avoid losing it. 

3 I n the case of certain stereoscopic cameras advan
tage is taken of the space between the two parts to fi t 
there a conical tube, t he camera being fixed on a 
conical projection on t he tr ipod head . 

replace any that become worn, but metal stands 
which do not bear a manufacturer' s mark are 
usually irreparable. 

Tripods have been supplied, though not to 
a large extent, with a screw ring around the 
head by means of which the degree of opening 
of the legs can be regula ted and the tripod can 
thus be prevented from slipping. It has also 
been suggested that the head should be fi tted 
with a thick disc of felt or rubber, the elasticity 
of which permits the camera being rotated 
without having to turn the whole metal tripod. 

There can also be obtained commercially ball
and-socket heads, usually of t oo light a construc
t ion, and panoramic heads for the same purposes 
as wi th professional cameras (§ 157). 

Lastly, let formal mention be made of the 
walking-stick tripods, usually inconvenient 
either as sticks or as stands. 

The pocket suppor ts have their uses. They 
usually comprise a base, with screw, for the 
camera, and a ball-and-socket uniting the base 
to a kind of joiner 's clamp. The latter enables 
the fitment t o be fixed to the back of a chair, 
handlebar of a cycle, fence, or door frame. In 
some cases, the suppor t can be fixed t o a t ree
t runk or mast by a steel ribbon or chain which 
can be drawn tight by an e xcentric fastening. 
It is necessary to avoid absolutely the supports 
in which there is a wood-screw for fixing into 
t ree-t runks, a practice injurious to the tree and 
likely to bring the user into t rouble. 

188, Tests of a Hand Camera. In addit ion to 
the tests already described (§ 161) for profes
sional cameras, especially as regards the coinci
dences of the planes of the focussing screen and 
of the sensitive surface , the examination of the 
lens (§ II6) and of the shutter (§ 146) , which are 
usually integral par ts of the camera, there is 
need, in the case of a hand camera, to make the 
following tests . 

In cameras with tapering bellows, see that 
the picture is not cut off by the bellows, espec
ially when the rising front is used to any ex tent . 

In all cameras fi t ted with a focussing scale, 
verify , either by examination of the image on 
the screen, or, better, by a practical photo
graphic test, that test-obj ects such as a sheet of 
printed matter facing the camera, placed at the 
various distances marked on the scale, are 
really rendered sharply. 

In all cameras fi tted with finders it is necessary 
to see that there is at least a reasonable degree 
of agreement between the picture in the finder 
and that in the camera. If necessary, a finder 

, . 
• 
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which shows too much subj ect must be masked 
with bands of gummed black paper or with black 
.varnish. Of the two evils, it is bet ter that the 
finder should show less subject than the camera 
records, since the negative can be enlarged if 
the image is smaller than is desirable. 

It is also well to see if it is possible to fit a 
colour filter to the lens if required, and if the 
thread of the tripod screw fit s that of the bushes 
on the camera so as to allow of the latter being 
properly fixed on the tripod. 

189. Care of the Camera. A camera treat ed 
properly can give long service while retaining 
all its original qualities, but any wrong handling, 
and any attempt to force it to open or close 
w;thotlt loosening the catches or replacing in 
position the various parts, may result in serious 
damage. 

Parts where there is friction (baseboard 
runners, grooves of dark slides and shutters 
therefor, etc.) must be lubricated from time to 
time, preferably with graphite, e.g. with a 
carpen ter' s pencil at an angle , and wi th which it 
is easy to apply a very thin film of graphite, 
which considerably reduces the risk of premature 
wear. 

A photographic camera must never be left 
in a damp place, for the woodwork may swell, 
the leather covering may come unstuck, and 
the metal parts may rust or become covered 
with verdigris. If a camera has been exposed to 
rain and particularly to sea-water , it should 
be wiped with as little delay as possible. It 
should then be placed in a dry place, until the 
bellows are quite dry. A piece of wat erproof 
cloth, used also as a focussing cloth, enables the 
camera to be properly protected when necessary. 
No less important than the avoidance of a fall 
or sudden knock is that of constant vibration 
which in time causes the loss of screws fixing the 
parts together. A camera case should not be 
attached rigidly to the handlebar of a cycle, nor 

put on the floor of a car. From time to time a 
polish composed of wax and turpentine should 
be rubbed on the woodwork and leather cover
ing,! and metal parts should be rubbed with a 
rag slightly greased wi th vaseline . 

All the interior parts should be cleaned fairly 
frequently with a brush and dry rag2 

Special precautions must be taken with dark 
slides and steel sheaths. They must never be 
left in a dark room, where it is always somewhat 
damp. When in process of loading and unload
ing they should be placed on a perfectly dry 
t able, secured from risk of sp lashings of liquid. 
Blackened steel rusts very easily , and the rust 
comes off in flakes and is likely to adhere to the 
sensitive surfaces and cause spots, for which 
there is no remedy. When slides and sheaths 
are likely to remain unused for a long period 
it is well to grease them very slightly with 
vaseline, but they must be freed from the grease 
with a dry rag before using them again. These 
accessories are easy to damage if clumsily 
handled, and a dark slide or shu tter that has 
been bent is usually not light-tight, while a 
bent sheath is likely to scratch the emulsion 
surface of the plate behind it or to cause the 
changing box to jam. 

A camera should never be left in a cupboard 
except in its case. The lens should be cleaned 
(§ II7) from time to time, but not to an undue 
extent, the surfaces being liable to injury as 
the result of improper cleaning. Finally, it 
should be remembered that the shutter must 
never be oiled, and that it must not be taken to 
pieces except by an expert. 

1 B ellows of varnished leather must never be greased. 
They should be dust ed fro m time t o time with talc 
and the ex cess t hen wiped off. This prevents the folds 
fro m sticking together. 

2 For keeping fr ee fr om dust, it has been suggest ed 
that the insides of cameras and changing box es should 
be g ive n an ex ceed ingly thin coating of som e gr easy 
material , in particu lar cotton-seed oil. 
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PRODUCTION OF NEGATIVES 

CHAPTER XV 

TI-IE NEGATIVE: GENERAL REMAJU{S ON PHOTOGRAPHIC NEGATI VE PROCESSES 

190. The Wet Collodion Process. Of the many 
different photographic processes which were 
practised before the in troduction of modern 
gelati no-bromide plates and films, the only one 
which is still commonly used commercially 
(photo-mechanical reproductions, copying orig
inals for enlargement, etc.) is the wet collodion 
process . In this process each sensitive plate is 
prepared by the user immediately before it is 
required (the plate not being dried until the 
various stages of the process are finished) by 
coating a sheet of glass with a layer of collodion 
containing a sui table mixture of bromides and 
iodides. As soon as the collodion is set , the 
plate is immersed in a solution of silver nitrate, 
and by interaction between the silver nitrate 
and the ammonium and cadmium bromides and 
iod ides there a re formed in the collodion film 
silver bromide and silver iodide, whilst the 
ammonium and cadmium nitrates remain in 
solution in the excess of the " silver bath. " 
After draining, the plate is exposed in the 
camera and taken to the dark-room. H owever 
long the exposure given t o the pla te, no visible 
image appears, a condition of things which we 
describe by saying that the image is laLent . 1 It 
can be rendered visible only by the process of 
development, i .e . by treatment of the plate with 
a solution of reducing substances (combining 
readily with oxygen), e.g. a solut ion of ferrous 
sulpha te, with the addition of an acid to retard 
the process and render i t more regular , which 
reduces to the metallic state the silver of the 
silver nitrate impregnated in the film. This 
silver is deposited in minute particles only at 
points on the plate which have been exposed t o 
light, the amount of silver deposit increasing 
with the amount of exposure and thus giving 
an image. This method of development by 
precipita tion of the silver cont ained in the 
developer is a lways spoken of as physical 
development, After rinsing, th is image is freed 
from the silver salts which served as a temporary 

1 From the L atin latens, meaning hidden. 

support for it by treatment with a solven t of 
silver iodide, e.g. a solution of sodium cyanide . 
This process is called fixing . The image, viewed 
by transmitted ligh t, is opaque at the points 
where the silver is deposited; viewed by reflec
tion, especially in front of a dark background, 
it appears white,l as do alm ost all images 
obtained by physical development. 

F or details of these processes the special 
manuals on the subject must be consulted. 

I9 I. The Gelatino-bromide P rocess. The 
manufacture of gelatino-bromide plates, films, 
and papers is exclusively an industrial process. 
The emulsion of which the sensitive coat ing is 
made is obtained by mixing under suitable 
conditions, in the presence of gelatine, solutions 
of silver nitrate with the iodide and bromide of 
potassium. In this way very minute crystalline 
gra ins of silver bromide, with a little iodide, 
are formed. After washing, in order to ge t rid 
of the residual soluble salts, the emulsion 
obtained, which is a milky suspension of these 
crystalline grains in the gelatine, is coated on 
the desired base and put on the market a fter 
sorting, cut ting-up, and suitable packing. 

When such an emulsion is exposed t o light, 
no change is directly observable, except perhaps 
that after a fairly long time a slight darkening 
of the emulsion (which is yellowish-white in its 
normal condit ion) takes place . The action of the 
light has resulted in the formation of a laLent 
image, just as was shown to be the case in § I90. 

The negative image only appears when the 
emulsion is treated with a complex solution, the 
developer, of which the essential constituent, 
the developing agent itself, is a reducing sub
stance chosen from amongst a fairly limited 
number of chemical products, most of which are 
closely related to the aniline dyes. This process 
of chemical development is near! y al ways used, 

1 This property was formerly used for obtaining 
direct positives, thus imitating to so me extent the 
Daguerreotype, the foreru nner of the fe rrotype por
traits of t ravelling photographers. 
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the image being formed by reduct ion to the 
metallic state of the silver which, in the grains 
affected by light, was combined with the 
bromine and the iodine. The silver ob tained by 
chemical development is usually in the form of 
very minute matt black par ticles, the agglomer
ations of which retain to some extent the appear
ance of the original cryst als, but have a spongy 
structure compa rable with that of coke. After 
rinsing, the excess of silve r halides is removed 
from the image, otherwise they would reduce 
the contrasts and after a time would cause a 
change of appearance. This fixation is carried 
out in a solvent of silver bromide (the principal 
constituent of the emulsion), which is generally 
a solution of sodium thiosulpha te. The negative 
thus obtained is then washed to remove the 
soluble salts, and finally dried. 

I nstead of dissolving out the silver bromide 
whilst allowing the reduced metallic silver to 
remain, the silver may be dissolved out and the 
silver bromide left. When this silver bromide 
is reduced a direct p ositive image is obtained, 
i. e. an image in which the distribution of 
opaci ties and transparencies is the inverse of 
those in the normal negative. In this way is 
obtained a direct positive, which, however, 
is not usually very good, unless emulsions in 
very thin and perfectly uniform layers are 
used. 

Physical development of gelatino-bromide 
emulsions may be carried out before or after 
fixing, but as the coating does not contain any 
soluble silver salts, a solu t ion of silver nitrate 
needs to be added to the developer. 

Lastly, the possibility should be mentioned 
of carrying out development and fixin g simul
taneously , by mixing in suitable proportions a 
suitable developer and sodium thiosulphate. 

This procedure is, however, of no practical 
impor tance . 

The processes mentioned above must ob
viously be carried out in the absence of all light 
which can act on the sensitive ma terials used . 
It will be seen later that a very weak orange- red 
or green light is generally employed . 

Another method is t o desensitize the emulsion, 
after exposure in the camera , by treatment in 
a very dilute solution of certain substa nces, 
coloured or non-coloured, the ac tual coloration, 
however, playing no pa rt. A desensitized emul
sion may be developed in ample yellow light, or 
even in weak white light. 

The negat ive obta ined by the normal pro
cesses does not always possess exactly the desired 
qualities. Its contrasts may not be sufficient, 
in which case it is necessary t o intensify it. Its 
opacities may be t oo great and it may th en be 
advantageous to submit it to the process of 
reduction ,l which, according to the method 
adopted, may either increase or decrease the 
contrast s, without, however, always acting to 
the same degree on all the various tones. 

Local defects in the negative or in the 
subject, or in the distribution of lights and 
shadows in the subject, may call for spotting, 
retouching, or working-up. Finally, it may be 
necessary to separate the gelatine film containing 
the image from its support , especially from the 
glass on which it was coated, with the object of 
reversing the image as regards right and left, 
this process being known as stripping. 

1 Here and elsewhe re throughout the text the 
es tablished E nglish w ords reducer and reductio1l arc 
lIsed for the Fren ch affaiblisseu'Y a nd affaiblissenlent 
resp ective ly , that is to say in respect to red uction in 
the photographic sense. I t is hardly necessary to po int 
out that, che mically, the red uction of a s il ver image is 
an ox idizing process.-Ed . 
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CHAPTER XVI 

PREPARATION AND PROPERTIES OF NEGATIVES GELATINO-BROMIDE EMULSIONS 

192. Preparation of Emulsions. Rapid negative 
emulsions are usually prepared by pouring a 
neutral or ammoniacal solution of silver nitrate 
into a slightly warm solution of gelatine 1 con
taining potassium bromide with a small propor
tion of iodide. The mixing requires to be done 
during constant agitation, e.g. in a mixer, thus 
avoiding the possibility of the least excess of 
silver nitrate. The conditions under which the 
mixing takes place have a considerable, if not 
the chief, influence on the final characteristics 
of the emulsion. Slow, fine-grained emulsions 
are prepared from weak solutions of metallic 
salts, mixed in the presence of a large proportion 
of gelatine; large-grained crystalline rapid 
emulsions are prepared from concentrated 
solutions of silver nitrate and potassium bromide 
mixed (all at a time or in several separate 
additions) in the presence of a small proportion 
of gelatine. 2 

The emulsion thus prepared is then subjected 
to the process of ripening, which consists in 
cooking it for a given time at an accurately 
controlled temperature, sometimes after the addi
tion of ammonia or ammonium carbonate, 
unless the silver nitrate was introduced into the 
emulsion in the form of an ammoniacal solution. 
In an ammoniacal medium the cooking may be 
carried {lut for about 3 hours at 1400 F. (600 C.) ; 
the time is much longer if the emulsion is neutral. 
During the ripening, the sensitivity increases 
considerably, and, while the grain size gradually 
increases, certain of the grains" grow" at the 
expense of the smallest ones. 3 A sufficient quan-

1 It has been known for a long time that gelatin es 
frolU different sou rces (or even d ifferent lots from the 
same source) possess marked differences in their 
photographic prop erties. Some of them give much 
more rapid emulsions than others, a lthough these 
differences can only be shown up by actual practical 
photographic test s. Following from an observation by 
R. F. Punnett in 1924, S. E . Sheppard has found that 
these differences are due to the presence in varying 
proportions (from I / 200,000 to 1 / 1, 000,000) of sensitizers, 
amongst them being thiosinamine (all y l thiourea) and 
m ustard oi l (allylisothiocyanate). 

2 Gelat ino-bromid e emulsions prepared without iodide 
have a white to pal e yellow colou r, whilst those contain
ing a certain proportion of iod ide are light greenish 
yellow. B oth colours. however, change rapidly in light. 

3 Contrary to what has so metimes been thought, 
ultra-rapid emulsions with large grains cannot be 

tity of a concentrated solution of gelatine is 
then added, so that, after se tting, the emulsion 
becomes a fairly stiff jelly. 

After set ting, the emulsion is pressed by an 
hydraulic press, in a silver cylinde r, at the bot
tom of which is a perforated plate or a sieve of 
silver plates arranged on edge, so as to obtain 
shreds of about ~ in . in diameter. Whilst in this 
form the emulsion is subjected to long washing 
in cold water until the excess of bromide and 
nitrates formed during the reaction, and also the 
ammonia, are completely removed. The washed 
shreds are then kept in ice until they are used. 

After draining, the shreds of the emulsion 
are melted in a water ba th and the emu lsion 
submitted to a second ripening dur ing which 
the speed increases, without growing of the 
grains. To the liquid emulsion different sub
stances are then added, in particular chrome 
alum, which raises the melting point of the 
gelatine after it has been coated and dried; 
traces of potassium bromide (about I part 
to 100 parts of silver halide), wh ich gives a 
cleaner image; cert ain dyes for colour sen
sitizing (§ 208), and, lastly, different sub
stances (alcohol, saponin, etc.), which lower 
the surface tension of the emulsion , and thus 
facilitate coating. In this form the emulsion 
is coated mechanically on any given support, 
previously given a substratum which varies with 
the nature of the support and which is used to 
obtained by ripenin g fi ne-grained em uls ions . The effect 
of the ripening process is necessarily limited , and if it 
is pushed too far a certain number of the grains may 
become spontaneously developable by the devel oper 
without the action of light. In such a case the emulsion 
is said to p ossess chemical fog. In fact. the ripening · 
increases the s ize o f tne grains of very rapid emu ls ions 
only very slightly 

A very interesting experiment can be made by mean s 
o f a microscope having a magnification o f about 250. 
A small p iece o f a fine-grained p ositive plate (only 
slightly ripened gelatino-bromic1e emulsion) is t aken. 
and a part of it, which can be identified by means of 
guide marks in the film, is examined. The plate is then 
placed on -:. dish conta ining concentrated ammonia. If 
the selected part of the plate be examin ed from time 
to time, the formation of crystalline grains will be 
noticed; these will get larger and larger, and may 
become as much as 25 tim es the orig in a l dim ensions . 
The smallest grains d issolve in the ammonia which 
impregnates the film , fo rming a saturated solution at th e 
expense of wh ich t he largest grains grow still larger. 

[32 • 
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ensure that the emulsion adheres to the support 
during the various photographic manipulations. 

I93. In spite of the considerable progress 
that has been made in the application of the 
methods of physical chemistry to the scientific 
control of the different phases of the manufac
turing process, the preparation of photographic 
emulsions is still largely an empirical art, and 
will probably still remain so as long as the 
intimate causes of sensitivity and the exact 
nature of the latent image are not known, and 
as long as the manufacture of gelatine, a material 
of vital importance in the making of photo
graphic emulsions, does not itself make the 
considerable progress which at present it shows 
no sign of doing. 

Silver bromide precipitated in pure aqueous 
solution is spontaneously developable without 
previous action of light,' but this reduction can 
be prevented by the presence of only a very 
lit tle gelatine. 2 If silver bromide is precipitated 
in other colloidal media, such as collodion, the 
sensitivity is very low and cannot be increased 
by ripening. Thus the gelatine acts as a sen
sitizer, in addition to being the emulsifying 
agent . The presence of an iodide is necessary 
for the preparation of the best rapid emulsions; 
iodide facilitates the ripening process in that it 
retards the time of appearance of chemical fog. 
The sensitivity of the emulsion by no means 
depends on the sensitivities of the two consti
tuent salts, but only on the conditions under 
which the salts are used and the emulsion made. 
All the grains in a single emulsion contain both 
silver iodide and silver bromide (with faint 
traces of silver chloride due to the chlorides 
which are always present in commercial bromides 
and iodides and in the waters used in their 
preparation and washings), but in variable pro
portions. The largest grains, which are the most 
sensitive, contain the most iodide. 

The art of the emulsion maker is to precipitate 
the silver salts in the form of grains having the 
desired photographic qualities, with a certain 
regularity and uniformity, in commercial quan
tities and over long periods. 

Whilst it is relatively easy to obtain the 
necessary metallic salts with the desired degree 

1 Unless special precautions are taken and a developer 
containing a large amount of soluble bromides is used. 

2 If precipitated in pure aq ueous solution, silver 
bromide may, after very rapid washing, be emulsified 
by agitation in a gelatine solution, thus givin g a fine
grained emulsion. But if there be any delay before the 
gelatine is added the silver bromide agglomerates and 
cannot then be emulsified. 

of purity (total absence of copper, iron, and lead 
salts, the causes of desensitization and fog), the 
scientific testing of gelatines for photographic 
emulsions still leaves much to be desired, and 
needs always to be supplemented by an actual 
manufacturing test on a semi-works scale. The 
properties of gelatine, even of the best-known 
brands, vary considerably from one batch to 
another, and especially from one season to 
another. These variations can only be compen
sated for by more or less successful blending. 
Gelatines always contain different amounts of 
substances, formed by their degradation, of 
which some, soluble in cold water, are eliminated 
by the washings, while others, which are in
soluble, play an important role, sometimes 
useful and sometimes harmful, as regards the 
characteristics of the emulsion. 

The state of acidity or alkalinity of the 
medium exerts, at each stage of the emulsion
making process, a considerable influence on the 
photographic properties of the emulsion. 

I94. In photographic factories most elab
orate precautions are taken in order to keep the 
conditions under which the manufacturing pro
cesses are carried out absolutely constant, and 
to avoid all external causes of contaminat ion . 

A photographic factory generally forms an 
enclosed space, and is only connected with the 
outside by self-sealing doorways for the passage 
in and out of the staff of the factory and of the 
materials used. The air used for vent ilation and 
drying is filtered free from dust and brought to 
a constant t emperature and hygrometric state, 
generally by washing it in chilled brine, which 
frees the air from dust and its excess of humidity, 
and then by passing it over radiators. 

The precautions t aken to ensure cleanliness 
and asepsis are at least as thorough as in the 
best surgical operating theatres. All those in 
the factory can enter the part where the emul
sions are made only when wearing special over
alls and headgear. 

A rigorous chemical control is kept of the 
various raw materials as well as of the emulsion 
itself during manufacture and afterwards. 
Lastly, before the final coating takes place, a 
t est coating is carried out to ascertain the 
photographic qualit ies of the emulsion. All 
emulsion that is not satisfactory is treated for 
recovery of the silver. All those coated and 
issued under a maker's trade-mark may be 
regarded as emulsions of perfect quality, wi th 
their different characteristics lying between 
well-defined limits. 

• 
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195. The Sensitive Emulsion. As an item of 
interest the approximate mean of the results of 
recent analyses (1924) of ultra-rapid emulsions 
is given below 1_ 

E mulsion (dried in air) 2 per square foot. 
. 42 to 70 gr. -

Percentage Prop ortions of the Constituents 
Water . . . . . 1 0 

Gelatine .. . 55 
Silver chloride . . (t races) 
Silver bromide 33 to 32 
Si lver iodide . .. 2 to 3. 

A negative emulsion genera lly has a very 
feebly alkaline reaction. Its melting tempera-

• 
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• 
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ture when plunged in warm water is a bout 
950 F . (350 C.) in the case of fairly new pla tes 
and films, and increases slightly with age. 

196. Microscop ic exam ination of suitably
diluted emulsions (Fig. 136) shows that the 
grains of silver halide 3 in an emulsion have very 
diffe rent shapes and sizes . Under a sufficiently 
large magnification the crystalline structure can 
be clearly seen, and the fo rms identified with 

1 The appli cation of ex tremely del icate methods has 
shown that traces of free s ilver can be detected in 
ri pened emuls ions-about 2 mill ig rammcs per square 
metre. F. \Vcigert and F . Lulu, 1928. 

2 Gelatine is considered to be " dry" w hen it does 
not contain morc t han abou t 15 per cent o f mois ture; 
in this s tate it is very flex ible, but it becomes very 
br ittle when the water content drops t o 10 per cent. 

3 The generic name of haloic1 , halide, or halogen ide 
sa lts is g iven to chlorides, b romides, and iodides. 

those derived from t he" cubic " system . The 
most general shapes are t riangular or hexagonal 
tablets of t hicknesses between r /5th and I / I5th 
of thei r diameter. The large fl at faces arrange 
themselves, during drying, parallel to the free 
surface of the gelatine. Microscopic examina
t ion in polarized light shows double refraction, 
indicating the existence of internal strains which 
extend t o the gela tine surrounding the grains. 

The mean and maximum dimensions of the 
grains vary considerably with the emulsion. 
In the so-called "grainless" emulsions (very 
slow emulsions, not made commercially but used 
in certain cases where extreme fineness of the 
image is necessary) t he mean diameter of t he 
grains is about 0'0002 mm. (two ten-thousandths 
of a millimetre) , whilst in ultra-rapid emulsions 
(about 150,000 times more rapid than grain less 
emulsions) the mean diameter of the grains is 
from 0 '003 to 0'004 mm I In a single emulsion, 
the grains have very different sizes, even in 
cases where the emulsion is not made by mixing 
two emulsions prepared separately . As a general 
rule the differences in di mensions between the 
extreme grain sizes becomes greater as the 
emulsion becomes more sensi tive. In a single 
emulsion the large grains are always more 
sensitive than the small ones 2 

These grains are not usually of the pronounced 

1 The fact that the sensitiv ity docs not necessarily 
depend on the size of the grain can be shown by pre
paring experimental emu ls io ns which have a grain 
diameter a lmost double that o f ultra·rapid em ul sions, 
but a sensi tivity about a h undred times less. 

2 In an ultra·rap id em ulsion having about 500,000,000 

grains per sq uare centimetre, with d iameters lying 
betw een 0 '2 and 3'9 thousand ths of a m ill imetre, the 
d istr ibution between t he v arious s izes has been found 
as fo11ows-

L ess than o'oo r mm. . 
F ro m 0 '00 1 to 0'002 lnm. 
F rom 0 '002 to 0'003 mm. 
Beyond 0 '003 mm. . 
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• 
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T he areas of the largest grains are about 200 times 
those of the s mallest. In a s low e mu lsion fo r repro
d uction p urposes, having about 3 , 000,000,000 grains 
per sq uare centimetre, the ratio of the ex treme areas 
was not more than "[ t o 25. . 

T he d ifferent properties of the grains o f a s ingle 
emulsion can readily be demonstrated by exposing a 
piece of plate or se ns it ive film to a very bright l ight; 
a microscopic examination of the film then shows that 
the different grai ns become colou red at very di fferent 
rates. 

If all the grains of an cll""lU ls ion had th e same sensi
tivity, it w ould be imposs iblc to register w ith such an 
emulsion any valucs intermediate between b lack and 
whit e, si nce, in each region of the film a ffected by t he 
light, a ll t he gra ins would become developable a t the 
same moment . 
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fo rms and sharp edges of crystals formed freely 
in the absence of gelatine; in fact, they are not 
made up simply by the silver halides , but 
contain also a certain quant ity of gelatine and 
water. 

The t hickness of a layer of emulsion on 
negative plates a nd films in common use is 
generally from 0'03 t o 0'04 millimetre. The 
grains fo rm several superposed layers, and it is 
impossible to see t he grains individually in the 
microscope, even under strong magnification. 
What is actually observed is due to the fact 
tha t the emulsion sometimes con tains agglomer
ations of grains almost in contact, and that 
grains situa ted at diffe rent depths in the layer 
overlap one another. It is th is fact wh ich gives 
rise to the lack of homogeneity of photographic 
images (Fig. 137) seen under the largest magni
fications used in practice (such as enlargements 
and projections). These magnifications are, 
however , very much less t han those necessary 
to show the ind ividual grains. This lack of 
homogeneity is called the graininess of the 
image, and generally becomes more apparent 
for the more sensitive emulsions havi ng bigger 
grains. 1 In much of what follows grain and 
graininess must not be confused by the reader. 

The free surface of the dried image, seen by 
refl ection, appears t he brighter as the grains of 
silver there are fi ner and ra rer. The whites of 
a slow emulsion, clearer than those of an image 
with a rapid emulsion , are always brighter. 
Superficial reduction, dissolving t he grains 
nearest t he free surface, leaves a uniformly 
bright surface. 

197. The Latent Image. A very sensitive 
emulsion, fully ripened, drops enormously in 
sensitivity, and may even revert to the sensi
tivity it had before ripening, when it is subjected 
to the ac tion of oxidizing agents, which , on the 
cont rary , have no action on non-ripened or 
only slightly-ripened emulsions. Thus it would 
seem that the great sensitivity of ripened 
emulsions is due to some other substance than 

1 Grain iness is always more apparent in the clear 
half- tones (density 0'3 co rresponding t o a transparency 
of 0-5 or opacity 2'0), and is therefore often seen in 
the face in a studio portrait negative . Once present 
it cannot be reduced except by decreasing the contrast 
or the sharpness, or both. 

It has been suggested (Threadgold, 1932) that graini
ness should be stated by the relation 10D" jD *, in 
which D" and D * represent respect ively the de nsities 
measured in parallel and diffu sed light (§ 752, foot-note) , 
for D* = 0-5. T he value of this relation is usually 
between II- 13 (transparency plates) and 20-23 (ultra 
rapid emulsions). 

silver bromide . This substance, in t he form of 
nuclei distributed amongst the grains accord ing 
t o the laws of chance, is not sensitive itself but 
accelera tes the forma tion of the image. 1 

On exposure to light these nuclei take part in 
some change which occurs, giving rise to latent 
image centres, t he points from wh ich start the 
reducti on of the silver bromide on development. 
These points have been shown experimentally 
by T . Svedberg (1922). The photo-micrograph 

A c 

B D 
F IG. I37. ApPEARANCE OF EMULS iON AFTER 

DEVELOPMENT WHEN l\!I AGN I FlED 
(C. E . K i\'lees) 

A = 20 diameters. 
B = 100 

c = 400 diameters. 
D=900 " 

in Fig . 138 shows in the first picture the grains 
in a di luted emulsion after exposure before 
development, in the second picture t he 
cent res after very shor t development followed 
by fixation, and in the th ird pict ure (by super
position of the first t wo), the posit ion of the 
cen tres in the grains. 

It has been directly shown t hat if silver 
bromide is exposed long enough to an in tense 
light it is partially decomposed into metallic 

1 The sens itive nuclei of photographic emulsions may 
to a certain extent be compared w ith the minute traces 
of impuri ty which give rise to the phosphorescence of 
certain lnetallic salts , such as zinc sulphide. 

These nuclei consist of red uced silver and s ilver 
s ulphide form ed from t he sulphur sensitizers of t he 
gelatine (§ 192, footnote). The role of these nuclei 
during the exposu re to light wou ld be to orient and 
" concentrate" the silver atoms which are fread by 
the action of the light on the silver halide (S. E. 
Sheppard , A. P . H . T rivelli , and R. P. Loveland, 1925.) 
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silver and free bromine, but under the conditions 
normally prevailing in ' the formation of the 
photographic image it is impossible to prove 
directly that this takes place. This is because 
the total mass of substance decomposed is 
considerably less than the least which can be 
detected either by the most delicate methods of 
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chemical analysis, or by microscopic examina
tion under the highes t practicable magnification. 
Thus we can only make assumptions as to the 
nature of the latent image. 

However, the analytical methods based on a 
study of the structure diagrams given by X-rays 
indicate the presence of very small amounts of 
metal silver, of which the concentration increases 
gradually as the excitation becomes greater. 1 

1 The silver bromide of a sensitive enlulsion, assumed 
to be spread in a homogeneous and uniform layer, 
would be about 0'0025 mm. (1 /10,000 in .) thiclc After 
exposure to light so as to obtain on development a 
medium density, 1/ ro,000,000th part of this silver 
bromid e would be reduced t o the m et al sta te, which 
quantity is evidently much too minute t o be visible. 
By r educing the same fraction of silver by action of 
X -rays on a silver bromide crystal 2 cm . thick (i.e . a 
thickness 80,000 times greater) the colour due t o the 
liberated silver is readily visible (R. W. Pohl, 1933)· 

-

From our experimental knowledge of the 
latent image a certain number of facts are known 
of which the principal ones may be mentioned 
here. The latent image formed in a gelatino
silver bromide emulsion still exists after the 
silver bromide has been changed into silver 
iodide,l or after the silver bromide has been 
removed from the emulsion in the form of 
soluble salts (development after fixati on , § 396). 
If increasing quantities of light act on different 
regions of a single sensitive film, there are 
obtained, after development under the same 
conditions, images which at first get more and 
more opaque up to a certain maximum and then 
begin to decrease in opaci ty (reversal). There
after the laten t image is no longer developable by 
ordinary means even for a considerable quantity 
of light incident on the emulsion 2 (solarization ) . 
A latent image having characteristics appar
ently identical with those in the case of light 
can be obtained, at least with ripened emulsions, 
by the action of different reducing agents which 
have scarcely any action on an emulsion from 
which the nuclei have previously been removed 
in an oxidizing bath. If a sensitive emulsion is 
treated , after having been exposed to the light, 
with a solution of chromic acid, the latent image 
is more or less destroyed. This destruction, 
apparently complete with fine-grain emulsions, 
is incomplete in the case of those with large 
grains, the chromic acid thus being able to act 
only on the surface nuclei of the latent image, 
and not on those inside the grain. The latter 
become susceptible to development in cases 
where this is carried out after fixation.3 

The latent image may be weakened or des
troyed by exposure to red, and especially 
infra-red, light (H erschel effect, 1839), if the 
emulsion contains a soluble bromide. 4 This 
phenomenon is often better observed by long 
exposure and weak illumination than by short 
exposure to a light which is very intense. Also, 

1 In the same way a silver chloride latent image 
exist s after the salt has been changed into silver bro
mide or silver iodide. 

2 It has sometimes been stated t hat under these 
conditions the sens itive salt returns to its original state, 
but this is not correct . The reversal does not show up, 
or only very slightly, in the case of physical development 
after fixat ion. 

3 B y treatment with less strong oxid izers, and 
especially with a pure solu t ion of potassium bichromate 
(J. Sterry, 1904), the contrasts of the develop ed image 
may be diminished (§ 555), due t o weakening of the 
la t ent image. 

4 Various experiments have led this effect t o be 
regarded as a return t o the halide sta t e of the silver 
liberated at the first exposure t o light . 

• 
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it is facilitated by the presence in the emulsion 
of organic desensitizers (safranine), or some 
mineral salts (traces of copper salts) . By such 
means a positive may be obtained by exposing to 
red light, through another positive, a plate which 
has been uniformly fogged (Liippo-Cramer, 1927.) 

198. The change which takes place in silver 
bromide during a short exposure to light is so 
minute, that it was formerly thought to be a 
modification of the physical state or an allotropic 
transformation. These hypotheses, as well as 
those which assume an oxidation of the silver 
bromide, are ruled out by the fact that the same 
phenomena can be produced by means of very 
weak solutions of feebly-reducing substances, 
e.g. sodium arsenite. 

F or a long time it was believed that the violet
coloured or reddish-coloured products obtained 
by light-action on silver bromide and silver 
chloride were definite substances in which the 
silver was combined with half the quantity of 
chlorine or bromine with which it is combined 
in the normal silver chloride and silver bromide. 
It has been shown beyond dispute that these 
silver sub-halides have no separate existence, and 
are only" solid solutions" of colloidal silver 1 in 
the normal silver chloride and silver bromide. 
Thus the hypothesis which considers the latent 
image as formed of very small particles of silver 
sub-bromide can no longer h old. 

The latent image is probably silver adsorbed 
to the silver bromide, as Carey-Lea suggested 
in 1887 and as supported by experiments of 
Liippo-Cramer since 1906. This adsorbed silver 
possesses, however, certain properties which are 
different from those of completely free silver. 2 

1 By colloidal state is meant a state o f extreme 
d ivision of matter of which the particles have dimen
sions much less than the limit of resolution of the most 
powerful Inicroscopes. Because of the considerable 
surface that matter p ossesses when in this s tate, the 
phenomenon of surface adsorption (inter-penetration of 
two bodies), the effects on which are negligible in ordin
ary conditions, here plays a most important role. For 
example, if a cube of I centimetre side, of which the 
free surface is 6 sq. ems, . is divided into elementary 
cubes of 0·01 thousandths of a millimetre, the free sur
face of the same original quantity of matter is then 
equal to 6,000 square metres. The medicinal" collar
gol" is, for exalnple, a colloidal solution of lnetallic 
silver in water. 

2 This hypothesis is in perfect agreement with our 
knowledge of photo-electric phenomena, which are very 
s imilar in Inany ways to the phenomena occurring in 
photography. Thus, for example, in b oth cases the 
action of the light results in the liberation of " elec
trons" and the ionization of the sensitive material 
(J. J oly, 1905). It may be noted that these intra-atomic 
phenomena still occur even at the lowest known tem
peratures where all real chemical reactions cease, and 

199. Different Actions on the Photographic 
Emulsion. The photographic emulsion is sensi
tive not only to ordinary visible light but to all 
radiations of shorter wavelengths, especially the 
ultra-violet 1, X-rays and similar radiations 
emitted by various radio-active bodies, and even 
in certain conditions by supersonic waves. 
Images can also be obtained by static electric 
discharge in contact with the film. 

Different mechanical actions, such as sliding 
pressure2 (friction of a blunt point), rubbing, etc., 
all cause the emulsion to become developable 
(abrasion of the film), and at the same time make 
the emulsion insensitive to the subsequent 
action of light (0 . Bloch, 1915). Just like light, 
these different actions, if they are extremely 
intense, give rise to phenomena similar to 
reversal and solarization (§ 197). These reversals 
can generally be obtained much more easily if 
two different actions, or two different degrees 
of the same action, are made to act succes
si vel y on the emulsion . Thus it is that an 
abrasion can give rise to black marks in the 
whites of an image and white marks in the black. 

Contact with the emulsion of a great num
ber of reducing solutions (sodium arsenite, 
stannous chloride, etc.), or of gaseous reducers 
(sulphuretted hydrogen, hydrogen phosphide) 
causes an intense fog. 

Special mention must be made of the action 
of hydrogen peroxide,3 first noticed by W. ]. 
that the formation of the latent image is possible even 
at the temperature of liquid air (J. Dewar, 1894). It 
is poss ible that the sensitive centres themselves may 
be made up par tly of silver sulphide (§ 192, note) and 
partly of reduced silver but as particles which are too 
small to play the role of centres of attraction during 
development. The difference between the number of 
atoms of silver which make up the sensitive nuclei and 
the minimum number of silver atoms necessary to 
make the grain developable may be taken as some sort 
of measure of the inertia (inverse of the sensitivity) of 
the corresponding grains (Sheppard, Trivelli, and 
Loveland, 1925). 

1 Due to the fact that gelatine, even in very thin 
layers, is very opaque to the extreme u ltra-violet, 
these radiations can only be registered on specially 
prepared plates, on which the amount of gelatine is 
extremely small (V. Schumann, 1893), or on emulsions 
covered or superficially impregnated with a fluorescent 
body which transforms the incident ultra-violet into 
visible radiations capable of penetrating the gelatine . 

2 Pressure applied without friction to a sensitive 
emulsion during exposure usually produces a de
sensitization of the emulsion, the normal rapidity 
reappearing as soon as the pressure is discontinued 
(E. Poindexter, 1931; Ny T si-Ze, 1932). 

3 Although hydrogen peroxide may be in general a 
powerful oxidizing agent, it is known that it can cause 
the reduction of different bodies (ozone, permanganates , 
silver oxide) whilst being itself reduced. 
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Russell in 1899, and more recently studied by 
Luppo-Cramer, W . Clark, and others. 

The contact of a sensitive film, in which 
reduction nuclei have been formed by sufficient 
ripening, with neutral or acid solutions of 
hydrogen peroxide, 1 or with the vapours 
evolved by these solutions, gives rise to a series 

A 

B 

• 

normally in to the construct ion of cameras and 
plate holders. This explains the fog which is 
often found on a plate which has been left a 
long time in its holder, especially in one of recent 
construction . These phenomena cease as soon 
as the surface oxidation is completed. 1 

A specially interesting case is that of the 
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F IG. 139 . THE LAW OF TONE REPRODUCTION 

of phenomena which are all analogous to those 
arising from the action of light (such as forma
tion of a developable image, reversal, a nd 
solarization). Ozonized air has almost the same 
characteristics . 

A very large number of organic substances, 
and some metals, oxidize slowly in moist air and 
give rise to traces of hydrogen peroxide (or 
ozone), which can act from a distance on sensi
tive emulsions and cause the formation of fog. 
Such is the case, for example, with different 
woods (especially resinous woods), turpentine, 
and other vegetable essences, numerous resins, 
base resin varnishes, lignites, and, amongst 
metals, zinc, and, to a less degree, aluminium 
and magnesium. 

The reader will notice that several of the 
substances that have just been mentioned enter 

1 In alkaline solution the hydrogen peroxide becomes 
a developer of the latent image, and does not give rise 
to fog. 

action of paper on the emulsion. Niepce de St . 
Victor (1857) attributed the action on a photo
graphic plate of a piece of paper which had 
previously been exposed t o the sun to an 
invisible ray, comparable with a phosphores
cence. It is now known that this action is due 
to the formation of hydrogen peroxide by the 
oxidation of the size in moist air, and that it 
can be avoided by all bodies which destroy the 
hydrogen peroxide. Similar complex pheno
mena may be noticed when a paper, having 
printed or written letters on it, is placed in con
tact with the film; according to the nature of 
the ink, the latter may exert a more intense 
action than the paper, or, on t he contrary, the 
metallic salts in the ink may desensitize the 
emulsion, so that, after a sufficiently long time 

1 Other metals, which are non-oxidizable, act at a 
slight distance on sensitive emulsions after a very long 
stay in darkness. This action has been attributed to a 
secondary radiation produced in the metal by cosmic 
radiation (J. Reboul, 1936) . 
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in contact, the image of the text may appear, 
on development, deep grey on a clearer ground, 
or light grey on a dark ground. 1 

200. Various Actions on the Latent Image. 
If in identical conditions various parts of one 
and the same plate or film are exposed at known 
intervals of time running into hours, the nega
tive developed immediately after the last expo
sure will show different densities in the different 
parts. As a rule, the oldest latent image pro
duces a somewhat denser image, th is spon
taneous evolution of the latent image being at 
first rapid and then slower and slower. 2 More
over, it is not the same for latent images pro
duced by different radiations. 

In the case of keeping for a very long period 
between exposure and development, especially 
in a wa rm a nd moist climate, other phenomena 
become manifest : progressive fog and, usually, 
retrogression of the latent image, this retro
gression being sometimes fairly rapid with film s 
owing to the chemical action of the products of 
spontaneous decomposition of the support. 

201. The Law of Density. In order to se t 
forth the accuracy in the rendering of different 
luminosities in the photographic process, we will 
consider, not a landscape or any other usual 
subj ect, where the luminosities are distributed 
at hazard, but a scale in which the same range 
of luminosities is arranged in increasing order , 
and preferably a translucent scale which can 
be printed by contact on the sensitive film t o 
be tested in such a way as not to introduce any 
causes of error due to the lens. Let us choose, 
for example, a neutral grey prismatic screen 
(wedge) , forming a graduated scale of tones such 
as that represented in section (but with the 
height very exaggerated) by Fig. 139A. 

If we consider several points abcd equidistant 
from one another along the straight edge of the 
prism, we see that the thicknesses of absorbing 
matter at these points form an arithmetical 
progression; 3 the quantities of light transmitted 

1 T hese p eculia rities may be observed even if paper 
has been badly charred. a fact which has been employed, 
for example, in deciphering documents rescued from 
a fire (R. Davis. 1923). 

2 I n works on photographic photometry a compari 
son of the effect o f successive exposures is legi timate 
only if development is deferred for several hours afte r 
t he last exposure, so as t o p ermit the la t ent images of 
different ages to attain equilibrium (c. ] ausseran , ' 93 4). 

3 A series of numbers form an arithmeti cal pro
gression when the differences between consecu tive 
numbers are equal. For example, the numbers I. 4. 7. 
IQ, 13. 16 . .. form an arithmetical progression with 
co mmon difference 3. 

at these different points form a geometrical 
progression 1 

Take the case of several identical absorbing 
layers arranged so as t o form a scale of graded 
tints. Suppose that each layer transmits half 
of the light which reaches it. The quantities of 
light transmitted by the successive steps will 
be as shown in the table, if we represent by 
unity the value of the originally incident light. 

This fact is generally expressed by saying that 
the quantity of absorbing material (the thickness 
of the wedge in the example we are considering; 
the mass of reduced silver per unit area, in the 
case of a photographic negative) is proportional 
to the logarithm of the opacity. The name 
optical density is given to the logarithm (to the 
base 10) of the opacity. 2 

Quantity of light transmitted by 

One layer • • I x t = t 
Two layers • • • t X t = ! 
Three layers • • t x t = t 
F our layers . • t x t = r\r 

Correspondi ng 
opacity 

2 

4 
8 

16 

202. If we could obtain a negative in which 
the sil ver was distributed as shown, on a con
venient scale, in Fig. 139B, then the "wedge" 
and the negative, if superposed, would make a 
series of uniform densities, this negative allowing 
us to obtain, by a second print made under 
the same conditions, a perfect facsimile of the 
I ' wedge." 

Actually , however, it is known that whatever 
kind of sensitive film be used for one or other 
of the prints, the ideal result is never attained. 
Under the most favourable conditions the dis
tribution of reduced silver in the negative may 
be like that shown in Fig. 139c . Another copy 
made under identical conditions will not give a 

1 Numbers form a geometrical progression when the 
ratios between consecut ive numbers are the same. For 
example. the numbers I. 2. 4. 8. 16. 32 ... form a 
geometrical p rogress ion with a com mon ratio 2. 

2 \Ve will re frain here fro m definin g the idea o f a 
logarithm and will con fine o urselves to ind icating the 
connection between certain numbers and thei r loga
rithms or, what is the same thing, between certain 
opacities and the co rresponding dens ities. 

Opacities . I 2 4 B 10 16 20 32 80 100 1000 
Densi ties . . 0 0'3 06 0'9 1'0 1'2 1'3 1'5 1'9 2'0 3'0 

An optical den sity of I , measured in completely 
diffu sed light, correspond s, on a phot ographic negative . 
to a mass of s ilver of abou t 0 -0 1 grm . per sq. dec imetre 
(a mass which is variable with the grain size, the expo
sure, the conditions of development, etc ., and the wave
length of the radiations used). This mass is sometimes 
called the photometric equivalent of area con sidered. 
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facs imile of the original screen but the irregular 
scale of t ones indicated in Fig. 139D. 

The curve in Fig. 139c is called the charac
teristic curve of the emulsion . 1 

203. Numerical Expression of the Sensitivity 
of Photographic Emulsion. After attempts had 
been made to reduce the photographer's testing 
work by dividing the various emulsions into a 

1 To obtain the characteristic cu rve of an emulsion. 
a plate is exposed in a sensitometer (e.g. under a ne utral 
grey prismatic screen, called a Goldberg wedge) in 
such a way t hat the exposure (quantity of light, or 
product of the in tensity and the time of exposure) 
received at each p o int o f the plate is known. After 
devel opment, etc., and drying, the opacity is measured 
at each point of the negative, and a curve is constructed 
showing the density plotted, not against the quantity 
of light, but the logarithm of this quantity (Hurter and 
Drifiield, 1890) . 

The slope of the straight middle part of the curve 
measu res the degree of contrast o f the image relative 
to the object. This slope which increases as develop
ment is continued, unti l it reaches a maximum- which 
depends c hieft.y on the characteristics o f the plate- is 
always r epresented by the Greek letter y (gamma) and 
is known as gamma or the development fac tor. The 
value of gamma, for equal times of development, is not 
the same for exp os ures to radiations of different wave
lengths. It is generally a maxirnum in the spectral 
region corresponding with maximum sensitivity; it is 
always less in the ultra-violet. 

If several strips of the same p late have been exposed 
under identical conditions and developed for in creasing 
times in the same bath, the corresponding characteristic 
cu rves will b e as shown in Fig. 140. It will be noticed 
t hat the stra ight parts of all these curves may be 
prolonged to m eet in the point A. The position of this 
point A may be on or under the log E axis, and is 
characteristic of the group of negatives obtained with 
the e muls io n under test, after development in the given 
developer. 

In studying development and the different correct
ive operations, w e shall see the value of these con
siderations, the d etailed study of which is called 
sensitometry. 

It must be pointed out that eq ual expos ures (product 
of the intensity and the effective time o f exposu re) 
have not always the same effect even on the same emul 
s ion. An intermittent illumination always has a little 
less effect than a continuous illumination of the same 
total value, but the differences, however, are very small. 
On the other hand, for equal quantities of light-energy 
received by a photographic emulsion , the effect of a 
feeble illumination is generally less than that produced 
if the illumination is intense. Fo r example, if th e 
intensity of a light be redu ced to I / IOOth, then to 
I/ I, oeeth of its origina l value, then , to ob tain the same 
density, the exposure times must b e in creased not 100 
or 1 ,000 times , but 225 and about 3,300 times. The 
law formu lated b y K . Schwarzschild in 1899 has since 
been shown to hold strictly only in the case of extremely 
weak illuminati ons, to which the experim ents o f 
this au thor had been linlited. For each emulsion there 
appears to exist a minimum very weak- illumination 
(which is weaker the more sensitive the emulsion) below 
which it is impossible to render the gra ins developable . 

number of arbitrary classes (one of the most 
fantastic of these empirical systems was that 
due to vVarnerke), endeavours were made to 
denote each emulsion by a numerical value 
expressing some characteristic of this emulsion. 
The different Austro-German sensitometric sys
tems (Scheiner, Eder, etc.) are based on the 
measurement of the least quantity of light 
(corresponding with the threshold of sensitivity), 
which, after development under constant condi
tions (which unfortunately is not always equiva
lent to development carried to the same degree), 
produces on the emulsion an image which can 
just be detected in comparison with the region 
which has been completely protected from the 
light. The systems of Engl ish origin, which are 
all derived from the sensitometric method of 
Hurter and Driffield, l attempt to define the 
sensitivity of the emulsion by the position of the 
point A (Fig. 140), at least when this point is 
situated on the log E axis. These different 
methods of numerical expression, characterizing 
as they do different properties of the emulsion, 
have no common connection between them, and 
it is impossible to obtain precise equivalents of 
one system in another. The most that can be 
done is to indicate the approximate relation 
between the different methods of expression. 

These peculiari ti es are sometimes indicated by stating 
that photographic emulsions do not obey the law of 
reciprocity. 

The photometric properties of an emulsion cannot 
therefore be completely represented except by its 
characteristic surface (G. E. H arri son a nd C. E. Hestha l, 
1923; H. Arens a nd J. E ggert, 1928), the three co
ordinate axes corresponding respectively to illumina
tions, durations of exposure and densities. Such a 
surface is sufficiently defined by the projection of its 
contours , each corresponding to a valu e of the density, 
on the p lan of the two other axes o f co-ordinates. 

1 The method devised by Hurte r and Driffield in 
1890 for stud y ing the properties of a photographic 
emulsion has been extremely fruitful and still furnishes 
the m ost complete information on t he different prop
erties of sensitive em uls ions and represents them graph
ically under the most favourabl e cond itions . At the 
same time the mode of numerical expression of sens i
tivity prop osed by them (H and D sensitivity) has now 
(1929) scarcely a ny significance. At the time of Hurter 
and D riffie ld, already long past, the different types of 
emu lsions all had characteristic cu rves of the same 
general form , and in order to express the relative sens i
tivity of two plates it was sufficient to measure (parallel 
to the exposu re axis) the distance between the co rre
sponding curves, after the two plates had b een devel
oped to the same gamma. Since 1910, however, new 
types of emulsions have appeared with characteristics 
very different fro m those old emu ls ions, and it is 
impossible to imagine a single numerical value which 
defines at the sam e time the form o f a curve and its 
position relative to another one. 
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The numerical expression of plate sensitivity 
has become in many cases a means of commercial 
advertisement, numbers being given to emul
sions without previous consultation with a 
firm's t echnicians, so that only very rough 
values can be attached to indications which are 
given . 1 

An agreement between German makers of 
sensitive emulsions defined, in 1932 , under the 
name of DIN 4512 (Deutsche Industrie Normen), 
a method of indicating the speed of the usual 
negative emulsions, especially films for amateurs. 
A sample is exposed for r /20 second behind a 
neutral grey scale of which the densities pro
gress by 0·1. This scale receives an illumina
tion of 40 lux (artificial sunlight). After very 
prolonged development (so as to obtain the 
number most favourable to the emulsion) in a 
specified developer, the speed of the emulsion is 
stated by the density of the sensitometric screen 
under which there has been obtained a density 
superior by 0·1 to the fog density, without this 
latter exceeding 0·4. For instance, if the desired 
density was obtained (average of four t ests) 
under patch No. 18 of the screen (density 1·8), 
the speed is stated as 18°/10 DIN (with a 
tolerance of 3°/10, corresponding to a variation 
from single to double) . There is, unfortunately , 
no relation between the speeds of differen t 
emulsions, developed in condi tions such as to 
give a usable negative, and the speeds assigned 
to them after the excessive development 
(which exaggerates con trast and graininess) 
prescribed for the application of the DIN 
method. 

Themakerso f different exposure-meters (§§324-
326), Watkins, Wynne" etc., publish from time 
to time, for use with these instruments , tables 
showing for the best-known types of emulsions 
coefficients of sensitivity which represent gener
ally quite satisfactorily the average properties 
of each t ype. 

It may be mentioned that emulsions manu
factured successively under the same name by 
the same maker may have markedly different 
characteristics, the differences being sometimes 

1 It is very desirable that the quali t ies attributed t o 
different types o f em uls ions sho uld corresp ond a little 
morc closely with their real properties. Gelatino
bromide plates. which were called " extra-rapid " in 
[880 (in compariso n with collodion pl a t es, the only ones 
e mployed up to t hat time), and which a re now con
sidered as slow. have unfortunately a lways kept their 
ancient name, and all the available superlatives have 
been exhausted befo re the speed o f emulsions has ceased 
to increase. 

as great as those between emulsions of different 
makes. 

Except for the photography of subjects in 
very rapid motion or animated subj ects in bad 
light , a quality of the emulsion far more impor
tant than its speed 1 is its lat itude of exposure, 
the relation between extremes of exposure for 
the correct reproduction of a subj ect of medium 
contrast. The double coating of a support with 
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FIG. 140. C I-lA RACTE RI S TI C CURVES OF A PLATE 

a very rapid emulsion upon a slow one so that 
the latter comes into action when the upper one 
reaches solarizat ion often permits, in the case of 
a subject of which the extreme luminosities are 
in the rela tion of about I : 30, variations in 
exposure greatly exceeding a range of 100 to I. 
The characteristic curve of these dou ble
coated emulsions is usually broken. 

204. Reversal and Solarization. When a series 
of increasing exposures, extending over a very 
wide range, are given to an emulsion, it is found 
after development that the resulting density 
first increases, reaches a maximum, and then 

1 An appreciable increase (2 to 3 times) of the origina l 
sensitivity of an emuls ion may sometimes be obtained 
by giving a uniform exposure before or after t he real 
exposure, bu t in any case before deve lopment, provided 
that this exposure is not g reater tha n tha t correspond
ing t o t he threshold of sensiti vity. This is called 
sensitization by prelimina·ry exposure. The diffIculty in 
applying it is in the necessity of giving o nly an extremely 
small intensity in order to be able to regula te the time 
conveniently. It has been suggested , for example, to 
give this preliminary eXPQsure inside the camera by a 
candle or so me other very weak source, the lens being 
covered by an opal or g round glass and pointed towards 
the light at about two yards from it. The best time is 
determined by trial. 

Keeping plates or fi lms for 24 to 30 hours in a closed 
box containing some drops of mercury increases the 
speecl by about 1·5 to 2·5 without a ffecting the con
trast or the fog; this effect continues for about a 
fortnight. On exposed plates or films, the effect of 
mercury vapou r is the intensification of the latent 
image (F . Dersch & H . Durr, 1937). 
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diminishes unt il it becomes almost nothing. 
In 1880 J anssen suggested the existence of a 
second range of increasing densities beyond the 
point where the blackening had decreased to 
nothing. Thus, in p hotographing a natural 
object, it is possible, according to the time of 
exposure given, to obtain either a normal nega
tive, or an almost uniform high density (first 
neutral zone), or a more or less satisfactory 
positive (image reversed by solarization) , or, 
lastly, an almost uniform and very weak density 
(second neutral zone) . Generally speaking, the 
time of exposure necessary to obtain a direct 
positive on an ordinary emulsion is 1,000 times 
that necessary to give a satisfactory negat ive,1 
but this process is uncertain and is used only 
with special emulsions (§ 439). 

The reversal of images on gelatino-bromide 
emulsions may be avoided, or at least reduced, 
by impregnating the emulsion with differen t 
substances (sodium nitrite, salts of hydrazine, 
or paraphenylene-diamine, etc.), which absorb 
the bromine liberated from the si lver bromide 
by the prolonged action of the light; it is made 
easier by partial iodization of the emulsion (A. 
Chan-iou and S. Valette, 1935). 

Further, the effects of solarization may be 
destroyed by treating the emulsion, before 
chemical development, with solutions of 
chromic acid, or by physical development after 
fixation . 

Abnormal reversals occur in certain special 
cases. A very short exposure (of the order of 
1/50,000th of a second) to a very intense ligh t 
lowers the sensitivity of the plate and prevents 
it from fogging when again exposed t o the 
light 2 (Clayden effect) . 

R eversal of the image is also sometimes 
noticed in developing a normally-exposed plate 

1 The character of a reversed image changes con
sidera bly during very prolonged development, the 
image, which sometimes first appears as a n egative, 
becoming positive and then changing back to negative. 
Attempts have been made to explain the retrogression 
of solarization through prolonged development by 
adducing the fact that the deep-lying layers would be 
less solarized than the superficial ones, but this phe
no menon occurs also in dilute emulsions spread in thin 
coating; i t is therefore probable that solarization is 
confined to the exterior of each of the sensitive grains, 
the active centres existing in the interior of the grain 
not being able to act except after prolonged action by 
the developer. I n fact, solarization does not appear in 
a developer containing a solvent of silver halide nor in 
the case of physical d evelopment after fixation (H. 
Arens, 1934). 

2 Thi s is the effect which explains the formation of 
reversed images, called black flashes, in t he photography 
of flashes or electric sparks . 

by means of a light which is not quite safe; the 
light prints a posit ive of the normally developing 
negative on the lower layers of the emulsion, and 
this positive image may become preponderant. 
A similar phenomenon isoDserved when white 
light is momentarily admitted to the room while 
the image is still weak (Saba tier effect), due to 
the desensitization of the emulsion by the 
oxidation products of the developer (§ 330). 
This reversal occurs also if the developer is 
an alkaline solu tion of hydrogen peroxide 
(G. W . W. Stevens and R. G. Norrish, 1934). 
The result is the same whichever face of the 
sensitive layer is exposed to light for the second 
exposure (A. P. H. Trivelli , 1908).1 

205. The Accuracy of Photographic Images. 
Each brightly illuminated point of a sensitive 
film acts towards the surrounding grains as a 
secondary source of light and thus produces a 
developable image at points beyond the part 
directly illuminated until a point is reached 
where, due to absorption , the quantity of light 
transmitted is less than the threshold value. By 
the application of the laws of absorption, Fery 
(1899) showed, and experiments have verified, 
that the enlargement of the image follows an 
arithmetical progression when the quantities of 
ligh t increase in geometrical progression. This 
phenomenon is known as irradiation. H owever, 
a plate must be over-exposed at least ten times 
to enlarge to double its width a line 1/125th of 
a millimetre (this being really a spreading of 
1/250th of a millimetre on each side of the line). 
This increase of thickness has really important 
consequences only in scientific work of high 
accuracy and can be avoided by lightly staining 
the emulsion yellow or . red and compensating 
for the absorption of the light by the dye by 
increasing the time of exposure. 

Much more marked spreading of the image is 
caused by such defects as traces of aberration, 
always present even in the best lenses, and from 
slight faults in focussing. 

1 A method of stylization of images by partial reversal 
has been applied by Man Ray (193 4) under the incorrect 
name of "solarization" as it is due to a combination 
of the Saba tier and Eberhard effects (§ 343). A nega
tive (preferably one duplicate on contrasty glossy 
paper, because of the uncertainty of the result) is nor
mally exposed and developed, development being 
stopped before the edges begin to fog. It is blotted off 
(\vithout rinsing) and exposed to white light ancl 
development is allowed to continue by means of the 
developer impregnating the emulsion, after which the 
image is fixed. A copy of the negative thu s obtained 
furnished a print of very much softened contrasts of 
which the main lines are surrounded by a very distinct 
black line . 
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The limit of resolution of a photographic image 
is the smallest distance between the images of 
two points, or two parallel lines, which can be 
seen separately under a magnification such that 
the individual grains of the image are not more 
apparent than the image itself. 1 The limit of 
resolu tion diminishes in the case of very short 
or very long exposures ; it varies quite apprec
iably (within a ra tio of r·s to r ) according to the 

Albumen Type of material 
plates 

Relative sensit ivity • • • • O ' O J 

No. of separate lines per mill imetre • 125 

developer:2 and, to a lesser degree, with the 
contrast of the model; it varies with the nature of 
the emulsion but without any direc t rela tion 
with the grain size. An image localized in the 
surface of the emulsion gives greater resolu t ion 
than one formed throughout the whole thickness 
of the emulsion coating. Thus all factors which 
tend to limit the utilizable thickness of emulsion 
film lower the limit of resolution . Notable 
examples of this are coating the emulsion in a 

1 The reciprocal of this li mit of resol ution is some
times called the resolving power or t he separating power 
of a sens itive fi lm. T hus the r esolving p ower is the 
maximum number of equidistant parallel lin es per unit 
length which can be separat ely distinguished. It is 
evident that for obtaining given details in the photo
graph of a subj ect the negative can be of smaller s ize, 
as the em ulsion used possesses a higher resolving power, 
the fmal image being made by enlargement. 

The results of resolution measurements on photo
graphic images depend largely on the numerical aper
ture of the microscope lens used for the reading . A 
lens of very large aperture having almost no depth of 
field permi ts the. examination to be limited t o the 
super ficial layer, which is perfectly sharp, whereas a 
lens of small aperture with great depth of field brings 
in a ll the thickness of the image a nd therefore the 
layers where t he image is much less sharp (E. Goldberg, 
I 935) . 

2 Confusion often arises in making comparisons 
between developers from the point of view o f fineness 
of the image or fineness of the grain when the d ifferent 
p lates a re not developed to t he same d egree of contrast . 
Every developable grain will develop co mpletely if it 
is given time, and by arresting the development at an 
early stage the image is made up of finer particles, 
si nce each of them represents only a fraction of an 
originally complete grain. In this case, however , the 
contrasts are very weak. 

thin layer, the use of radiat ions which are 
strongly absorbed by the film (the extreme 
violet or ultra-violet ), dyeing t he emulsion wi th 
some colouring matter which strongly absorbs 
the active radiations (yellow in the case of 
ordinary emulsions) , and, finally, physical devel
opment or partial chemical development. 

The table given below indicates the number of 
lines per millimetre which can generally be 

Posit ive I p .. . oSlbve cme Rapid U ltra-rapid 
plates 

I 
fit In plate plate 

6 10 150 400 

62 42 35 29 

separated by different t ypes of photographic 
materials-

206. In addition to the contrac tions and 
distortions which occur in phot ographic images 
on film or on paper because of the nature of the 
support, errors of position may also arise in 
photographic images on rigid supports on 
account of contract ions and distortions of t he 
gelatine itself during drying, due t o the action 
of the oxidation products of the developer. 
Further errors of position may arise due to the 
unsymmetrical intensification of the borders of 
images close together, causing a mutual attrac
tion between neighbouring images. 

These different sources of errOr need only be 
considered in scientific photography and phot o
cartography 1. The mutual influence of adjacent 
regions of an image is generally lessened by 
using developers free from solvents of silver 
salts (e.g. ferrous oxalate) . The effec t of drying 
is reduced when this takes place slowly and 
uniformly in a moist atmosphere, or when it is 
accelerated by the use of alcohol. The effects of 
irregular drying can be overcome by washing 
the plate afresh and drying it under suitable 
conditions. Accurate measurements should 
never be made on the marginal regions of a 
photographic plate, or anywhere within about 
half an inch of the edge. 

1 Faulty registering has been met with in the copying 
of large (3 2 X 36 in .) maps owing t o the bending in 
the dark slide of plates secured only by their upper a nd 
lower edges (c. Bender, 1933) . 



CHAPTER XVII 

CHROMATIC SENSITIVITY, ORTHOCHROMATISM, AND I NFRA-RED 

PHOTOGRAPHY 

207. Action of Different Spectral Radiations on 
Gelatino-bromide Emulsions. The photographi c 
emulsion which is commonly termed" ordinary " 
should be used only in the somewhat unusual 
case when the subj ect consists ent irely of blacks, 
greys, and whites. The human eye is most 
sensitive t o green light , especially at small 
intensity, and warm colours (yellows and reds) 
appear lighter, at equal saturation, than violets 
or blues. On the other hand, unless specially 
sensitized t o colour , the photographic emulsion 
is chiefly sensitive t o the invisible ultra-violet 

p 

00 
Ultra-violet Blue-violet Green Red 

FIG. 14 1. CURVES OF VI SUAL AND PHOTOGRA PHI C 
COLOUR-SENSITIVITY 

(E = Visual activity of differen t radiations. 
P = Photographic act ivity of different rad iations 

transmitted by optica l glass. 

a nd the physiologically less active violets and 
blues (Fig. I4I). Thus, a plate sees obj ects 
a lmost as they would be seen by a colour-blind 
person (§ 3), or as we should see them through 
a blue filter, such as a piece of blue cobalt 
glass. ' 

The addition of suitable dye (generally 
erythrosine) to the emulsion before coating, or 
the immersion of the sensitive film in the same 
dye after coating, extends the sensitivity more 
or less into the green region. Such emulsions 
are said to be "sensitive to the green and 
yellow,"or, more bombastically, orthochromatic, 2 

1 I t would be incorrect to say that the ordinary 
emulsion is insensitive to the green, yellow, and red, 
but the times of exposure required to produce any 
effect with these wavelengths a re so long that f oy 
pmct£caZ purposes we can regard the em ulsion as 
insensitive to these colours. 

2 The word i sochromatic is sometimes used in the 
.ame sense. Strictly sp eaking, this should b e applied 
only to a panchromatic emulsion equally sensitive 
t o a ll radiations with equal energies, an ideal emulsion 
not yet realized in practice. 

a term which suggests that they are capable of 
rendering colours correctly . Actually, under 
the most favourable conditions, they can only 
represent natural colours as we should see them 
through a rather dark green filter, the reds 
appearing absolutely black. 

The difficulties encountered in the first 
attempts to produce a photographic emulsion 
sensitive to all visible radiations led to the 
offer to the photographer of emulsions" sensi
tive t o the yellow and red," which have lost all 
recognition since it has become relatively easy 
to produce panchromatic emulsions sensitive to 
the entire visible spectrum l This has been done 
by means of various dyes derived from cyanine, 
which are used singly or in mixtures during 
manufacture, or by subsequen t bathing. 

The contrast factor y (§ 202 , foot-note) after 
equal t imes of development usually increases 
when one passes from ultra-violet to infra-red. 
The curve representing the variations of y as a 
function of the wave-length often presents two 
stages, the one corresponding to the natural 
sensitivity in the visible spectrum, and the other 
to the range of colour sensitivity. This increase 
in contrast has been at t ributed to a more com
plete colour sensitization of the fine grains, 
which always tend to give more contrasty 
images and which would have a larger part in 
forming the image, their rapidity being greater 
to lights of longer wave-length (S. D. Thread
gold, I935). 

208. Tests of Colour Sensitivity. The first idea 
which appears t o occur to the practical photo
grapher desiring to ascertain the chromatic 
qualities of a sensitive emulsion is to photo
graph a chart of colours, such as a sample card 
of paints, first with the emulsion under test, 
then with an ordinary emulsion, and to com-

1 The sensitivity of panchromatic plates often has a 
rather marked depression in the blue-green in order to 
permit of examination of the product and packing. 
plates having t o be examined individually. This gap 
in colour sensitivity is not necessary in the case of 
films of which the manufacture and examination are 
entirely automatic and of which a statistical examina
tion is made, it being assumed that if samples taken a t 
random from point to point are perfect, the fi lm 
between these points will be so likewise (E . Calzavara, 
1935)· 
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pare the results. Nothing is more deceptive 
than such a test 1 To begin with, the surfaces 
of a ll obj ects diffuse a certain amount of white 
light. It is t his reflected light only which pro
duces the images of coloured objects wh ich 
appear on ordinary emulsions. Secondly, long 
exposures tend to weaken by sola ri zation the 
powerful effects produced by t he violets a nd 
blues, thus en hancing the effects of the rela
tively small quantities of whi te ligh t reflected 

2 I 

\ 

~ 

o 1 2 

4000 5000 

source of light as near in composition to day
light as possible. The density of the resulting 
negative is measured at various points, and the 
density curve thus obtained . In Fig. 142 is 
given a series of density curves (spect ra 
exposed to white light) corresponding re
spectively with (I ) an ordinary emulsion, (2) 
an emulsion orthochromatized with eryt hrosine, 
(3) an emulsion panchromat ized with iso
cyanines, and (I + 4) an emulsion sensit ized to 

A' 

L 
3 4-

6000 7000 8000A.U 
F I G . 142. CU RVES OF SPECTRAL SENSITI VENESS OF EMULSIONS 

from the other colours. Fina lly, and this con
cerns the reds in parti cular, a large number 
of red pigments are slightly tinged with violet , 
and the effect which may easily be attributed 
to the red will be solely a manifestation of 
the extreme sensitivity of the emulsion t o the 
violet. More reliable results can be obtained by 
means of a series of colours ph otographed by trans
mitted light, or, better still, exposed in actua l 
contact with the sensitive emulsion and com
paring the relative effec ts of the various colours. 
When the series of colours is made by t he 
juxtaposit ion of defin ite coloured filters covered 
by a neutral grey graduated wedge, one can 
form an idea of the relative sensitivities to the 
various colours, and the " coefficients " for use 
with these screens.2 

209. The only really reliable method is the 
spectrographic one. The emulsion under test is 
used to photograph the normal spectrum of a 

1 There have been placed on the market (by IIford 
Ltd. in I927, and si nce then by vari ous other makers) 
colour test charts specially prepared for test s of colour 
sensitivity , in which each colou red band is extended by 
a grey band of the same luminosity . The light is 
reflected with th e same intensity by the two band s. 
The test of a perfect orthochromatic rendering is 
afforded by the exact m a t ch of the two scales in the 
photograph. 

2 As a deep yellow fil t er a nd a red fil t er tra nsmit 
almost all the non-absorbed spectral regions wh ile a 
bl ue filter or a green fi lter scarcely transmit more tha n 
60 per cent, sometimes all that is done is to juxtapose 
o n the neutral grey wedge a colourless filter, a yellow 
filter (limited t owards 500 Ill!<), and a red t richrome 
selection fi lte r. It is then adm itted t ha t the effect of 
t hc bl ue is equal t o the difference of effect s under the 

10-(f· 5630) 

infra-red with dicarbocyanines . Each one is 
chosen as an average representative of its class . 

These curves show that the sensitivity to the 
blue remains predominant, and that a photo
graphic rendering does not agree with our visual 
perception of the luminosities of various colours 
unless the intensity of the blues be weakened 
considerably. This is the part played by the 
yellow filter, which is a regular adjunct to 
the use of orthochromatic and panchromatic 
emulsions. 

Comparison of the spectral curves o f density 
of photographs obtained with different spectro
graphs, or in spect rographs of the same type 
illuminated by different light sources, leads to 
inexact conclusions. It is sufficient , for insta nce, 
to use a p ri sm spect rograph or to illuminate a 
diffraction spectrograph by a naked incandescent 
lamp in order to cause the appearance in t he 
red of a sensitivity very much superior to the 
sensitivity to blue, which does not agree wi th 
actual pract ice. 

210. Yellow Filters. Brownish-yellow glasses, 
coloured throughout their substance, were used 
at first as yellow filters. l They were pract icall y 
equivalent to a combined light orange-yellow 

colou rless and yell ow filters, th e effect of the g reen 
being the difference of effects under the yel low and 
red fi lte,-s. S trictly speaking, t he "neutra.i g rey" 
wedge is never perfectly neutral, and it should be 
calibrated for each of three spectral regions considered 
(see also § 214). 

1 See Chapter X I for information co ncerning opti
cal properties of coloured filters, their best working 
positions, and their preservatio n. 
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fil ter and a smoked glass, the latter absorbing 
all radiations uniformly without any useful 
effect. 1 The only really effective filters which 
could be prepared at that time were made of 
coloured liquids (solutions of metallic salts, or 
of artificial dyes) contained in glass cells with 
parallel sides. 

The enormous progress made since 1 900 in 
the methods for the preparation of gelatine 
filters (coloured gelatine2 unprotected or sealed 
between two pieces of plane-parallel plate glass) 
has gradually led to the abandonment of all 
ot her types. 

Yellow filters of very different absorbing 
powers are used , according t o circumstances. 
In Fig . 143 are given the a bsorption curves of 
several standard filters, as follows-
00 P ractica lly colo urless screen, absorbing only the 

ult ra-violet. 
[, 2 , 3 . Co mpensating screens of variou s d epths, absorb

ing more or less of t he blue and v iolet . 
G Contrast screen. comp letely a bsorbing blues and 

violets . 

ION M lKH h_G,.- __ ....;f _bE 

o 

G 

GO 80 20 40 60 80 20 
400 500 

Wave-lengths, in l-000,oOOths. ofmm. 

FIG. 143. ABSORPTION CURVES OF 
LIGHT-FIT~ TERS 

1 I n spite of the advances made in their m a nufac
tu re, filters of coloured glass a re no t so uniform n or 
so transparent. a t equal efflcioncy. as fi lters of dyed 
gela tin e. Their one ad vantage is less fragil ity. A 
reput able m aker o f yellow glass filters s tat es tha t h e 
scraps filters of whic h the uniform absorption (equiva
lent t o the incorporation of a sm oked glass) exceed s 
15 p er cent. 

2 The basic dyes (§ 602) a re usually those that have 
sha rply cu t a bsorption bands. but they are r ather 
unstabl e and . there fore. a cid dyes a re preferred for 
p rep a ring colour filters . These have a n a lmost as sharp 
a n absorption. but a re fa r more stable. The direct 
d yes (used especia lly for dyeing ceHophane) a re very 
perma ne nt. but their a bsorption bands a re shad ed off 
and they can be used for d ecora tive purposes only. All 
the dyes transmit infra-red. 

• 

Though normal orthochromatic filters are 
usually yellow, 1 it does not necessarily follow that 
all yellow filters are sui table for orthochromatic 
work. 2 

It may be said that, in conjunction with a 
suitable yellow filte r , an orthochromatic emul
sion records different colours with luminosities 
comparable with the apparent luminosities of 
the colours when viewed through green spec
tacles. Under t he same conditions. a pan
chromatic plate records the colours wi th as 
nearly as possible the same luminosities as we 
should assign to them when viewing with the 
naked eye. 3 

211. The Factors of a Colour Filter. The use 
of a coloured filter, which absorbs a greater or 
less proportion of the photographically active 
rays, necessitates an increase in the time of 
exposure to obtain the same densities when 
exposing on a neutral grey scale, with and 
without the filter. The ratio of the exposure 
times with and without filte r gives the coeffi 
cient (o r multiplying factor, or. simply, factor) of 
the filter for the particular type of emulsion 
and illumination employed. 

Many photographers imagine they have com
pletely defined a colour filter by giving one 
factor. Now, two filters having t he same factor 
with respect to a given emulsion, and under 
given conditions of illumination (tha t is to say, 
two filters t hrough which the optimum times 
of exposure will be the same multiples of the 
optimum t imes of exposure without the filters) . 
may have very different factors, with respect 
to another emulsion or under different condit ions 
of illumination, and under the same working 
conditions these filters may produce very 
different results. 

212. \ >\Then viewing objects by daylight, the 
relat ive effect s of the three colours on the eye 
are in the following approximate proportions: 

1 The most perfect lTIodern panchroma tic e m uls ion s 
being m uch 1110re sensitive t o red than to green , it is 
c li st o ma ry t o u se with t hem greenish yellow filters 
absorbing a trace of r ed in ord er t o avoid a n incorrect 
p redOlninance of red in phot ographic renderi ng. 

2 I n particular , specia l ftI ters for llSC with plates for 
colour photography necessarily transmit t oo much 
violet and blue to form efficient orthochromatic filte rs. 

3 Some manufacturers o f panchromatic plates will 
supply on d e mand a filter t hrough which t he lumin
osities of t he variou s colours appear to t he eye as they 
would be registered on t h e plate u sed without fi lter . 
By super imposing on this v isua l filter the filter it is 
p rop osed to use for the p hotograph. the su bject is seen 
with t h e same relative luminosities it will h ave in the 
final phot ograph. 
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red, 34 per cent ; green, 60 per cent ; and blue, 
6 per cent. The ideal fil ter reduces the respec
tive effects on the sensitive emulsion to these 
proportions. We can see from this that the 
most sui table filter for a certain type of emulsion 
will not be as suitable for another very different 
type of emulsion. . 

Consider the case of a panchromatic emulsion, 
equally sensitive to the three groups of spectral 
radiations. This has not yet been realized in 
prac tice, it is true, but has been very nearly 
approached owing t o the great progress since 
I 905 . What should be the absorption of a filter 
giving, in conjunction with this emulsion, a 
photographic rendering of colours similar to 
the representation by an artist of the same 
colours in a charcoal drawing or engraving? 

If we assume that in daylight the energy is 
distributed about equally between the three 
large spectral regions in question, i.e. 33 per cen t 
for each, we can say that the intensit ies of each 
group will be converted to the desired relative 
values by a filter transmitting 51 per cent of 
the red, 90 per cent of the green, and 9 per cent 
of the blue. Th is yellowish-green filter thus 
transmi ts altogether half the white light, and 
this will be compensated if we double the 
exposure. 

Suppose we use the same filter with an ortho
chromatic emulsion practically insensit ive to 
the red, and having a spectral sensitivity to the 
green and blue of 20 per cent and 80 per cent 
respectively. Apart from subj ects consisting 
entirely of blue and greens, the result cannot 
possible represent t he visual impression, since 
the red radiations, so active to the eye, have no 
action at all on this emulsion. 

With a filter transmitting 90 per cent of the 
green and 9 per cent of the blue, the photo
graphic effec t through this filter will be : for 
the green (0 '20 X 0'90) , or 18 per cen t of the 
total effect when the filter is not used, and for 
the blue (0·80 X 0'09), or 7'2 per cent, making 
altogether 25 per cent. T o compensate, we must 
in this case give four t imes the exposure. 
Further, while the effect of the blue in the 
forma tion of the image on a panchromatic plate 
represents only 6 per cent of the total effect, it 
represents in this case (7 '2/25'2) = 28 '5 per cent 
of the light-energy utilized . The efficiency of 
the filter is thus considerably reduced. 

Finally, let us suppose that the same yellow 
filter is used with an ordinary gelatino-bromide 
emulsion, in which 2 per cent of the image is 
formed by the green and 98 per cent by the blue. 

The introduction of the filter reduces the effect 
of the green to (0 '02 X 0'90) , or 1·8 per cent, 
and of the blue to (0'98 X 0'09), or 8·8 per cent, 
altogether 10·6 per cent. To obtain the same 
image of a grey scale we must expose nine times 
as long as without the filter. The effect of the 
blue in the image thus formed amounts to 
(8·8/10·6), or 83 per cent of the light-energy 
utilized. The efficiency of the filter in this case 
is thus practically nil. 

Whilst, relative t o a constant illuminant, a 
given yellow filter may have factors equal to 
2,4, and 9 respectively, for the various emulsions 
considered, a neutral grey filter transmitting 
uniformly 50 per cent of all radiations has an 
invariable factor of 2, whatever the emulsion, 
and an efficiency of o. 

It is only due t o the fact that the filters used 
in the early days of orthochromatism had effi
ciencies almost zero (being little better than 
smoked glasses) that they showed in all circum
stances an invariable factor. Moreover, with 
orthochromatic plates, they gave results little 
differen t from those obtained on ordinary 
emulsions. These facts are largely responsible 
for the erroneous ideas which have spread 
among photographers. 

2 I 3. We shall discover other variations in 
the value of the factor if we consider how the 
ideal panchromatic plate behaves, in conjunc
tion with a greenish-yellow compensating filter, 
relatively to various kinds of artificial illumin
ants. The data for various cases are given in 
the following table. 

r-,'Iercury Arc Gas-filled 
vapour lamps lamps 
lamps (half-watt ) 

A pproxima te percen tage Red - 60 6[ 
proportions of rays of Green [0 '5 3' 
different colours in tbe Blue 90 [5 7 
light-source 

Proportion of rays of diff- Red - 3°'6 3 1 ' [ 

eren t colours transmitted Green 9 :22'5 28·8 
by the filter re latively to Blue 8, [ "3 0·6 
100 white light withou t -
filter . • • • Total 17- I 54 '4 60'S 

- -
Factor of filter • • • 5 '9 [ ·8 1-65 

Net effect of blue in formation of 
• 

47% 2'4% 1% image • • • • 

-

In short, the factor of a filter is higher the 
more active the absorbed radiations in their 
effect on a given emulsion, or the greater the 
proportion of them in the light emitted by the 
illuminant used. 
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214. Experimental Determination of the Fac
tors. The only elements of the subject which 
retain t heir relative luminosities after introduc
tion of a colour filter are the whites, neutral 
greys, and blacks. Each value of the factor of 
a colour filter is, thus, the ratio of two times of 
exposure, which, with and without the filter, 
gi ve images of the same densities, a ll other work
ing conditions being the same (same em ulsion, 
same ill umination, same development , etc. ). We 
therefore choose a subj ect , such as a photograph 
on paper developed t o a neutral t one, or a 
gradated scale on bl ack carbon tissue, and 
make tentative exposures until we obtain 
through the filter an image equivalent t o that 
obtained without the filter. 

The cos t of these trials can be greatly red uced 
by making them on different parts of the plate 
or [tim for the use of which we wish to determine 
the factor. The parts of the sensitive film not 
being used in a test are covered successively by 
means of masks suitably placed in the camera, 
or the photograph chosen as subj ec t may be 
mounted to a slide in front of a deep box lined 
with black velvet, so as to afford an absolutely 
black background. Several exposures can then 
be made, s liding the origina l between each, 
without any other adjustment. 1 

215. Self-screened Orthochromatic Emulsions. 
Attempts have been made to relieve the photo
grapher of the need to use colour filters by put
ting at his disposal orthochromatic emulsions 
containing, in add it ion to the colour sensitize r, 
a yellow colouring matter, which to a certain 
extent plays the part of the screen . 

From t he fact that this colouring matter , 
which absorbs the excess of the blues and 
violets, is in the emulsion, instead of acting on 
the incident light before it reaches the emulsion, 
it is necessarily ineffective for the part of the 
image recorded in the surface layers of the 
emulsion . Actually the effect will be produced 

1 The determin ation of the facto rs o f co lo ur fi lters 
under v arious conditions can be made straight away 
if there are available a neu tral grey wedge and rcla ti vel y 
lo ng b a nd s of gelatine filters iden tical with those used 
in prac tice . I t is suffi cient to ex pose to the light a 
sa mple of the sens itive material, in resp ect to which 
w e w ish to ascertain the factor, und er the co mbined 
neutra l g rey wedge, and bands of coloured gela tine, 
these be ing placed in the sam e direct ion as the density 
va riation s. After d e velopment, it will be found that 
the sensitive fil m has recorded bands of id entical 
gradation , but more or less shifted relative to the part 
exposed w itho ut filter. T h e prod uct o f the sh ift a nd 
the density variation per un it o f length of the neutral 
grey screen represents the" logarithms" of the required 
factors (L. P. Clerc, 19I1 ) . 

by the superposition of two images, of which 
the superficial one is practically identical with 
one obtained on a normal orthochromatic 
emulsion used without a filter, and consequently 
very slightly different from that produced by 
an ordinary emulsion . The deeper image formed 
by the light filtered through the yellow surface 
layers is, however, orthochromatic. 

Any working condition which causes the 
surface image to predominate (short exposure, 
rapid development in a concent ra ted bath , etc.) 
will reduce the orthochromatic effect of these 
emulsions, and the best results are obtained by 
favouring the formation of the deeper image 
(ample exposure,l slower development in a 
relatively dilu te bath). The orthochromatic 
effect will be always more marked in the light 
parts of the subj ect (e.g. sky) than in the dark 
parts (shadows). Under the most favourable 
circumstance3 these plates give (i n dayl ight) 
results comparable with those obtained on 
norma l orthochromatic emulsions with a light 
yellow filter, of which the fact or is about 2 . 

The directions" for use without screen" need 
not be taken literally , and the orthochromatic 
efficiency of these pla tes will be greatly im
proved by using even a light yellow filter 
with them. 

216. Orthochromatism in Practice Portrait
ure, As is well shown by Figs. 144 and 145, 
the advantage of orthochromatism is indisput
able (and is not disputed) in such cases as 
flowers, and some photographers consider it 
quite sufficient to use orthochromatic emul
sions, refusing to adopt panchromatic plates or 
films." Others, however, in spite of a ll evidence, 
still deny the advantage of orthochromatic 
methods. 

From what has already been set forth (§ 212) , 
it i3 clear that with a panchromatic emulsion 
the efficiency of a yellow filter is always greater 
than with an orthochromatic emulsion, the 
factor considerably lower, and the exposure 
consequently shorter. It is in these respects 

1 These circumstances are also th ose favourable to 
ha lation (§ 23 1) . Thus , whe n p lates coat ed with these 
emu lsions are used , they should be protected from this 
e ffect . 

'It is o nly right to add t ha t for a long t ime the 
q uality o f panchromatic emu lsions left a great deal to 
b e desired, a nd the necess ity of groping in t o tal dark
n ess w h en hand ling them did not t end to p opularize 
them. The great progress made by many makers, and 
the possibi lity o f deve loping these emu lsions in a 
relatively bright light afte r desensitizing (Cha pter 
XXVII). have rendered their use as easy and certain 
as that of the ordinary emu lsion. 
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that the panchromatic emulsion has a marked 
advantage over the orthochromatic emulsion, 
excepting, of course, in the somewhat rare 
cases when the subj ect is devoid of apparent 
reds. 

The essen tial part played by the red radiations 
in the colouring of the face is shown by the 
complete alteration of the colours in the light 
of a mercury arc. This quali ty of the mercury 
light is not, however, a disability in cinema 
studios, where the actors are" made up." The 
orange coloration of the skin, with spots and 
red streaks, yellow freckles, and small reddish 
veins running along wrinkles, are not particularly 
noticeable on anyone's face, but are considerably 
accentuated by a photograph on an ordinary 
emulsion. In order to avoid rendering the skin 
too dark, the photographer over-exposes, thus 
sacrificing detail and gradation in light clothing. 

The use of an orthochromatic emulsion with 
a yellow filter 1 considerably assists the rendering 
of blonde or red hair, blue eyes, the purplish 
shadows which give the eyes their relief, lips, 
and certain colours of the dress, but still leaves 
a great deal to be retouched, e.g. minute defects 
in the skin , wrinkles, etc. The use of pan
chromatic plates, however, leaves nothing for 
the retoucher to do beyond taking out mechan
ical defects in the sensitive film, and the" re
j uvenescence" of the sitter, often necessary 
but obviously not capable of accomplishment 
by any photographic process. It is very pleasing 
to disguise t he signs of increasing age, and it is 
certainly the use of a panchromatic emulsion 
with appropriate illumination that avoids this 
inevitable change more sa tisfactorily than the 
use of ordinary emulsions. 2 

217. Landscape, Aerial Perspective and Mist. 
Among pictorialists in photography those who 

1 ' 'lith the exception of the m ercury lamp, all the 
usual sources of artificial light emit radiations ri cher 
in green and richer s till in red than daylight. They 
may. therefore , be regarded as emitting white light , 
the blue and v iole t of which would be more or less 
comple tely a bsorbed by a yellow fi lter. This indicates 
the possibility, when working with such illuminants, of 
reduc ing the time of exposure (or redu cing the amount 
of light used) by employing panchromatic emulsions, 
which make use of a ll the light rays instead of only a 
small proportio n, al so the possibility of being able t o 

. di spense with the yello w fi lter m ore frequen tl y when 
working with orthochromatic or panchromatic emul
sions (th ese latter may even require a blu e-green fi lter 
t o absorb th e excess of red). 

2 The photograph of a negro on an-em ulsion sensitive 
to infra-red produces, as regard s skin pigrnentation, 
the a lmost complete illu sion that it is the photograph 
of a white . 

exercise a large measure of personal control and 
produce works which owe nearly as much to 
the brush as to the photographic process
orthochromatic methods are often considered 
useless for landscape photography. But for 
those who wish to obtain by purely photographic 
methods a tone rendering as near as possible to 
the interpretation of an artist using only black 
and white, the only process for photographing 
a landscape is on an orthochromatic or pan
chromatic emulsion with an appropriate colour 
filter. 

Two things have to be considered in the use 
of orthochromatic methods in landscape work : 
the rendering of distance, and the interpretation 
of different colours. 

218. In a negative of open country, taken 
without special precautions, the image of the 
distance is always shrouded in a more or less 

. dense mist, in which details disappear which, 
at the time of taking, were easily perceptible 
to the eye through the bluish haze near the 
horizon. 

The effect of this atmospheric haze is experi
enced nearer to the camera according as the 
atmosphere is less pure. Even when the atmo
sphere appears (0 us absolutely clear, it is in 
fact a turbid medium, the effect of which is 
greater in correspondence with the space 
extending between distant objects and the lens. 
Like all turbid media, it is practically trans
parent to yellow and red rays, but s tops in 
increasing proportions greens, blues, violets, 
and ultra-violet rays. These radiations are not, 
however , absorbed appreciably, but diffused in 
the same way as any light is diffused by a fog 
or mist'; hence the peculiar appearance of 
photographs obtained by ultra-violet radiations 
solely (§ 4). 

The following observations serve to prove the 
select ive properties of the atmosphere. Dark 
objects a long way off always appear bluish, 
and snow, golden. The sun appears redder the 
lower it is on the horizon because it is then seen 
through a greater thickness of air. The pure 
blue of the sky at the zenith in fine weather is 
due to the light diffused by the atmosphere, 
and if the sky passes to a bluish white towards 
the horizon, it is because the light then is 
diffused by a thicker layer of a more diffusing 

1 The respective intensities o f the varioll s radiation s in 
light thus d iffu sed a re inversely p roporti onal t o the 4th 
p ower of the wave-length (Lord R a yleig h). vVhen pass
ing from ultra-violet 3,500 to infra-red 8.000 A.U. , the 
intensity of mist is therefore reduced in the relation 
(8/3 '5)4, i.e. 27 : 1. 

• 
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medium (by reason of the dust, always more 
plentiful near the ground), the blue radiations 
being accompanied, but in reduced quantities, 
by the other components of white light. Finally, 
in a fog, shadows appear blue, and a lamp 
appears to emit red light as soon as one walks 
away from it. 

The haze of distance and the progressive 
weakening of the coloration form the principal 
factors in aerial perspective, which gives one an 
idea of the respective distances of the various 
elements of a landscape. The use of an emulsion 
which is only sensitive to the blue, violet, and 
ultra-violet, necessarily exaggerates the effect, 
which many artists have used to excel!ent 
advantage but which cannot be an advantage 
in straightforward photography. The use of 
orthochromatic or panchromatic plates with a 
suitable yellow filter 1 renders the contrasts of 
the distance at their visual value or exaggerates 
them, the photograph recording details which 
could not be seen with the naked eye at the 
time of exposure. 

There are two applications of photography 
in which atmospheric haze is the cause of 
special difficulties, viz. photography at a great 
distance with telephoto lenses of high magnifica
tion, and aerial photography at great altitudes. 
In both cases the subject is entirely situated in 
the distance, of which the bright parts will be 
yellowed and the dark parts blued. Hence, 
considerable reduction of contrast, so that the 
image on the negative is very faint, a practically 
uniform haze being chiefly recorded. To reduce 
or remove atmospheric haze, in this case, filters 
of greater absorption than the usual ortho
chromatic filters must be used. 

In telephotography long exposures have to be 
made, owing to the low intensity of the greatly 
magnified image, and one is forced to use a 
stout camera and a heavy rigid tripod, so that 
a deep yellow filter may be used, e.g. a filter 
having an absorption represented by curve G 
in Fig. 143. This transmits only the green, 
yellow, and red, and has a factor somewhere 
between 8 and 20, according as a panchromatic 
or orthochromatic emulsion is used with it. 

1 N umerous experiments have established the fact 
that of the different radiations fro m a misty atmosphere 
the invisible ultra-violet occasion the most diffi culty. 
One can obtain an appreciable improvenlent in the 
rendering of distance by using colourless or practically 
colourless filtcrs absorbing ultra-violet and practically 
no other rays . Conversely, a yellow filter which absorbs 
the violet and transmits the ultra-violet, althou gh 
appearing identical with a correct filte r, is practically 
useless fro m this point of view. 

In aerial photography, where the circumstances 
always necessitate a very short exposure of the 
order of ,hi sec. , it is not generally possible to 
use filters of this degree of absorption, but the 
contrast of the image will be greater, and 
in consequence its legibility improved, accord
ing as it is possible to use a filter of greater 
depth. 1 

2I9. The use of a light yellow filter, however 
light it is, suffices to increase the contrast 
between the white clouds and the deep blue of 
the sky, and at the same time to reduce the 
contrast between the sky as a whole and the 
ground. A yellow filter of factor of 2 at most 
on a panchromatic emulsion, or 3 on an ortho
chromatic emulsion, reduces the sky to its 
correct value relative to the earth, whilst still 
allowing the camera to be used in the hand. 
The greens of spring will, at the same time, be 
greatly lightened, but the greenish-blue foliage 
of fir trees will not be grea tly improved
especially if one uses an orthochromatic emulsion 
having a minimum sensitivity corresponding 
with the greenish-blue. A deeper yellow filter, 
used with a panchromatic emulsion , for which it 
has a coefficient of 3 to 4, assures a satisfactory 
correction of the blue-greens and also of autumn 
foliage, which are practically impossible to 
render correctly on an emulsion insensitive to 
red. 

In orthochromatic photography, insufficient 
exposure t ends to give an effect of over-correc
t ion, which is as undesirable as the absence of 
all colour correction. In a photograph of a 
landscape taken on an under-exposed plate the 
sky tends to be too dark, the distance too strong, 
and the nearer parts too contrasty. Actual 
over-correction with normal exposure is very 
rare, and occurs only when an excessively 
absorbing filter is used. 

220. Photography of Coloured Objects. The 
photography of coloured objects present con
siderable difficulties in some cases, especially 
when the" effects" of the subj ect to be repro
duced are entirely dependent on the contrast 
of colours, the tonal contrasts being very weak, 
as is the case, for example, with tapestries and 

1 The English and American air services, using very 
wide-aperture lenses and rapid panchromatic plates . 
having high sensitivity in the r ed, have been abl e. with 
the help of reddiSh-orange filters. t o obtain excellent 
photographs of ground covered with a light fog,through 
which ouly occasional details of the earth appeared 
visible when flying over it. One can not hope, how ever, 
to pierce an opaque fog by using red or infra-red rad
iations 
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many modern pictures. An isochromatic ren
dering, in the strict sense of the word, which 
represents each colour by an intensity of grey 
proportional to its luminosity, will cause the 
design of the obj ect reproduced t o disappear 
almost completely, whilst non-orthochromatic 
photography will ruin both the tones and the 
forms, a pattern in green and red being rendered 
as a uniform black. No fixed rule can therefore 
be given. Taking into consideration the type 
of subject and the result required, a different 
filter must be chosen in each case, so as to 
render each colour with a luminosity which 
differentiates it from the adjoining colours. 

In the more general case, when the subject 
presents both contrasts of colour and tone, 
better results can often be obtained by using 
a panchromatic plate and a yellow filter, 1 

rendering each colour by the luminosity with 
which it is customarily seen by the eye (Figs. 
146 and 147). If t his general correction leads 
to neighbouring colours being rendered in the 
same t one, it may be advantageous to lighten 
the reds a little rela tively to the greens, in order 
to compensate for the normal attraction of the 
eye to the reds. 

221. When it is wished, by reason of the 
character of the subj ect, to make the reds, 
greens, or any other colour, predominate, or 
when it is desired to minimize the contrasts, 
e.g. in a photograph t o be coloured, while 
main taining the limits of the hues, the use of a 
series of coloured filters of different depths and 
colours, ranging from greenish-yellow to orange, 
may be dispensed with by using the process of 
multiple exposures. 

A rigorously isochromatic reproduction may 
be made by using in succession during the 
exposure the three normal three-colour filters 
(Chapter XLIX), blue-violet, pure green, and 
vermilion-red , each of them being used for 
one- third the time of exposure necessary to 
obtain a com plete image (triple exposure of 
Lippmann). 

Such exactness is rarely required, the blues 
nearly always being darkened relatively to the 
greens and reds, and a good orthochromatic 
reproduction is generally obtained by using only 
green and red filte rs, e.g. for the respective 

1 A perfect colour rendering is possible on ly if the 
fil ter absorbs the near ul tra-violet tran smitted by glass, 
and if the enl ul s ion is not sensitive to infra-red. So me 
whites are, as a matter of fact, rendered as blacks if 
ultra-violet has a dominant influence, and infra-red 
renders as white or as a VC1'Y light grey a large number 
of colours and even certa in blacks. 

times of exposure equal to two-thirds and one
third of the normal t ime of exposure for the 
complete image. To cause the reds t o pre
dominate, the proportion of the exposure under 
the red filter is increased and the propor tion 
of exposure under the green filter correspond
ingly reduced. The greens may be lightened 
rela tively to the reds by variation in the reverse 
order. 

222. The photography of almost monochrom
at ic obj ects taken by themselves must be treated 
in a very different way. 

The practical rules follow from the following 
principles . 

(I ) To render the various intensities of a 
single colour by gradated densit ies from black 
to white (an object consisting only of inter
mediate shades between a pure colour and 
white), the photograph must be taken by means 
of rays absorbed by t he colour in question, but 
the absorption must only be complete in the 
maximum intensity of the colouring. For 
example, for a piece of Delft ware, having blue 
decoration on a white ground , a panchromatic 
emulsion and red filter should be used . 1 

(2) To reproduce, by gradated densities from 
black t o white, the various luminosities of a 
uni-coloured object , presenting only intermediate 
shades between a saturated colour and black, 
use must be made of only the radiations most 
completely reflected by the colour of the object. 
For example, t o show the veins of a piece of 
mahogany furniture (without considering the 
ground), a panchromatic emulsion should be 
used wi th a red filter. 

(3) Maximum contrast (Case I ) being incom
patible with maximum detail (Case 2), if detail 
cannot be sacrificed to contrast, or vice versa, 
tha t is to say, if the subj ect consists of both 
light and dark shades of t he same colour, a 
compromise must be made between the two 
contradictory conditions given above. 

These conditions are fulfilled with sufficient 
approxima tion by choosing from a se t of three
colour filters that th rough which the subj ect 
appears to greatest advantage. 

223. Photography with Infra-red Rays." There 
1 An application of th is principle has been m ade by 

E. Calzavara (1927) to t he photo-micrography o f 
histological specimens colo ured by a cryptocyanine 
(sensiti zer for the infra-red ), the pho tograph s bei ng 
recorded entirely by the infra-red on emulsions sensi
tized by the same cryptocyanine, with in terposition 
o f a fi lter absorbing all other active radiations. 

2 I t should be borne in mind that cameras used for 
infra-red photography must not contain any material 
transparent to these rays, unless covered with an 
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are commercial infra-red emulsions of three 
types with spectral limits of sensitivity at about 
9,000, II ,OOO, and 13,000 A.U., their respective 
maxima being at about 8,500, 9,500, and 10,500 
A.U. All these emulsions are practically insensi
ti ve in a more or less extensive area comprising 
most of the green and the yellow. 

Whereas plates and films of the first type can 
be kept for several months without specia l 
precautions before becoming fogged to a trouble
some extent (provided that their packing in
cludes a sheet of metal foil), those of the second 
type must be stored in a refrigerator, and those 
of the third at the temperature of carbon dioxide 
snow (- 95° F.) almost up to the moment of 
using (W. Dieterle and W. Zeh , 1935). Even so 
they undergo a progressive dim inu tion of 
rapid ity which, however, leaves no trace after 
hypersensit ization (§ 226). 

These sensitive emulsions are the slower as 
thei r sensi ti vi ty advances farther in to the infra
red. With the fastest it is at present (1936) 
necessary, in the case of photography by day
light, to expose under the red fllter from 50 to 
roo times as long as would be required with an 
ordinary emulsion of medium speed used with
out any filter. This exposure factor reaches 400 
for photography with a black filter (through 
which the sun appears red). These numbers, 
however, indicate merely an order of impor
tance, for there is no proportionality between 
visible intensity and infra-red intensity in day
ligh t (G . B. H arrison, 1932) . For a portrait 
group taken in darkness, the subjects receiving 
only infra- red light given by incandescent lamps 
through black filters, the power of the lamps 
must be abou t I hectowatt per square metre of 
floor in order to permit an exposure of I second 
at F/3·5. In such photographs (the same result 
being obtained if the fi lter is mounted on the 
lens) faces appear chalky with colourless lips, 
the eyes are shown as black circles, and all the 
features a re very accentuated. 

With an exposure of a few hours it is possible 
to photograph in complete darkness an elect ric 
l1 a t-iron heated at its normal rate, or an object, 
such as a plaster bust, "illuminaterl" by two 
such irons. 

opaque coating (made with lampblack, for instance). 
While a ll metals, even the thinnest sheets, arc per
fec tly opaque, many woods are more or less tran sparent 
in thicknesses under i- in . (mahogany and deal are 
particularly tran sparent). Unless co ntaining opaque 
fillin gs, ebonite, bakelite, and vulcanized fIbre are 
tran sparent, as are also leather camera bellows and 
paper. 

We have already mentioned (§ 4 and 218) the 
applications of infra-red to long distance photo
graphy (see Frontispiece) . Highly exaggerated 
statements have been made as to the possibility 
of photography in a fog. In a slight fog the 
range of infra-red photography is scarcely twice 
that of the visual range (equal to that of photo
graphy in a red light), and the increase in range 
is almost nil in fog.l 

vVe cannot enumerate here the very numerous 
technical and scientiflc applications of infra-red 
photography, nearly all of wh ich are based on 
the difference of transparencies a nd reflect ing 
power towards infra-red and towards dayl ight. 
While carbon, in the different forms in which it 
is used in painting, behaves like black, as also 
do certain mineral pigments (iron blues, copper 
greens, and all mixtures in which they occur in 
large proportion), most usual pigments behave 
like white or light grey, hence there is an almost 
complete suppression, in the photograph of a 
coloured object, of everything that is not a 
black or a shadow. 

224. Colour-sensitizing. Colour sensitivity 
(sensitivity to the green and red and by exten
sion to the infra-red) is usually conferred on 
photographic emulsions by treatment with dyes2 

called chromatic sensitizers or optical sen
sitizers. 

Until fairly recently the sensitizing dyes were 
manufactured by the dyestuffs industry. The 
most efficient ones among them are now pro
duced by plate and fi lm makers for their own 
use. There is, therefore, no longer any advan
tage for the consumer to undertake the colour 
sensitization of ordinary emulsions, especially as 
manufacturers place at his disposal plates and 
films whose colour sensitivity satisfies all re
quirements. We will therefore refrain from 
giving any information on the practice of colour 
sensitization, and will content ourselves with a 
general survey of the subj ect. 

1 In particular, no success has attended attempts 
Blade to facilitate navigation in a fog by taking infra
red photographs and examining thenl in a very sho rt 
time afterwards. 

2 Note, however, that various rapid emulsio ns have 
been sensitized t o the red . or pa nchromatized by the 
action of weak solutions of some mineral salts, 
iodides, cyanides, and alkaline bisulphites (Renwick , 
Caps taft and Bullock, I 920) followed by washing in 
water for a considerable time. While this method of 
sensitiz ing is not of practical interest, it has great 
theoretical importan ce. It expla ins the sensitivity to 
the red shown to exist in various very rapid emulsions 
containing s ilver iod ide. A ltho ugh this sensitivity is 
too small to be of any usc, it is suffic ient to cause fog 
if these emulsions are handled in red light. 
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Almost all the known dyes have been tried 
with this object in view, and it has been shown 
that the number of them suitable for colour 
sensitizers is very limited. The greatest number 
of colour sensitizers known belong to a group 
of the derivatives of fluorescein (erythrosine, 
eosine, etc.) and a group of cyanines (cyanines 
proper, isocyanines, pseudocyanines, carbocy
anines, and their oxa-, thia-, selena-, etc., 
derivat ives). The most satisfactory strengths 
of the solutions of these dyes are always 
extremely small; some of them show very 
marked activity in a solution of I part in 
1,000,000. 

The mechanism of colour sensitization is not 
yet completely known;1 our present knowledge 
is limited to the following facts-

(I) All the sensitizers are rapidly decolorized 
by exposure to light in weak solutions or in 
thin films. 

(2) A dye only acts as a colour sensitizer if 
it effectively dyes the grain of silver halide. 
Generally speaking, all circumstances which 
favour the dyeing of the grain increase the 
colour sensitivity. 2 

(3) An emulsion impregnated with sensitizer 
shows an absorption band in the spectral region 
corresponding to the colour sensitivity conferred 
by the dye. 3 

1 An aUelnpt has been made to explain colour 
sensitization by assuming that the luminous energy 
absorbed by t he dye is transferred to the silver halide 
on the surface of which the dye is adsorbed , without 
the dye itself being decomposed . However, in an 
emulsion sensitive to infra-red , where the relation of 
the mass of dye and the mass of silver bromide (both 
expressed in molecules) was I : 357.000, it was iIll

p ossible to demonstrate in the infra-red a difference 
in absorption between the sensitized emulsion and the 
n on-sensitized emulsion (0 . Bloch, 1933). 

2 In particular, immersion of a photographic prepara
tion in an alcoholic solution of a sensitizing dye does 
not produce colour sensitization, which appears only 
after washing with water. The presence of soluble 
bromides, which oppose the dyeing of the silver bromide, 
prevents more or less completely the action of the 
sensitizer. Preliminary washing of the emulsion or the 
addition of traces of silver salts to the sensitizing bath, 
by removing the soluble bromid es or converting them 
into silver bromide, ass ists sensitization . 

3 This cond ition is obviously necessary since a photo
chemical reaction can be effected only by the radiations 
absorbed by the syst em. It should be noted, however, 
that the maximum of the sensitivity conferred by a 
colour sensitizer does not coincide with the maximum 
of the absorption bands of the dye used in aqueous 
solution. In the case of gelatino-brOInide emulsion th e 
shift of t he sensitivity maximum is about ISO to 200 

A.V. in the direction of the increasing wave-lengths . 
It will be rectdily understood that there may be shifts 
v arying with the nature of the emulsion when it is 

It is important t o note that the fulfilment of 
these necessary conditions is not sufficient; 
many dyes possess these properties without 
being sensitizers. 

225. Whilst the colour-sensi tivity produced 
in a rapid gelatino-bromide emulsion is always 
less than the blue-sensitivity, which is slightly 
decreased by the treatment, the colour sensitive
ness may be very much great er than the blue 
sensitivity in unripened or only slightly ripened 
silver bromide emulsions (grainless emulsions, 
collodion emulsions, and positive emulsions), 
in emulsions deprived of their nuclei (§ 197), 
and in silver chloride emulsions. The general 
sensitivity to unfiltered white light is not 
affected appreciably in the case of very rapid 
emulsions,l but it is considerably increased 
with slow emulsions by the colour-sensitizing. 
though still very much smaller , after this treat
ment, than the initial sensitivity of the rapid 
emulsion. 

Any circumstance tending to favour the 
increase of general sensitivity of a rapid emulsion 
(except the case of sensitizing by auxiliary 
exposure mentioned in note to § 205) causes a 
considerable fog, rendering the emulsion useless 
(at any rate for chemical development). 

The choice of the emulsion to sensitize 
plays an important part in the quality of the 
image. Sensitization by the isocyanines and 
analogous dyes (the only ones considered here) 

relnelnbered that a violet solution of p inachrome (pan
chromatic sensitizer of t he isocyanine class) dyes the 
silver brOluide grain red, and the si lver chloride grain 
blue. The excess of dye remaining in the gelatine is not 
merely inactive, its presence is very undesirable in 
that it absorbs the very radiations which are active on 
the dyed silver bromide complex before they reach it. 
Plates soaked in a solution of a dye and then \vashed 
are superior in sensitivity to plates coated with the same 
emulsion t o which has been added at the time of coating 
a given quantity of dye. The reason for the superiority 
is that, in the former case, the excess of dye is removed . 

1 A considerable increase in general sensitivity of 
rapid emulsions by colour sensitizing under certain 
conditions has been frequently proclaimed . Invariably, 
comparative tests before and after sensitization had 
been made with lllore or less reddish artific ial light. 
The decrease in tinle of exposure, therefore, results 
not from an increase in general sensitivity but from 
the chromatic sensitization which enables the whole of 
the I ight t o be used instead of a small fraction. Con
s ider two emulsions (one ordinary and the other pan
chromatic) which in daylight require the same times 
of exposure. The panchromatic emulsion will always 
require a shorter exposure than the other in yellow or 
reddish artificial light. 

l:fowever, some oxacyanines are very effective sensi
tizers for blue, thus increasing the speed of an ordinary 
emulsion \vithout extending its spectral sensitivity. 
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always tends to increase fog; they therefore 
require an emulsion which has very little ten
dency to chemical fog before treatment. 

226. Hypersensit ization. In many cases hy
persensitization permits an increase of the 
colour sensitivity of pla tes and films sensitized 
in manufacture (the speed being thereby in
creased from 2 to 4 times in the corresponding 
spectral a rea), without modifying to any marked 
extent the inherent sensit ivity of silver ha lide 
in the blue-viol et area. 

An essential condition for success is absolute 
cleanliness. Only glass dishes cleaned each time 
before use must be utilized.! 

Hypersensitization can be obtained by wash
ing for about 5 minutes in running water , or in 
several changes of water ; or by immersing for 
a bout 4 minutes in the following bath 2'-

Alcohol 90% or pu re methyl alco hol' . 5 oz. 
( 25 c.c.) 
5 dr. Concentrated ammonia" . 

Wa ter to make • • 

• 

• 

• 
(3 c.c.) 

. 20 oz. 
(100 c.c .) 

the one or the other operation being followed by 
drying as rapidly as possible in a current of air 
a t room temperature, or in a light-tight box 

filled with desiccating ma terials (§ 281, foot
note) . 

Emulsions thus treated must be used wi thout 
much loss of time. 

The efficiency of these various forms of 
treat men t is due to the removal of soluble salts 
and excess of dye from the emulsion; to this 
must be attributed the specific action of am
monia on all the sensitizers; to t hi s effect must 
be added the specific action of ammonia on 
silver bromide in the presence of gelati ne, an 
ac t ion which tends to liberate traces of soluble 
silver salts which are absorbed by the sensitive 
grains (B. H . Carroll and D. Hubbard, 1932) , 
thus neutralizing the troublesome in fluence 
which potassium bromide, always added to 
sensitive emulsions to render them stable, 
exercises on colour sensitization. 

1 Sensitization is no t possible ·w ith th e wa ter 
steri lized by hypochlorite (Cau de Javelle) supplied 
over ce rta in pe riods in many towns . ] n case of 
do ubt, add a li ttle a mmonia to the water, boil , and 
use only a fter cool in g again . 

2 Treatment w ith am monia is not applicable to 
orthochromatic emulsions sensitized with pinaHavol. 

3 ' Not m ethylated spirit. 
4. Avoid the use o f vessels made of ni ckel when using 

the ammonia bath for colou r-sens itizing. 

. --- ---.------------------------



CHAPTER XVIII 

PLATES, FILMS , AND NEGATIVE PAPERS 

227. Supports of Sensitive Coatings. The t erms 
pla te, film, and photographic paper are applied 
to photographic products resulting from coating 
sensitive emulsion on to glass, flexible trans
parent material, and paper, respectively . 

In Daguerreotype, which was the first practical 
photographic process, a thin sheet of silver
plated copper was used as the suppor t, and the 
sensitive coating was made by t reat ing the 
surface of the silver with iodine vapour. Later, 
in the case of ferrotype, a process still used by 
itinerant photographers, sheets of iron covered 
with black varnish and then coated with a 
collodion emulsion were developed to give an 
image appearing more or less white on the opaque 
black ground, thus forming a direct positi ve . 

Many attempts have been made to use alu
minium, or of steel plated with nickel, as a sup
port for gelatino-bromide emulsions, either as a 
flexible band fo r amateur cinematography (the 
image being observed or projected by reflec
t ion), or as a rigid plate instead of glass in 
accurate photo-cartographic work, where meas
urements are made directly on the negative and 
where it would be advantageous to make use 
of sensitive mate rials as rigid as glass plates but 
less fragile. 

228. Glass. The glass used in the manufacture 
of photographic plates is specially manufac
tured, and is, in fact, the monopoly of certain 
Belgian firm s. It must be fairly fl at , of uniform 
thickness, almost colourless, and as free as 
possible from bubbles or black spots. These 
qualities are rarely united in one glass , even in 
the highes t qualities for picture framing, which 
are of much better quali ty than window glass. 
The sheets of glass , received in crates, are sorted 
according to thickness and quality, and stored 
fo r dist ribution as required . Excep t in the case 
of very large plates the size required is not the 
size coated. Medium-size plates are prepared 
by coat ing a sheet which is twice or four times 
the size required , afterwards cutting at righ t 
angles, with automatic machinery. For small 
plates, a sheet corresponding with eight or more 
is used . The glass is cleaned on both sides with 
alkaline solu tions on machines having either 
rotating or reciprocating brushes. The plates, 
carried on endless belts, are rinsed in a large 

amount of water and then coated on the concave 
face, 1 on which the emulsion will ultimately be 
coated, with a substratum consisting of a small 
quantity of gelatine in strong alum solution. 
This enables the emulsion to adhere to the 
glass 2; the plates then pass through a tunnel 
through which a current of warm air passes, 
and arrive at the end dry and ready to be 
transferred. on wooden racks, to the coating 
room. 

The plates, loaded end-to-end on to the end
less band of the coating machine, pass first 
under a coating trough, which distributes to 
them a uniform layer of liquid emulsion, and 
then through a cold tunnel, where the emulsion 
sets. The plates next pass to another endless 
band which, through moving more quickly than 
the first, separates them. On reaching the 
unloading station they are placed on racks for 
transport to the driers (drying rooms or con
tinuous conveyor driers). 

After drying is complete the plates are exam
ined, cut Up ,3 and wrapped, etc. , for delive ry to 
customers. 

1 Drawn glass, w hich is now begi nn ing to be more 
widely used, is without general cu rvature, but has wide 
t hough slight channellings, which a re visible by highly 
oblique light . In any case, the d rying of t he gelatine 
coating causes a bending of t he g lass of which the 
emulsionized side becOlues concave. 

2 It is almost impossible t o rc-coat glass from old 
photographic negatives. Glass is not , as is commonly 
supposed, an inert m aterial. U nder many influences 
(light, atmospheric action, chemical treatment, etc. ) 
it is susceptible to many changes, of which the most 
curious is one shown frequ en tly by photographic plates . 
After stripping off the old em ulsion and cleaning with 
great care , even to the extent of using concentrated 
and boil ing nitric acid and alkalis, some plates will 
give a more or less complete rendering of the original 
image when the glass is s ilvered or when it is coated 
wi th fresh emulsion . (In the latter case, development 
of the fresh emulsion is necessa ry.) It may be supposed 
that the presence of ultra-microscop ic particles, prob
ably of metallic silver in solid solution in the glass, are 
the cause of thi s phenomenon. 

3 T he glazier 's diamond shou ld be used by drawing 
it towards the operator, the side marked with an 
ind ented or other mark being turned toward s the left 
and pressed against the ruler. A correctly mo unted 
diamon d must be held vertically du rin g the cut. A 
diamond which has been in1 properly used may some
times cu t better if inclined a littl e backwards or for
wards. The pressure of the diamond on the glass must 
be very light, and its 111otion must be comparatively 

157 
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229. Flexible Supports. Celluloid is still the 
best flexible support for films. For its manu
facture in thin transparent sheets (H. Goodwin, 
1887; H. M. R eichenbach, 1889) , collodion, of 
a consistency approximating to that of honey, 
is prepared in mixing tanks by dissolving nitro
cellulose and camphor (natural or artificial), 
in a mixture of methyl alcohol with the addition 
of another less volatile solven t such as amyl 
acetate. The highly-viscous collodion is passed 
through a filter press and on to the coating 
machines. The evaporation of the more volatile 
solventl leaves a very compact solution in the less 
vola tile one, which results in a homogeneous, non
porous, and transparent fi lm which is actually 
a solid solution of nitro-cellulose in camphor. 

The first flexible film was coated on to a plate 
glass table, about 50 ft . long, by a moving 
hopper. The collodion was dried and the 
emulsion was then coated and d ried before the 
complete film was stripped from the pla te glass. 
Film base, as it is called, is now made by a 
continuous process . The machine consists of 
a slowly-revolving large cylindrical drum with 
a highly-polished nickel surface. A layer of 
collodion overflows from a trough on to the 
drum, and is dried by a current of warm air. 
Before the revolution of the drum is completed 
the fi lm is s tripped off and carried by an endless 
band to the spooling machine. In some plants 
the cylindrical drum is replaced by an endless 
band of polished aluminium or nickel. 

The most serious obj ection to celluloid2 is its 
inflammability, particularly as it is very difficult, 

slow (abou t It in. per second ). A very lig ll t scra t ch ing 
sound should be prod uced, and t he scratch s llo uld be 
almos t imperceptible. A white li ne in the h ai l of the 
diamond is a s ig n that the glass has no t becn cut in 
those places. If the press ure has been excess ive the 
glass seems to be cut to a certain depth . In order to 
separate t he pieces, the plate is he ld horizontall y, 
gelatine film underneath, and bent as if to br ing th e 
gelati ne surfaces together. Alter the g lass has pa r ted, 
the bending is do ne in the opposite di rection , so as to 
part the gelatine. 'The cutting of g lass sOlnetimes g ives 
rise to a lu minous phenomenon wh ich is s light, but 
sufflces to fog a very narrow strip 0 11 either s ide of the 
cut (G. Labussiere, 1927 ). 

1 The volatile solvents are recovered as they evap
orate a nd are used again. 

2 Cellub id releases nitrous ac id a nd nitrogen · per
oxide, doing this rapidly in light and slowly in darkness, 
and in quantity all the greater as the temperature is 
higher. These bodies, to wh ich is oiten clue the yell ow 
t int of celluloid of old m.anufacture, have a very 
marked action on sensitiv ity an d on the latent irn agc, 
especially in the case of cine filn1 , rolled up o n them
selves in tight coils witho ut any other material inter
posed. 

if not impossible, to control a celluloid fire, in 
which combustion can continue in absence of 
air. Attempts have long been made to replace 
it by a less inflammable substitute. The best 
results have been obtained with cellulose 
acetate ; unfortunately, no compound will play 
the part of plasticiser for this compound as 
camphor does for nitro-cellulose . Acetate fi lm 
base, in proportion as it loses its solvents by 
evaporation, loses some of its original mechanical 
properties, particularly its flexibility. 

Whatever be the base employed, it must , 
before coating with emulsion, be coated on 
the side which is to receive the emulsion with 
a substratum 1 designed to secure adherence of 
the gelatine to the support during the various 
manipulations. This generally consists of gelatine 
dissolved in a solvent of the base, e.g. acet ic acid. 

For coating the emulsion, the base passes 
round a large cylindrical drum, cooled internally 
to allow the gelatine to set; a kind of tank 
formed by silver rollers, rolling by pressure 
against the fi lm, is kept fu ll of emulsion, which 
adheres to the film in a quantity determined 
by the temperature of the emulsion and the 
speed of the machine. The fi lm, covered with 
wet emulsion, is hung in fes toons from rods, 
distributed in a continuous manner on an over
head track, and thus t ravels a sufficiently long 
distance in the dryi~ room, which is traversed 
by a current of warm air. The dry film is wound 
on to reels containing about 400 ft., and, after 
examination, is passed to the automatic cutting-
up machines. . 

230. Papers. The properties required of 
papers which are to be used as supports for 
emulsions vary according to the use to which 
the (paper) negative will be put. Paper nega
tives may be used for printing by transmitted 
light, for direct reading, as in the case of self
recording instruments, or for reproduction only 
by reflected light , e.g. in the primitive cameras 
used by it ineran t photographers and in some 
semi-automatic" while-you-wait " portrait cab
inets introduced in 1928.2 

In the first case the paper should be homo
geneous in structure, to avoid, as far as possible, 
the structure appearing on the prints made from 

1 The coating of a substratum is sometimes replaced 
by a superficial sapo nifi cation of the cellu lose ester 
regenerating cellulose to which the em ul sion can adhe re 
directly. 

2 Attempts have been made to induce amateurs to 
use negat ive paper in roll s interchangeable with ro11-
film, these images being copied by means of an episcopic 
p rojector (§ 799). 
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it; to avoid too long a time being taken in the 
printing of each print, a thin unloaded paper is 
chosen, having sufficient mechanical st rength, 
particularly in the large sizes, not t o tear under 

FIG. 148. A P O I N T (a) AND ITS H ALO (b) AS 
OBTAINED ON A GLASS PLATE 

the st ress of the weight of the water absorbed 
by the paper and by the gela tine. As the 
emulsion is coated directly on to the substance 
of the paper without any intermediate layer, 
the materia l of the paper should be 
quite free from all impurities capable 
of affecting the emulsion or the 
image in the course of development. 
Metallic dust should be rigidly 
excl uded. 

In the second case, the emulsion 
is separated from the paper "raw 
base," as it is called, by a semi
opaque coat ing made by spreading, 
with brushes, a mixture of pure 
barium sulphate suspended in a small 
quantity of gelatine solution; after 
dry ing, the paper is calendered. 1 

By v ir tue of t his isolation 2 greater 
latitude may be exercised in the 
choice of paper, particularly as the 
perfect homogeneity demanded of a 
paper used as a transparency is not of import
ance; in these circumstances either thin or 
th ick (card substance) papers are used. 3 

1 Papers for matt prints are coated with a layer in 
which the qua ntity of gelatine is less tha n it is in the 
case o[ glossy prints, and , further, calenderi ng is omitted. 

'The protection con [erred on p aper by the baYyta 
coating applies only to development papers; the p rint
out papers (Chap. XXXVII ). which contain an excess 
of soluble silver salts, are a lways coated on t o paper 
o[ excell ent quality . Cer tain papers u sed for p OSitives 
direct by re versal (as in automatic machines) are ren
dered imperrncablc with celluloid so as to reduce the 
penetrat i.on of the baths and thu s the times of washing. 

3 For the manufacture of papers with trans ferable 
se nsitive layers (stripping papers), the paper is first 
coated with a thin layer o( a fatty substance or soap 
insoluble in water, which is covered after drying with 
a layer of hardened gelatine o r collodion (whi ch la tter 

In either case resin sizing must be protected 
against the action of alkaline baths, used for 
many operations, by adding a colloid such as 
gelatine or casein to the substance of the paper. 

To coat the emulsion the paper passes under 
an ebonite cylinder, adjusted either to a trough 
containing emulsion kept a t a constant level, 
or to a second cylinder half immersed in the 
emulsion. It then passes rou nd part of a cooled 
drum and finally is hung in fes toons for drying, 
in the same manner as that already described 
for films. 

231. Halation, If a n attempt is made to 
register an isolated luminous poin t on a photo
graphic plate, or, if a pla te is exposed to ligh t 
under an opaque screen pierced by a small hole, 
th e image of the luminous point will be found to 
be surrounded by an aureole, which is limi ted 
internally by a sharply defined circle, while 
externally it fades gradualJy into the background. 
Thi s aureole is t ermed a halo, and effect s of this 

Glass Glass 

Air 

FIG. 149. rVfECHANI S M OF HALATION 

kind arc comprised in the term halation. In Fig. 
148, a represents a lumin ous point registered 
without halo, and b the halo obtained on an 
ordinary plate having a th ickness of TIc, th inch 
(each part of the illustration is a facsimile of 
the original negative) . 

The formation of a halo is illustrated in Fig. 
149, which represents a magnified section of an 
emulsion coated on to a transparent support, 
which we will suppose for the moment to be glass . 
Owing to the turbidity of the emulsion, each 

for ms the actual support of the i.mage aIter the paper 
has bee n detached ), and fmalLy with emulsio n. The 
paper is not stripped until the various treatments 
(including drying) have been carried out, so as to g ive 
to the whole a mechanical resistance sufficie_nt for the 
successive operations. 

• 
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strongly illuminated point of the coating (e.g. 
the point receiving the image from the lamp), 
will itself r adiate light in all directions. A 
fraction of the incident light is diffused from the 
face of the sensitive coating , and is absorbed 
by the b lack surfaces of the camera. Those of 
the rays which are diffused in directions a lmost 
parallel to the surface of the emulsion cause 
irradiation (§ 205), viz . a spreading of t he image 
on to neighbouring portions, which we have 
seen to b e negligible in ordinary photographic 
work. 

The luminous rays diffused towards the back 
traverse the suppor t and reach the back surface 
of the la tter. Those of t hem which are least 
incl ined pass through the surface into the a ir, 
and a re absorbed by the b lack surface of the 
negat ive holder; the rays that reach the back 
surface of the glass at an angle equal to or greater 
than 41° (the limi t ing angle for glass of mean 
refractive index 1'5) cannot emerge, and are 
tota lly reflected, thus forming th e halo round 
the true image. 1 

The d imensions of the halo depend entirely 
on the thickness of the support a nd its refractive 
index. While it is practically negligible with 
thin film as long as the image is not appreciably 
magnified,2 it becomes a disturbing factor in 
photog raphy on fi lm in minia ture sizes and in 
cinematography, where t here is considerable 
magniftcat ion. The intensity of the halo depends 
on the turbidity, the thickness, and the colour 
of the emulsion, as well as on the method of 
development. A thick or a yellow emulsion gives 
less halo than a thin or uncoloured one. Finally, 
the halo increases in relative in tensity with 
• • mcrease m exposure. 

Contrary to wha t has sometimes been stated, 
halation occurs with at least equal in tensity on 
plates or on film exposed to light by their dorsal 
side. 

232. The halo does not exhibi t the geometric 
form which we have considered, except in the 
very rare cases in which separate bare lights 
appea r against a dark background, as in the 

1 The diameter o i the circle of the halo is, for glass o f 
a re frac tive index I 'S, 3'58 times the thickness of the 
g lass. 

2 While ha lation is less broad o n fi lms than on glass 
plates it fOfm s much closer to th e illu min ated point of 
the e mulsion and wi th a g reater intensity, so that it 
reduces to a grea ter degree t he resolvi ng power, which 
is not m uch infl uenced by ha la tion in the case o f 
plates. H alation is often more intense with reel lig ht 
than with blue light, hence the ad vantage of absorbin g 
chi e f"ly red li ght in the mea ns employed to pro tect 
panchromatic emulsions against halat ion . 

case of t he photography of roads in towns at 
night, where, to obtain detail , there is, perforce, 
considerable over-exposure of the light-sources. 
In the case of a h ighly illuminated surface 
included in the field, the sum of the indiv id ua l 
ha los of each point of this surface causes i ts 
image to overlap the images of ad joining darker 
bodies. It is in this way that the image of the 
window, in the photograph of an interior, is 
spread ou t and distorted, the rectangle becoming 
curved and the image of t he cross-bars dis
appearing more or less completely. In landscape 
photography the image of t he sky shades off 
into that of the ground and of the trees or 
buildings which appear in outline against the 
sky, the slender branches of t rees disappearing 
more or less completely. In the copying of a 
pen-and-ink drawing or let terpress , the image of 
the white paper encroaches more or less on to 
the images of the lines, and can, in certa in cases, 
completely obliterate the finer details . 1 

Even when the halo does not show as an 
a ltera tion of the shape of the image, i t appears 
as a fog, which is in addition to the fog due to 
reflection of light in the lenses (§ 57) . 

233. Prevention of Halation. The on ly effec
tive preventives2 are-

(a) The application to t he back of the glass 
of an absorben t layer (Marlow, 1861) , in optical 
contact with the support,3 having a re fractive 
index at least as great as th a t of t he glass 
(Carey-Lea , 1865; Cornu , 1890). 

(b) The interposi tion of a light-absorbent 
coating' between the em ulsion and the support. 

1 The mistake is sometimes made of attributin g to 
halation (defin ed as above) the effec t caused by dirty 
lenses, particularly in the abse nce of an e ffect ive hood , 
and , in the case of isolated lumin ous points, th e 
d iffraction effects due to the iris diaphragm; in th e 
lat ter case the image resembles a star with as many 
rays as the diaphragm has leaves (or do ub le th is 
number if it is odd). 

2 Ha lat ion seems reduced by very short develop
ment, but no add itio n to the developer can avoid or 
e liminate halation . I t is clear that a develo per cann ot 
behave d ifferently towards pa r ts of the p late t ha t have 
received, after t he light has travell ed by d iffe rent 
paths, eq ual exc itations. 

3 F or cine fi lm, use is sometimes made of a support 
permanently ti nted a grey o f such intensity that , 
crossed twice under a ve ry oblique inc id ence, it redu ces 
sufficiently the halat ion without s low ing down prin ting 
excess ively , as it is then crossed once on ly by the light, 
and th at und er an inc idence very close to the no rmal. 

-l A d isad vantage co mmon to a ll anti-halati on sub
strata is the in crease in the to tal thickness of the gela
ti ne w hich retards exchanges within the gelati ne in the 
course of the various treatments and washing and also 
retards drying . 
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This material may be either an opaque salt or a 
dye. It is eliminated during the course of de
velopment or fixation , or by specia l. t reatment.' 

In the case of plates the anti-halation coating 
is usually in the form of a layer intermediate 
between the glass support and the emulsion , 
for a coat on the back runs the risk of being 
scra tched when the plates are placed in the 
sheaths or dark-slides. In films it is generally 
combin ed wi th the coating tha t most films have 
on the back, this coat being sometimes covered 
with a very thin coating of wax to facilita te 
sliding. 

A very ingenious method for the measurement 
of the an ti-hala tion quality of a sensitive 
material (ra tio of the quantities of light giving 
risc respectively to halation and the first trace 
of a developable image) has been devised by R. 
Mauge (1926) 2. 

234. One of the first methods employed to 
protect photographic plates against halation had 
the further advantage that it also protected 
them against over-exposure and reversal by 
solarization (J. T. Sandell, 1892). The plate is 
successively coated with two or more emulsions 
of increasing sensitivity (§ 203) . 

235. Another process is tha t suggested in 
1891 by A. and L. Lumiere, and applied in 
1892 by Magersted (I solar plates) . Before being 
coated wi th emulsion the support is coated with 
collodion or hardened gelatine coloured red with 
dyes which do not diffuse into the emulsion and 
h ave no injurious effect on it, and which will 
also, as far as pos<;ible, be decolorized by the 

1 W ith some pa nchroma tic fi lms with a blu ish or 
green ish a nti-ha la tion layer decolorized by the a lkali 
of the developer, the use of an excessively acid fixi ng 
bath or any subsequ ent treat ment in a n acid bath 
may cause the re-appearan ce, uniformly or in irreg ular 
patches, of the origin al colour. Th is may be removed 
again by an alkaline bath (5 per cent solution of sodium 
carbonate); the effect of an alnmon iacal bath does not 
a lways persist after the ammonia has evaporated . 

2 T he p late or fil m t o be t est ed is exposed under a 
neutral graduated wedge (densities ranging from 
o to about 7 over a length of about 5 in .) with 
interposition of a thin sh eet of black paper in which is a 
sli t a bout I mm. width, placed a t righ t a ngles to t h e 
l ines of equa l opacity of t he wedge. Exposure is 
adjusted so as to cause reversal of t he image in t he 
part s of t he screen of least densit y. After development, 
it is noticed t hat, beyond a certai n exposure, t he image 
of the slit is, owing to halation , bordered by two bands, 
of increasing dens ity and w idth , which, owi ng to 
irrac!iati on, soon merge into the image proper an d 
spread in the fonn of a club. The logarithm of the 
anti-halat ion quality is the' product of th e constant of 
the wedge (var iation of density per uni t o f length) and 
the d is ta nce between t he threshold point of t he im age 
a nd t hat of the halo . 

l I-(T·56"w) 

acid fixing bath. F or this purpose rosolic acid 
and its salts, aurine, coralline, and congo red, 
have been used. Red dyes are used for ordinary 
and orthochromatic emulsions ; dark brown or 
black dyes for panchromatic ones. 

H. Oakley proposed, in 1895, to coat the glass 
with a solution of gelatine anel, after drying, to 
treat the gelatine with permanganate to form 
the brown hydrated maI1!;anese dioxide. This 
would be eliminated, when fixing, by the sodium 
bisulphite usually present in the fixing solution. 
Anti-halation pla tes have since been prepared 
by coating with an emulsion of colloida l hydrated 
manganese dioxide in gela tine, which gives a 
transparent yellow-brown substratum. 1 

Such a substratum does not interfere a t all 
wi th the control of development by examination 
by transmitted light, when the operations are 
carried out in red light. At the most it inter
feres with the examina tion of the image by 
viewing the back ot the plate, but we do not 
regard this as a real drawback. 

236. Many English plates, especially those 
of the panchromatic kind, are protected by a 
coating of lamp-black in dextrine or caramel, 
applied to the back of the pla te after the 
emulsion is coated (bached plates ). Such a coat
ing shou ld not be too smooth, which would 
result in confusion between the two faces of the 
plate when the slides are filled in darkness, nor 
should it be friable,2 for detached particles 
depositing on the emulsion would cause pinholes, 
worse in their effect than hala tion . It should 
not become tacky, as it would then adhere to 
the dark slide, and it must be quite soluble in 
water, or at any ra te must soften in water, so 
that it may be easily removed with a sponge 
in the early stages of developmen t. 3 

VVe also mention th e use on pla tes and films 
of a dorsal anti-hala tion coating consisting of a 

1 P yro a nd pyrocatechin d evelopers very rapidly 
becom e exhausted when used for the development of 
these plates, t heir oxida tion by a ir being cata lyzed by 
t he traces of dissolved m a nganous salts (H . D ii rr, 1930) . 

2 These backed p lates t hus coated cannot , as a ru le , 
be loaded into t he sheaths of t he small Cha nging boxes, 
which accommodat e t hin r la t es o nly. In using sheaths 
which a re for t hicker p lates it is o ften of adva n tage t o 
introduce, at the same ti me as t he backed plate, a 
piece of thi n cardboard w ith roun ded corners to avoid 
any scratch ing of the coating by t he edge of the p lat e 
holder. 

3 A good me thod of removing the backing fro m small 
plates consists in placin g a small piece of well-soaked 
thick felt (about I in .) in a large d ish containing a small 
amount of wa ter. The b ack of the plate, held by its 
ed ges, is rubbed against t he felt until it is noticed that 
the glass is sliding readily on the felt. 

• 



• 

162 PHOTOGRAPHY; THEORY AND PRA CTICE 

very thin layer of varnish (shellac or cellulose 
derivatives soluble in water) deeply stained by 
dyes which are not readily soluble in water, but 
which are decolorized in the developer which 
also dissolves the varnish. 

The user may himself coat any pla tes which 
he ca nnot obtain ready backed. The fo llowing 
method of working (A. Helain, 1901) gives 
exce llent results, the addition of the a mmonium 
chloride to the dextrine ensuring perfect adhe
sion 0 f very thin layers of the backing-

T o p repare the backing
Lamp-black (refined) 

Y ellow dextrine • 

Ammonium chloride 

Water • 

• 

• 

• 

• 

• 

• 

• 

• 

! oz. 
( 10 to 1 2 gnn.) 
4 oz. 
(roo grm.) 
t oz. 
(6 gem.) 
4 oz. 
(90 to 100 c.c.) 

The lamp-black is moistened with a litt le 
denatured alcohol; the dextrine is then added, 
and then the water in which the ammonium 
chloride has previously been d issolved. The 
mixture is stirred with a spatula until even, 
a nd is not used until it has stood fo r 24 hours ; 
it is then again stirred . The quantities given 
are sufficient for from 21 to 27 sq. ft. (200 t o 250 
sq. decimetres). Coating is best carried out 
with a stiff fla t paint brush (a very thin, wide 
brush , rectangular in shape) , of such a size that 
one stroke is sufficient to cover a plate . Practice 
in dayligh t on plain glass 1 is useful. It is well 
to coat the plates in pairs. For this purpose the 
plates are held, emulsion sides in contact, either 
in the hand or in a screwed polishing clamp. The 
coating should be very thin, but no portion of 
the glass should be left bare. 2 The coated plates 
a re left to dry in a cupboard in the dark-room, 
or in a ligh t-tight cupboard (approximate time, 
3 hours) . 

237. A French brand of plates has, for a long 
time, been made with a black anti-halation 
backing film . This film, which contained gelatine, 
glycerine, ox-gall, and a black pigment, adhered 
perfectly to the glass un til the plate was placed ~ 
in any solution , when it was readily stripped off 
in one piece . (L. LeSueur, 1907 .) 

A similar result may be obtained by the user, 
a t least as far as plates insensitive to red are 
concerned, by coating or b rushing on to the 
backs of the plates colloflion (P. and P. H enry, 
1890) or celluloid varnish coloured with chry-

1 T he p late on the glass side shou ld give the appear
ance of a uniformly brilliant mirror. 

2 The backing may also contain sol uble dyes, one 
of which may be a desens itizer. 

soidine and safranine or with other dyes soluble 
in collodion solven ts, or even with a little 
bitumen varnish . 

238. R eference may finally be made to anti 
halation backing sheets, made by coating 
ordinary or mounting paper with a mixture of 
glycerine, gelatine, and fine black pigment. 
These are applied to the backs of the plates by 
a squeegee or a rubber roller, and may be 
removed, for subsequent use, by st ripping after 
the exposure has been made. These backing 
sheets may also be prepared by coating waste 
photographic paper with glycerine. Prior to 
this treatmen t the paper is darkened by 
exposure to a uniform source of light, and by 
development if necessary, and is then washed 
thoroughly . 

Such backing sheets may be used again and 
again for an indefinite number of times, if kept 
in contact with parchment paper when not in 
use. If after repeated usage the gelatine becomes 
less sticky , a little glycerine is applied and the 
excess blotted off. Of la te years photographers 
have preferred to buy plates ready backed. 

239. Photographic Plates. The sheets of glass 
used in the manufacture of photographic plates 1 

are divided, according to thickness, into three 
classes, viz-

E xtra thin glass 
T hin glass . 
Ordinary glass 

• 

• 

• 

• 

• 

r~" to rto- in . 
'ih to Ih- in . 
Above y£-rr i n . 

As the lower limi t for the internal dimensions 
of negative holders and plate carriers is the same 
as the nominal d imensions of t he glass (with a 
tolerance of I per cent at the most) the nominal 
dimensions may be considered as the maximum 
dimensions of the sensitive plates . The cutting 
tolerances, a t the most equal to I per cent, can 
be allowed only within the nominal dimensions. 2 

In order that the plates may be effectively held 
in the plate holder, the dimension s of the image 
(measured between grooves or angle blocks) 
must be 5 per cent less than nominal. 

Photographic plates are usually sold in boxes 

1 The coated side o f a plate is genera lly slightly 
concave (§ 228). I n practice no serious deformation of 
the image results ; for very accurate work involving 
measurements (photo-topography and astronomy, for 
example) the emuls ion is sometimes coated on to very 
thick patent g lass. 

2 For len gths less than 8 in . a c uttin g tolerance of 
fro m s ix to eight hund redths of an inch is allowed. In 
practice an attempt is made to maintain a difference 
of less than 121s in . between the nominal and the real 
dimensions . 

, 
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of a dozen. Sizes from whole pl~te (8t X 6t in.) 
upwards are supplied in boxes of six. Finally, 
very small or thin pla tes are supplied, when 
required, in packets of eighteen, which is the 
normal capacity of certain types of changing 
box. In the interior of the boxes 1 the plates are 
packed face to face 2 in groups of 2, 4, or 6, 
wrapped in red or black paper, and the various 
packets are themselves wrapped in black paper. 

240. I n addition to trade particulars (trade 
mark, type of plate, etc.), the label on the box 
always has on it the emulsion batch number, so 
that the maker , in case of claim3 (§ 430) , can 
refer to the works register to fi nd full parti culars 
of the emulsion in question , together with th e 
results of the t ests made of the batch. The batch 
number is, moreover, of much greater value to 
the user than is generally believed . Two suc
cessive batches of the same formula cannot be 
absolutely identical in spite of all the care which 
is exercised, and a change in number indicates 
a variation in one or more of the characteristic 
properties of the material (slight variation in 
sensitivity and, for panchromatic emulsions, 
variat ions in the relation of sensitivity to the 
different colours; varia tion in speed of develop
ment, which may be considerable, and is the 
chief variant from a practical point of view). 
Photogra phic plates maintain all t heir qualities 
fo r a period of time much greater than a year, 
and it is advisable, when the quan t ity required 

1 French manufacturers generally use boxes with 
half-thickness fitting-o n lids (the box is sometimes 
opened by pulling a thread , which is sunk into the 
joi nt). E nglish makers a lways use lids which com
pletely enclose the box. Owing to the considerable 
amo unt o~:ooseness that obtains, it is advisable to slip 
the English boxes (when opened) into their stout paper 
wrappings; these should be opened only at one end . 
The label is as a rule placed on these wrappings, and 
shou ld therefore be preserved until all the p:ates have 
bee n used. 

2; I n the cas-e o f some English makes, the plates 
are not co mp let ely separated; the glass only is 
cut, and the emulsion of two opposite plates forms a 
hinge. The p lates may b e separated by carefull y 
bending thenl backwards. The sensitive coatings, which 
a re face-to-fa ce, are sometimes separated by t hin strips 
of blotting p aper placed in the middle of t he short sides 
of the plates. In spite of the care taken in the choice 
of these papers, fog is almost always caused by their 
contact , and so th ey are not generall y employed. 

3 All claims relating to a suppl y of p lates should give 
th e emulsion batch number, and be accompani ed by 
the reference slip (which has on it the number of the 
examiner), which will be found inside the box . "~Ye 
w ould urge the photographer to exam in e his con science 
very carefully before blaming the maker for fail ures, 
which, in the vast maj ority of cases, have been 
shown to have resul ted from some incorrect manipula
ti on during the course of the operations. 

can be estimated, to take a sufficiently large 
stock of plates with the same emulsion number 
to last for from three to six months. In this way 
one can be sure that all the plates used will 
behave similarly. 

24I. Photographic Film. Films are suppli ed 
in long strips for use in hand cameras for 
amateurs (§ 183), in automatic cameras for aerial 
photography (in lengths ranging from 100 

exposures of 7 X 9! in., up to 500 exposures of 
7 X 5 in.), and for cinematography (Chapter L). 
Films are also supplied cut to various sizes, 
either in the form of film packs or in boxes of 
12 or 24, to be used in place of plates for ordinary 
photography or for radiography. Roll films and 
the films for film packs which are coated on 
celluloid 10'(\0 in. in thickness, and cut film s 1 

which are coated on celluloid ,h in. in thickness, 
are all coated on the non-emulsified side with 
a layer of plain gelatine (about 0 ' 25 grm. per 
square decimetre), to counterbalance the curling 
tendency of the emulsion; without this provi
sion the films would t end to curl up during 
handling, 2 owing to the swelling of the gelatine 
in the solutions. 

Films, and particularly those coated on very 
thin supports, allow prints to be taken either 
direct or reversed as regards right and left. This 
is of great service in the case of pigment processes 
(carbon, transfer in greasy ink, etc.), which 
usually give reversed prints. 

1 X .ray films are emulsion-coated on b oth sides. It 
is thus p ossible t o use a much greater quantity of 
emulsion per unit area (about 0·60 grm. per sq. dm .) 
without increasing the time necessary for the various 
treatments, and also to use two intensifying screens 
(cardboard screens covered with a layer of flu orescent 
material , which becomes luminous when irradiated with 
X-rays, and thus reduces the time of exposure) one on 
each side of the film. It will be obvious that the use 
of two screens is possible only when the support of the 
sensitive material is very thin; if a thick support were 
used the two images would not register. 

Mention may also be made of cinematograph film 
coated on b oth sides for two-colour projection a nd for 
stereoscopic anaglyphs. In these cases the emulsion is 
coloured yellow t o stop light p enetrating from one 
s ide and affecting the emulsion on the other. 

2 It may be mentioned that certain German film s 
have no t this gelatine backing ; the support is of 
an acetate of cell ulose which is very porous, and which 
swells in water almost as much as the gelatine. 

The back of some fi lms are coated with a tra nslucent 
layer consisting of a suspension of raw starch in gela
tine . The matt surface is due to s uperflCial irregulariti es 
(the refraction indices of gelatine and starch being 
scarcely d iffe rent ). Transparency can therefore be 
restored if the back of such fi lms is wetted with a liquid 
of the same index, jf it is varnished, or cemented to 
glass by means of Canada balsam. 
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242. Strips of film of great length, for aerial 
photography or cinematography, which are 
developed either by con tin uous processing 
machinery or after having been wound on to a 
frame or drum, cannot be coated on the back 
with gelatine owing to the risk of adhesion or 
staining. The film , which is a very bad conduc
tor of electricity, is liable to become electrically 
charged if rubbed against another bad conductor, 
and thus to cause discharges (visible in darkness) 
which are registered on the emulsion as dark 
marks of foliage pa ttern.! These static markings 
are p roduced only when the atmosphere is dry 
and particularly in cold weather, or when the 
camera is suddenly chilled. Many means have 
been suggested for increasing the conductivity 
of the non-emulsion surface of the film (anti
static films) . 

Emulsions coated on to film s should be parti
cularly resistant to abrasion (§ 199), as all 
rubbing of the film tends to cause phenomena 
similar to those caused on plates by sliding 
pressure and frict ion. 

Films, even of the best quality, expand and 
con tract according to circumstances. In the 
course of development and the subsequent 
treatment, films may increase in length by 
from 0'5 per cen t (celluloid) to 1'5 per cent 
(cellulose ace tate of good quali ty), while after 
drying they may exhibit a contraction of from 
0'2 to 0'5 per cent. This shrinkage continues 
for a long time, and, in the case of an old film, 
may exceed 1'25 per cent (limit of tolerance fo r 
cinematograph apparatus) ; it is not uniform, 
and in some rare cases the local variations may 
amount to IOO per cent. 2 As a rule, film cannot 
be used when it is wished to make exact measure
ments from the images excep t by registering, 
at the same time as the image, a scale (e.g. a 
squared ruling of known size) against which to 
check the measuremen ts. To reduce the local 
variations fo r this work, the film should be kept 
for so me time in a moist atmosphere before 

• • 

commencmg measunng. 
243. The constituents of films are not, as is 

glass, inert materials, and the preservation fo r 
1 This electrificatio n (negative charge of the bare 

s ide and sli ghtly smaller positive charge of the emulsi
l1ecl sid e) may occu r solely th rough the unroll ing of a 
tightly co iled spool. T he charges may neutralize each 
othe r through the support if the film is in equ ilibri um 
with an at mosphere of 60 per cent relative humidity. 
Anti- static coatings usua1ly cause the back o f the HIm 
to take a charge of the same sign as the em ulsified 
front (V. B. Sease, 1928) . 

2 The variations, general and local , are usually mu ch 
less with thick film s of cellulose a cet a t e. 

a long period of the qualities of the emulsion 
with which the film is coated is not as certain 
as it is in the case of plates . Chemical fog 
usually appears after some t ime, but in tem
perate climates it takes two years or even longer 
for this to acquire appreciable density. T o 
safeguard themselves, manufacturers mark on 
the packets a date beyond which the film should 
not be used. The period thus indicated is much 
shorter than that which can probably be allowed, 
so as to provide for the risk of retailers keeping 
stocks under unsuitable conditions. Frequently 
films (not panchroma tic or infra-red sensit ized 
ones) have given excellent results afte r a 
period considerably in excess of the time limit 
allowed . 

244. Negative Paper. N egative paper, which 
is deserving of notice owing to its comparatively 
low price compared with that of plates and film s, 
is generally kept for work in large sizes (direc t 
negatives, or negatives made by enlargement). 
For small sizes, the grain of the paper, which 
always appears to some extent when prints are 
made by con tact, masks some of the finer details 
of the image. Prin t ing and enlarging by epi
scopic projection (§ 799) can give good results, 
but the range of tones of the subject that can 
be differentiated in the final image is then much 
more limited than in contact printing. 

In addition to negative paper proper, and the 
various stripping negative papers (forming sup
por ts for thin films which are stripped from the 
paper after processing), other papers are pre
pared for special purposes. These include papers 
for cer tain scientific and industrial recording 
apparatus, and papers for use with the simplified 
cameras for the copying of documents (in banks, 
for copying current accounts ; in drawing-offices 
for the duplication of sketches, etc. ). These 
negative copies are · ob tained "the right way 
round" by the use of a prism (§ 123) in front of 
the lens, and, as a rule, are kept as they are. 
The emulsion of these papers is considerably 
hardened, so that it can rapidly be dried by 
heat without risk of melting the gelatine. 

245. Relative Merits of Plates and Films. W e 
will consider here only the point of view of the 
amateur, with particular reference to the novice, 
leaving to the professional and other users the 
responsibility fo r deciding for themselves in 
each particular case to which type of sensi tive 
material they will give preference . 

To amateurs who rest rict themselves to in
stantaneous photography in good weather, t he 
roll film offers the advantages of daylight 
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loading, lightness, and almost complete freedom 
from ha lation. On the other hand, for those who 
wish to improve their work it is a drawback that 
it is impossible, without almost acrobatic opera
tions, to develop each negative as soon as it is 
taken. The novice who, during the day, has 
found two or three subj ects worth photographing 
is always tempted to "finish the spool" by 
photographing anything in order not to be 
obliged to postpone the development of his 

• 

negatives. Roll-film cameras are usually not 
fitted with any means of focussing the picture 
on a screen, and so it is at a disadvantage in 
doing all that is best for an exposure. Also, a 
long strip of film is much less easily handled 
than a plate. 

It is possible to take advantage of the ligh t
ness and convenience of the daylight changing 
associated with films, by using a film pack with 
a plate camera, when need arises . 

• 



CHAPTER XIX 

NON-ACTINIC LIGHTING: DARK-ROOM LAMPS AND SAFE LIGHTS 

246. General Principles. The choice of illumina
tion to be used when handling sensitive material, 
either during manufacture or during the various 
operat ions prior to and including fixation, must 
be guided on the one hand by the distribu t ion of 
the spectral sensitivity of the emulsion under 
consideration , and on the other by the sensitivity 
of the eye to various colours. 

It may be laid down that there is no really 
non-actinic illumination in the true sense of t he 
word; that is to say, that there is no light, 
whatever may be its spectral distribution and 
however weak in intensity it may be, which will 
not fog a photographic emulsion if allowed to 
act for long enough. 

It will thus be plain that in choosing a light 
for a dark-room we have to work out a com
promise between somewhat incompatible condi
tions. We have to arrange, at least for a part 
of the t ime, for a ligh t sufficient for the effective 
cont rol of the operations being carried out, 
without at the same time appreciably fogging 
the sensitive material during the norma l time 
required for the necessary manipulations. 

To give shape to these ideas, suppose , to begin 
with, that we have to handle a panchromatic 
emulsion equally sensitive to all the colours of 
the spectrum. 1 Three filters, coloured respec
tively blue-violet, green, and red, each trans
mi tting a third of the range of the visible 
spectrum and in the same proportions, could be 
used indifferently as filters for the dark-room 
lamp if only the actinic values of the three lights 
thus transmitted were being considered, in that 
they would each cause the same fog density if 
the emulsion were exposed to each fo r equal 
times. But, considering the physiological ac tivi
ties of the three lights thus transmitted, the 
blue-violet is a poor illuminator , the red li t tle 
bet te r, while the best visibili ty is obtained by 
the use of the green. This is in agreement with 

1 It may be remarked that this hypothesis is in no 
way absurd; it has been shown (A. v on I-Ilibl . 1920. 
that a collod io-bromide etTIulsio n sensitized with 
pinachrome blue lnay have a sens itivity to green of 
2"3 and to recl of 4"8, the biue se nsitiveness be ing 
rep resented by I; i f only the actinic properties of 
these t hree zones of the spectr um be cons idered , it 
will be clear that a no n-actinic filte r woulcl be blue
violet in colout . 

what has already been stated with regard to 
the spectral sensitivity of the human eye (§ 2 0 7, 

Fig. 141). Moreover, if it be supposed that, by 
suitable regulation of their respective intensities, 
two filters, coloured red and green, may be made, 
such that they have the same visual intensity, 
then it will be found that if the source of light 
common to both be reduced in in tensity, the 
red will appear less in tensely illuminated than 
the green (Purkinje 1 phenomenon). This is a 
further reason for preferring a green light fo r , 
by allowing the pupil time to accommodate 
itself to very feeble illumination , 2 it is possible 
to use a green filter which, transmit ting only 
one-thousandth of the visual intensity trans
mitted by an ordinary ground-glass screen, at 
first sight appears to be absolutely opaque. 

The same physiological considerations still 
apply even when the emulsion under considera
tion is not equally sensitive to the whole of the 
spectrum. For example, an emulsion sensitized 

1 T he InaxilTInm brightness of the spectrum is , for 
strong illumination , in the yellow-green (about 
5,800 A .U). vVith decrease in intensity this maximum 
approaches the blue-green (5.300 A. U). An example of 
the very great sensitivity of the eye t o very feeble 
green light is given by dials. rend ered lu minous by 
radium, of which the emission (5 .500 A.U. ) is v ery close 
to that correspond ing t o the maximu m of visibility. 
Their intensity. about 0 '002 to 0'004 candle power p er 
square centimetre (H. Buisson, 1917). is such that they 
are readily visible , though only after one has remained 
in total darkness for SaIne time. 

2 By means of the aperture of the iris and the 
sensitivity of the retina, the eye adapts itseH auto
matically to illutnination after an extraordinarily long 
interval; while the opening and shutting of the iris is 
very rapid the adjustment of t he retina is slow. 
From bright sunlight t o darkness a n h our may b e 
required, while but ten minutes is necessary when 
passing from normal illumination to that of t he photo
graphic dark-roo m. The sensitivity increases more 
slowly than it decreases, a nd rap id a lternations o f l ight 
and darkness greatly reduce it. \¥hen leaving momen
tarily after adaptation it is well , in order to avoid the 
loss of time of a fresh adaptation. to put on black 
spectacles (density 2. approximately) with a fitting 
excluding all light except ·that passing the glasses . The 
presence in the field of view of a spot more strongly 
illuminated than the objec ts that are being looked at 
reduces the sensitivity of th e eye and is a cause of 
fati gue. Thi s is fo und in its worst form if the lamp, 
or its reflection from so me bright object, is in the fi eld 
of view when the clark-room is very clark (P. G. N utting. 
19 16). 

166 



NON -ACTINIC LIGHTING 

with pinachrome may be regarded as insensitive 
to the extreme red (beyond 6800° A.U.) but a 
coloured filter transmitting only these radiations 
would appear so feebly luminous that a green 
filter, transmitting much less luminous energy 
but giving the same visibility, would give, as 
a rule, an equal degree of safety. For the same 
reason, although an orange filter usually trans
mits all the red, there is often less risk of fog 
with an orange light than with a red one, since, 
for the same visibility, less total luminous energy 
is necessary. The advantage of an orange light 
is par t icularly noticeable when working wi th 
very rapid emulsions which, as we have seen, 
are often slightly sensitive to the extreme red 
(§ 223, note) , as the proportion of these feebly 
active radiations is much less than it would be 
in the case of a red light. 

The source of light and filter combined must 
not transmit either ultra-violet ,! which is very 
active on all sensitive emulsions, or near infra
red , which is known to act, after a fairly long 
exposure, on several emulsions. 

247. Choice of Dark-room Illumination. In 
practice, the following light ing is used 2 for 
various types of sensitive material-
Slow pos itive s ilver chloride emulsions 

([o r develop ment) . . . 
R ap id positive s ilver bromide em ul-

• Slons . . . . . . 
Rapid negative emulsions, not ortho-

chromatic 3 . . . . 

Orthochromatic emulsions, sensit ive 
to green . . . • • 

Panchromatic emulsions . • • 

Emulsions sensitive to infra-red, but 
not to green. . • 

Yellow 

Ora nge 

Ora nge-red or 
yellow-green 

R uby-red 
BluiSh-green of 

feeble inten
s ity 

Pure green 

Not so very long ago the sensitiv ity of photo
graphic plates was so small and so restricted to 

1 This condition is satisfied when the usual artificial 
illum inants arc used, but it mu st be borne in mind if 
day light is employed or electric lamps with metallic 
gases or vapours (neon, mercury, sodium, thallium, 
etc.). 

2 In choosing a light it sh ould be remembered that 
red light increases the apparent contr ast of images and 
induces one to curtail the development; where there 
is a choice o f illumination , orange or green should be 
chosen . 

3 From the fact that a certain red and a certain green 
are complementary, inventors have attempted to get 
a colourless non -actinic light for ordinary plates by 
b~ c nc1ing red and green lights, which separately are 
no n-actinic. As it is possible to produce only a y ellow 
in this manner, it is mu ch simpler to use a plain yellow 
filt er in all cases where the sensitivity of the em ulsion 
permits. 

one part of the spectrum that it was always 
safe to use ruby-red glass (manufactured for 
windows or for railway signals) and, frequently, 
even fabric impregnated with lead chroma te 
and varnished . But while the general and the 
chromatic sensitivi ty of photographic emulsions 
has constantly been improved, the manufacture 
of red glass has been more and more neglec ted, 1 

the glass manufacturers having considered only 
the visual effect, and not the spectral trans
mission. Many red glasses, sometimes even the 
deepest, transmit a considerable proportion of 
violet which is usually not absorbed by the 
yellow-brown glass, sometimes superimposed 
on the red one as a precaution. T he green glass 
of commerce transmits almost the whole of the 
spectrum and has merely a predominant trans
mission in the green. It is only very exception
ally that it is possible to fi nd a green and a yellow 
glass which, when superimposed, gives a non
actinic filter which is satisfacto ry fo r the manipu
lation of ordinary emulsions. 

The inability of glass makers to satisfy the 
needs of photographers has resulted in the 
manufacture of special filters for the illumination 
of photographic dark-rooms which are generally 
described as safelights, and are prepared either 
by dyeing papers 2 in solutions of dyes of suitable 
strength or by coating coloured gelatine. The 
actual safeligh t is made by the superposition 
of two or three similar or dissimilar elemen ts. 

Safelights applicable to each case have been 
worked out b y determining each time the 
maximum general dark-room illumina tion which 
is compatible with safety, and not the amount 
of direct light which may be allowed to fall 
on to the sensit ive material. The operator thus 
avoids the painful sensation of groping about in 
almost complete darkness. 3 Vli th the traditional 

1 In p lace of the glass coloured throughout its mass 
with gold salts, it is more usual to meet in commerce 
with glass coloured wit h copper by coating a t h in layer 
of red enamel on to the surface of ordinary glass. T o 
cut t his glass (the structure is read ily seen by examining 
a section) the diamond should be applied to the plain 
side, never to the coloured side . Neglect of this pre
caution may resul t in damage both to the glass and to 
the diamond. 

2 Non-actinic papers should not be confused with 
coloured papers intended for the manufacture of 
artifi cial fl owers or for packin g material. 

3 It is interesting to no te that , as a result of many 
clinical observations on workers in photographic plate 
and fIlm factories who have worked for many years 
in darkness or i n feebly actinic light, D rs . F. I-Iei m 
and E. Aglasse-Lafont (19 12) have concluded that 
occupatio'nal anaemia, caused by working in darkness, 
does not exis t. 



• 

168 PHOTOGRAPHY: THEORY AND PRACTICE 

deep-red glass safelights, which limited the 
illumina ted zone to a square foo t or so in 
the immediate neighbourhood of the lamp, the 
d ishes had to be brought in to contact with the 
lamp itself, whereas a lamp fit ted wi th a modern 
sa felight may be placed some distance from the 
baths, a nd the dark-room will be well illuminated 
in its ent irety without the sensitive ma terial 
being more strongly illuminated than it would 
have been under the old conditions. N evert he
less, it is still well to cover the bath during the 
time when it is not necessary to watch the 
development. 

The usc of a desensitizer , either as a prelim
ina ry bath or in the developer itself, a llows a 

-
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very brigh t light to be used from the moment 
the emulsion has been effect ively desensitized , 
so tha t the remaining operations may be car
ried out in a yellow or whi te ligh t wi thou t 
the sligh test risk of fog whatever the original 
sensitivity of the materials in use . 

To ensure good general illumina tion of the 
dark-room, the walls and ceiling should be light 
in colour; the diffused light from the walls 
cannot be more dangerous than the light which 
issues directly from the dark-room lamp. 1 

248. Light Sources. Daylight, owing to its 
continual fluctuation , is the least serviceable 
light source fo r dark-room illumination ; it may, 
however, be used for general lighting of the 
dark-room, if i t is possible to exclude it partially 
or wholly when desired by a shutter or blind . 

In all rooms equipped for permanent use 
where illumina tion is rest ri cted to combustible 
solids (candles), liquids (paraffin , petrol, oil), or 

1 Since red light is so freq uently used , red ink and 
pencils, which give m arks tot all y illegible in r ed a nd 
fa intly legible i n yellow ligh t, sho uld not be used for 
labels, notes, or for any memoranda used in dark-rooms. 

gases (acetylene, incandescent gas mantles) , it 
is well, when space permits, to place the source 
of illumination outside the dark-room, allowing 
the ligh t to enter through a window. In fron t 
of this window grooves should be provided to 
take interchangeable frames fi t ted wi th safe
lights corresponding with the different photo
graphic materials in use . With such an arrange
ment the products of combustion are kept from 
accumulating in the dark-room, vi tiating the 
atmosphere and making it uncomfor tably hot 
in warm weather. Also a greater choice of 
lighting appliances is possible. The burners 
usually provided in dark-room lamps are seldom 
well made. Finally, there is avoidance of the 
risk of white light leaking in to the room, as 
it frequen tly does th rough the badly-constructed 
ventila tion holes of dark-room lamps. F ailing 
this arrangement of external lighting, the 
products of combustion should be allowed to 
escape by metal pipes. 

As regards the simples t kinds of lamp, it 
should be borne in mind that a candle, when it 
is enclosed in a lamp , melts more quickly than 
it burns. l F or this reason a stearine nigh t-light 
in a glass saucer is to be preferred if no other 
illuminant is available. These nigh t-lights can 
be renewed to any exten t by using wax matches 
as wicks. The reservoir of a petrol (gasoline) 
lamp should never be inside the lantern , which 
should enclose only the fl ame. 

Preference will obviously always be given to 
electric lamps supplied from the mains 2 or by 
a storage battery . In view of the fact that the 
higher the voltage is across the lamp the greater 
is the emission of the blue and violet radia tions 
which have to be absorbed by the safclight , it is 
worth limiting these useless portions of the radia
tion by running the lamps a t a voltage lower than 
normal. Thus, a lamp intended for 1 2 5 volts 
may be used on a supply with a voltage of 
IrO volts .3 

1 The guttering of t he cand le can be prevented by 
using an in fu sible coating, fo rming a species of cup 
which ret a ins t he liqu id s tear ine (d extri ne mixed w ith 
a hot solution of m agnesium sulpha te) . 

2 F ai lure in the d omestic electric supply may be 
guarded against by having a n e mergency lighting 
ou tfit (e .g. F ery cell s). t hus avo idi ng being interrupted 
in the course of work. I n e mergency an electri c pocket 
lamp may b e conv erted into a clark-room lamp by fixing 
a safelight in fron t o f th e lens, w hich acts as a cond ense r 
for the light , or by replacing th e ordi nary Ja mp by a 
special lamp wit h a red bu lb . 

3 Fatal accidents have occurred fo ll owing contact o f 
\vet fingers with ln etal parts connected to one of t he 
wires of a IIo-volt circuit (fa ul t y insula tion), especially 
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To obtain full illumination in the dark-room, 
after desensitizing negative emulsions or when 
using positive emulsions, it is useful to be able 
to modify the amount of current used by the 
lamps. For this purpose the arrangement 
shown diagrammatically in Fig. ISO (Clerc, 
1913) may be used. A double-pole switch is 
arranged to connect the lamps either in parallel 
(maximum light) or in series (minimum light of 
intensity, measured after the light has passed 
through the safelights, about 25 per cent of the 
maximum). Alternative arrangements involve 
the use of a resistance in the lamp circuit; or, 
with alternating current, a special transformer, 
with tappings for two different voltages (e.g. 
60 and 90 volts for a IIO volt lamp) 1 controlled 
by a switch, may be used. 

Despite the considerable progress which has 
been made in electric lighting, most of the energy 
consumed is converted into heat, and so the 
ventilation of elec tric lamps is just as necessary 
as it is for other types of lamp . The life of an 
elec tric lamp is always shortened if the lamp is 
used at a higher temperature than would be 
attained if i t were not enclosed. 

Neon pilot lamps which emit a very feeble 
orange glow (about I candle-power) may be used 
with advantage in all cases where only a very 
faint ligh t is required (e .g. for reading a dark
room watch or clock placed on the work bench, 
or for illuminating passages between several 
dark-rooms. Whenever these lamps are used 
on the work bench a yellow safelight should be 
employed to cut off the small proportion of 
violet rays emitted. 

The reader should be cautioned against the 
use of lamps with red bulbs (red glass or glass 
covered with red varnish ), which are more useful 
for decorative lighting at fetes than for photo
graphic purposes. The few lamps specially 
manufactured are very much higher priced than 
ordinary lamps, and the difference in price, 
after several replacements, amounts to more 
than the cost of a good dark-room lamp. 

249 . Dark-room Lamps. The chief quality 
demanded of a dark-room lamp is that it shall 
if the fl oor is damp (which is often the case in a dark
room) , or the other hand is dipped in a liqu id con
nected to earth. It is therefore necessary to see that 
a ll conductors are perfectly insulated, and to avoid as 
mu ch as possible usi ng flexible w ires in dark-rooms , or 
at least to use them only sheathed in thick rubber. 
Al! dan ger can be avoided by supplying the dark-room 
with a 30-volt current from a transformer. 

1 It is use ful to be able to switch on or off a t least 
one of the lamps by either of two swit ches placed one 
at the door and one near the operator's usual position. 

stop all light other than that which passes 
through the safelight. It must be sufficiently 
well vent ilated not to cause damage through 
over-heating of the filte rs of paper or gelatine 
(charring, melting, etc.), which are obviously 
more susceptible to injury of this kind than the 
coloured glass which , at one time, was the only 
material used: In some lamps the safelights are 
separated from the lamp itself by a sheet of 
glass, and the two compartments thus formed 
are separately ventilated. 

From every point of view work is considerably 
facilitated if the lamp gives only a diffused light . 
This may be achieved either by the safelight 
being itself a diffuser, or by arranging the source 
of light so that the light which falls on the 
safelight comes from the matt-white surface of 
the interior of the lamp, which can be regarded 
as a source of diffused ligh t. 1 

Lastly, it is very desirable that the luminous 
surface of th e lamp should not be visible to the 
operator in his normal working position. This 
may be achieved by using a hinged shutter or 
opaque screen, so that, when required, the 
negative can be examined by transmitted light 2 

in the course of its development. 
We will refrain from describing the innumer

able types of dark-room lamp, more or less 
satisfactory in design and construction, which 
have been manufactured . A description of those 
at present available will be found in the dealers' 
catalogues . Vie will con tent ourselves wi th a 
mention of lamps with liquid filters. These 
consist generally of two concentric bowls of 
clear glass , between which is poured a solution 
of mineral salts or of dyes, the composition and 
concentration of which are chosen according 
to requirements. 3 

1 I n addition to the lamp which illum inates the work 
bench, it is useful to have one illuminating the ceiling. 
This gives a general indirect illumination, the value of 
which has already b een emphasized for other purposes. 
The safelights for this lamp may p ass more light tha n 
those for b ench use. This method of illumination is 
the only one used in the emulsion-coating rooms of 
some factories. 

2 Mention may be made, fo r the sake of reference, 
of an arrangement which has frequen tly been com
mended, viz. a plate of glass, illuminated from beneath, 
on which a glass developing d ish is p laced . The negative 
can then be examined by transm itted light when 
necessary, without it being necessary to remove it from 
th e d ish. 

3 A lam p with a liqui d filter can be improvised by 
placing a tubular elec tri c lamp with a small cap in a 
test-glass with a foot which is suitably weighted, and 
the upper and lower parts of which are fitted with 
opaque masks. The test-glass is then stood in a jar 
containing the filter liqu id . For in sta nce, an effective 
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250. Testing of Safelights. Th e spectroscopic 
examination of safelights, which is frequently 
recommended and sometimes used as a guaran
tee of these goods, is entirely illusory. The 
harmful rays, and particularly the violet rays 
transmitted by many red glasses, when dispersed 
by t he spect roscope, affect our eyes so little 
that they are often unnoticed even when the 
source of light is the sun or a strong electric arc. 
The only way in which a spectrographic exam
inat ion can be of any use is when t he eye is 
replaced by a photographic plate of the same 
kind as that for which the safelight is intendecjI 
The only visual examination capable of giving 
any safe indication as to the quali ty of a safe
ligh t is that in which various filters transmitting 
only one portion of the spectrum (monochromatic 
filters) are superposed on to the safelight to be 
examined; in these circumstances the combina
tion should in no case appear to transmit rays 
which should be absorbed by the safelight. 

The best, and, incidentally , the simplest, 
method of t esting a safelight is to make a 
practical tes t under reasonable conditions. If 
it be remembered that the loading of a dark 
slide takes place partly in darkness and partly 
in indirect light , that a plate loses from 50 to 
70 per cent of its sensitivity (quite apart from 
previous desensitizing) when it is immersed in 
a developer, and that the bath or dish in which 
development t akes place can be covered during 
the greater part of the development, it will be 
readily understood that if the dry surface of a 
sensitive emulsion be exposed to the light from 
a safelight, placed 20 in. away, for a period of 
30 seconds 2 without the emulsion becoming 

filter for emulsions sensitive to infra-red, with a 25 
watts lamp, is provided by a layer 70 mm. thick of a 
mixture of 9 vol umes of a cold saturated solution of 
copper sulphate and I volume of a 5 per cent solution 
of potassium bichromate (F. Leiber, 1933). 

1 It has been suggested (H. Arens a nd J. Eggert, 
1929) that the spectrograph should be illuminated 
t hrough a fi lter so tha t the various radiations should 
have the same visua l intensity in the spectrum obta ined. 
A spectrogram on t he emulsion t ested indicates by its 
least dense a reas what are the spectra l a reas to he used 
for illumination, and a second t est with the safe·light 
under test interposed indicates if the active spectral 
areas have been cut out . 

z. "Ve have seen a t ime of 30 minutes recommended 
for this test! No safelight , unless completely opaque, 
could be accepted as a result of such a test. T he 
conditions of the test lnust be very much lTIore strict 
when testing safelights intended for use in the coating, 
cutting. and examining rooms o f a works. It has been 
advoca ted (C. Emmermann, I929) that samples on 
which sensitometric scales have been printed in iden
tical conditions should be exposed for increasing times 

appreciably fogged (2 minutes if the safe-light 
tested is intended for use with positive emul
sions) , the safelight is a satisfactory one for 
the particular plate. To make the test, a plat e 
(or film) is placed in a printing frame, and 
about a third of it is covered with black paper. . 
A piece of cardboard, which at the start covers 
the whole of the sensitive surface, is moved 
every ten seconds, so that successive strips of 
the material are exposed to the light; t hese 
strips will thus receive exposures of IO, 20, 30, 
40, etc. seconds respectively. After develop
ment, the pla.te is examined, and if the 30-second 
strip and the portion which has not been ex
posed at all do not appear to differ in density, 
then the safelight may be regarded as suitable 
for the material in question. If, on the other 
hand, fog appears on the 10- or 20-second 
strip, it is necessary either to change the lamp 
for a weaker one or to darken the safelight by 
adding one or more sheets of paper, coloured 
yellow, green, or red, as the case may be. If, 
however, the first appearance of fog on the test 
strips indicates that a much longer exposure 
than 30 seconds is safe, then it is possible to 
increase the strength of the lamp. In either case, 
a fresh test should be made after the altera tion 
considered to be necessary has been carried out. 

251. Preparation of Safelights. It is beyond 
the scope of this work to describe the commerciaJ 
methods of manufacturing coloured screens, and 
we will content ourselves with indicating a 
method of preparation which may, on occasion, 
be used by the photographer. 

Procure some parchmentized paper (or sul
phurized paper) and immerse for a few minutes 
in one of the tinting solutions given below, 
heated to 120 0 F-

A. 4 % solution of t artrazine. (Yellow.) 
B. 1% solution of chrysoidine. (Orange.) 
C. I % solution of naphthol gr een. (Green .) 
D. 2% solution of carmine b lue or Patent Blue. 

(Greenish Blue.) 
E. 1% solution of methy l violet. (Violet .) 

According to circumstances, the safeligh t is 
made by using or combining the dyed sheets, as 
follows-
Slow development p apers . 

Bromide paper. • • 

Ordi nary slow p lates or films 

I or 2 sheets of A 
(Yellow) 

I sheet of A and I of B 
(Orange) 

2 sheet s of A and I o f D 
(Green) 

to the inactinic light. The time chosen as the maXimUI11 
permissihle is the longest of those tha t do not distort 
the density curve. . 

• 
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Ordinary or orthochromatic 
plates or fi lms . . 

Panchromatic plates or films 

Infra-red plates or films • 

I sheet of A and I of E 
(Red) 1 

2 sh eets of A and I of C 
and I oj D 

(Dark green) 
2 sheets of A and I of D 

(G reen) with a Prus
s i an blue filter 
added 2 

1 At 1 0 in . [rom a 25 c .p . lamp of the vacuum type 
and slightly overrun,a rapid plate (dry) will not develop 
fog until after exposure for longer than 8 min . 

2 Dissolve 154 gr. (10 grm.) of gelatine and 7' gr. 
(4'56 grm. ) of potassiUln ferrocyanide in 5 oz . 134 min. 
(ISO c .c .) water and add slowly 31 gr. (2 grm .) of pure 
ferric chloride dissolved in It oz . 5 min. (50 e.c.) water, 

Waste plates, which have been fixed (without 
having been developed), washed and dried, may 
be dyed in the same way. Safelights thus pre
pared are very transparent, and one or more 
sheets of coloured or translucent paper should 
be placed between the two sheets of glass unless 
the lamp is to be used for indirect lighting, or is 
so constructed that the light-source affords the 
lighting entirely by reflection from a matt white 
surface in the lamp. 

stirring vigorously, the t wo solutions being at 1 040 F . 
This mixture is coated at the rate of 1- o z. 91 m in. 
(12 ·5 c.e.) per '5"5 sq. in. ( 1 00 sq. em.) (K. iVI. Ku s
min sky and A. N. Kusmenov, 1936). 



CHAPTER XX 

EQUIPMENT OF THE DARK-ROOM 

252. The Amateur's Dark-room. There is no 
need of a specially equipped dark-room for the 
production of good photographs. Any room 
(preferably kitchen or bathroom con taining a 
sink and running water) may be used after dark 
as a photographic "dark-room" 1 without 
alteration. 1£ the room faces a lighted window 
or if there is a light outside (e.g. a street lamp) , 
all that is necessary is to close the shut ters or 
draw the curtains; failing this, some dark fabric 
must be hung so that it fit s tightly over the 
window; any light that filters through the cracks 
will not matter as long as the sensi t i ve fi lms are 
not exposed direc tly to it. 

The amateur who has sufficient leisure and 
opportunity to work during the daytime requires 
a non-actinic light, and can fit up, according 
to his resources, a dark-room similar to that of 
a professional photographer. Directions are 
given for this in §§ 254- 261. 

253. Public Dark-rooms. The public dark
room, found chiefly in hotels, is designed entirely 
for the changing of slides and changing boxes 
to the exclusion of all other operations (the 
dark-rooms of amateur photographic societies, 
in which the equipment is similar to that of a 
professional, obviously do not come in this 
category) . The function of a public dark-room 
being thus limited, a cabin not much larger than 
a t elephone box is quite sufficient (about 4'~ 
X 4t X 7 ft.) The equipment consists only of 
a small table along one wall to a depth of about 
18 in., and a waste-paper basket. A table 
standing about 3 ft. from the ground will be 
convenient, and a stool of appropriate height 
will enable one t o work sitting down. The room 
must be perfectly light-tight, no ray of light 
being visible after remaining 5 minutes in t otal 
darkness. To ensure this, it is usually necessary 
to provide a rebate or seating for the door to 
the width of an inch or two, the seating thus 
formed being painted matt black. A catch on 
the inside permits the occupant to shut him self 
in. The inside is papered or painted a light 

1 Care must , of co urse, be taken to avo id stainin g 
the fioor, furni ture , and wall hangings . They may be 
protected by linoleum, o il cloth , or American cloth. 
Work may also be done in a large d ish, fitted to serve 
the purpose of a sink. 

yellow or orange colour. The red light must be 
placed so that it does not illumin ate the table 
directly, only by light reflected from the wa lls. 
The best plan is to provide a small window in 
one of the walls about 15 X 20 in ., fitted with 
non-actinic screens, the source of light being 
placed outside the room; this prevents the lamp 
being left on after use by mistake. A mov
able shutter, worked from the inside, shuts off 
the light completely when using panchromatic 
emulsions. 

254. Construction of the Ideal Professional 
Dark-room. The first consideration is the health 
and safety of the worker. l Do not let the dark
room be so large as to lead to its subsequent 
conversion into a lumber-room. 

Most solutions of salts, particula rly the con
centrated solutions of hypo used for fixing, 
cause disintegration of cement. The fl oor of the 
dark-room, a t leas t in the working space, should 
preferably be paved (earthenware tiles, n ot 
cement, jointed with bitumen), asphalted, or 
covered with some impermeable composition. 
If the floor is of wood, it should be entirely 
covered with a rubber covering or linoleum, 
cemented down, or, at least , rendered imper
meable by pouring hot paraffll1 wax over it, 
t he excess of wax being scra ped off before cool
ing (the coat of paraffin wax should be renewed 
from t ime to t ime) . 

The interior walls, and, if possible, the ceiling, 
should be covered with a washable paint, prefer
ably matt (many water paints withstand water 
after complete drying) of a light colour b ut 
not white, as it gets dirty so easily , and occasions 
reflections, which may cause trouble when the 
dark-room is used for enlarging. Yellow and 
orange are the most suitable. They remain 
light whatever illuminant is used (red or green). 
It is well t o cover the wall at the back of the 

1 In F rance, an order published in the Journal 
Officiel of 12th July, 19 13, to which there ha ve been 
other references, prescribes : The volume of air shall be 
at least 10 cubic metres per person employed in a 
laboratory_ The closed rooms used for work arc t o be 
well ventilated a nd comfortably heated in winter. 
During intervals of work the air in the rooms is to be 
comple tely renewed. T he floor is to be cleaned at 
least o nce a d ay either be/ ore or after work by wash ing 
with a damp cloth. The walls and ceiling are to be 
frequently cleaned. 

172 
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sink with earthenware tiles or thin sheet lead 
to protect the wall from splashes . 

If possible, the dark-room should have a 
window for ventila tion when the room is not in 
use. The easiest way of excluding light is to 
replace the panes of glass by tin plate ; or a 
blind may be fitted between two frames, forming 
a trap for the light ; or a detachable shutter may 
be constructed by gluing opaque paper on 
cloth stretched on a framework, which, in turn, 

Failing any of these devices, it should be 
borne in mind that it is much easier t o render 
completely light-tight a sliding door than one of 
the ordinary pattern on hinges. 

256. If entrances and exits cannot be made 
without admission of extraneous light to the 
dark-room, it is convenient to be able to pass 
slides containing exposed plates from the studio 
to the dark-room, or re-loaded slides from the 
dark-room to the studio, without having to 

F I G . 1 51 FI G . 1 52 F I G . '53 

TYPES OF ENTRANCES TO A D A RK-ROO M 

FIG. 154. Box FOR L IG H T-TIGHT DELIVERY TO A DARK-ROO l\'1 

may be wedged in the window frame or secured 
by screws and bushes. 

255. Passages. vVhere there is ample room, it 
is a great con venience to provide means for 
entering and leaving the dark-room without 
admi tting light. One method is the "drum," 
as shown in Fig. 151, the vanes closing on one 
another for ventilation when the dark-room is 
not in use. 1 Another plan is a series of partitions 
represented in Fig. 152, the centre partition 
being preferably movable to admit large obj ects. 
If nei ther of these means are possible, one must 
be content with an ordinary door (Fig. 153) 
opening into an enclosure, covered with a large 
opaque black cloth, hanging in folds and arranged 
if possible against a frame which forms a species 
of rebate. Whatever the means adopted, the 
walls of the " passage " must be painted matt 
black to absorb as completely as possible any 
ligh t that may reach them. 

1 "Drums" are not advisable unless the dark-room 
has an emergency exit freely accessible for use in case 
of danger. 

admit white light to the dark-room. An arrange
ment as shown in Fig. 154 can be built in 
the partition for this purpose. It consists 
of a wooden box wi th a false bottom and 
two openings opposite each other; a flexible 
curtain of strips of wood mounted on cloth is 
arranged so that one opening cannot be un
covered until the other has been completely 
closed. 

Another device for the same purpose is shown 
in Fig. ISS. Within the thickness of a partition 
wall a kind of cupboard is arranged, closed on 
each side by a guillotine or sliding door. A 
cylindrical iron rod, sliding in grooves, forms a 
common bolt between the two doors, one of the 
latter being able t o slide only after a peg in the 
bolt has been fitted into a hollow in the other 
door, which is thus locked. When one door is 
open the bolt cannot be disengaged from the 
other, since it is flush with the inside wall of the 
open door. 

Use has been made for the same purpose of a 
drawer opening from either side of the partition, 

• 
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and sliding in a sheath long enough to cover it 
entirely . 

257. Ventilation. Except in the case of dark
rooms, having permanent entrances by "pas
sages," the exclusion of all light obvionsly 
necessi tates the closing of all the means of venti
lation usually found in a room. It is therefore 
necessary to arrange a system of ventilation 
which does not allow the passage of ligh t, by 
air-ways to another room, or preferably to the . 

• open alr. 

In either case, two systems are required, one 

F IG. 155. BOLT FOR SELF-LOCKING DARK-ROOM 

D OO R 

for the entrance of fresh air, and the other for 
the removal of the contaminated air, the former 
near the floor of the dark-room and th e latter 
near the ceiling. 

When the ventilation is taken from a corridor 
or from another room, the partition is provided 
with a wooden frame similar to that shown in 
section in Fig. 156. The passages are formed by 
thin sheets of wood or metal mounted in the 
frame. When the ventilation is taken from the 
open, the wall is fitted with hollow bri cks (Fig. 
157), the passage being made on the outside by 
a zinc baffle plate, and, on the inside, by a 
wooden frame with a wood or iron panel. In 
both cases all inside walls of the passages are 
painted matt black to avoid successive reflections 
of light. 

Ventilation to the open may also be made by 
shafts or wide tubes of wood or sheet iron 
with knees, so as to provide exclusion of light. 

258. Heating. The temperature of the baths 
used in photography considerably affects the 
speed of the reactions and the quality of the 
images. The use of time meth ods of working 
requires the temperature of the developer to 
remain practically constant from one operation 
to another, or at least during a single operation. 
It is useless t o try to use a warm developer in a 
cold dark-room, or vice versa, except by em
ploying a water-bath of large capacity . 

The best way is to keep the temperature of 
the dark-room constant within narrow limits 

(about 65° F.). If central heating is not avail 
able, the flue of a s tove in a neighbouring room 
may be arranged to pass through the dark-room. 
A closed combustion stove in the dark-room is 
a mistake, on account of the dust produced in 
charging and discharging. Failing other means, 
an electric heater may be used; unfortunately, 
it is a very expensive mode of heating.' 

259. Sinks. I t is bes t to conduct all opera
tions with liquids in a large sink. Th is can be 
made, for example, of wood, 2 lined insi de with 
lead (al l joints must be welded, not made with 
tin solder) or slate. Cement sinks are to be 
avoided; they a re cheap, but do not last long; 
earthenware sinks are usually too sma ll. The 
bottom of the sink should always be on a slope, 
to allow all the water to fl ow away through the 
waste pipe (Fig. 158) . 

The si nk is provided wi th a wooden rack from 
one end to the other, fitted with triangular rods, 
so that it makes very little contact with the 

• 

F IG . 156 FIG. 157 
D ARK-RO OM VENTILATORS 

bottoms of dishes, and consequently does not 
wet th em appreciably. 

Th e internal dimensions of the sink should be 
such that it will hold side by side the dishes 
used in the various operations. The s ll1k may 

1 Electric bo ilin g tubes (o f quartz) arc very useful 
when o ne w ishes to warm up rapid ly a very cold bath 
to the temperature of the dark -room . They are heated 
internally by res istances, a.nd arc plunged into the liquid 
to be heated, and used as a stirrer. 

2 It is possible to use sink s of bare p ine, th e boards 
being pressed by bolts o n to a jointing of th ick tar in 
the grooves oC the joints . 
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be extended on one side or the other by plat
forms where stock solu tions can be mixed . Th e 
platforms should preferably be made of imper_ 
meable materia l, or be rendered impermeable, 
and should have grooves draining in to the sink 
to preven t wa ter collecting on them . 

A bamboo rail running above and a li ttle in 
front of the top of the sin k provides something 
for the operator to lean on, and prevents his 

is used , steps m ust be taken t o avoid confusion, 
during working, between the swi tches operating 
the white ligh t and those operating the safe
lights. Th e switches for the wh ite light may be 
operated by removable keys, or may be placed 
higher t han the others, or be of a different design 
and material.' 

To avoid dazzling the eyes and rendering them 
slow in gett ing accustomed to the safclight , any 

FIG . ISS . D AHK-ROOl'd S I NK 

wet t ing h is sleeves or clothes against the sides 
of the sink, wh ich are always damp. 

Water should be laid on, if possible, from two 
taps ; ' one supplies the washing tank and is 
arranged at one end of the sink, while the oHl er, 
near t he cen tre , is used for mixing solutions , 
rinsing, etc. 2 It is well t o choose taps of a long
neck pattern, and to fix t hem so that they 
p roject from the wall to about the middle point 
of t he sink, placing them at a heigh t such that 
they allow the passage under them of the talles t 
vessels used when standing in the bott om of the 
sink or on t he gri d . 3 

The waste pipe should preferably be covered 
wit h a perforated dome-shaped cap, to prevent 
its stoppage by odd pieces of film or paper. 4 

The waste pipe should also be provided with a 
siphon , with an inspection plug at each bend, 
in case the pipe becomes stopped up. 

260. White Light in the Dark-room. Apar t 
from the safeligh ts for t he dark-room , which we 
have studied in Chap ter X IX, there must 
obviously be ordinary ligh ting, chiefly for clean
ing, getting things ready , and examining nega
tives, etc ., after fixa tion. Where electric light 

1 In a dark-room often used for the handlin g of 
la rge pla tes i t is a n advantage to be able to operate 
one o f t he taps by foot t o g ive the operator free use 
of bot h hands . 

2 A hot-water tap, while not essential, is often useful. 
3 The water s upply being usuall y at a lower tem 

peratu re than that best for the vari ous baths, it is 
convenien t, for di luting stock solutio ns at the ti me of 
usc, to have a separate conta iner o f about two gall ons 
ca.pacity, in whi ch the water ca.n come to th e tcm
perature of th e dark-room and give up at least a part 
of th e gases di sso lved in it. 

1\ If it is wished to wash large prints in the same sink, 
it is useful to fi t a support for a vertical tube in the 
waste pipe, the arrangement serv ing the purposes of 
an overflow . 

white ligh ts in the dark-room should be provided 
with ground glass or opal diffusers, so as to 
render the fi laments or flam e indistinguishable. 
The lamps should be arranged as h igh as possible 
so as t o be out of the direct fie ld of view. 

261. Equipment of the Dark-room. It is a 
good rule that the dark-room be used only for 
operations wh ich cannot be performed except 
in non-actinic light. An extra "work-room " 
should be provided, with a sink and one or two 
tables and cupboards, for any work which can 
be done in wh ite ligh t, e.g. weighing chemicals, 
preparing baths, intensifica tion and reduction 
of negatives, t oning, and wash ing 2 p rints, and 
drying. But let it be borne in mind tha t neither 
of these rooms, where the a tmosphere is always 
somewhat damp, is suitable for keeping stocks 
of plates, papers, e tc . There should , however, 
be one or two drawers in th e table, fo r use when 
loading sli des, for opened packets , and sufficient 
material t o las t the day only. 

The table used fo r loading and unloading 
slides should be far enough from the sink t o be 
ou t of t he range of any splashes, and not in t he 
direct rays of the lamp. In a very small room, 

1 It is p ossible, for example, t o use a push-p ull 
switch , worked by a pedal, to light up momentarily a 
lamp "'lith a white or bluish ground glass v.lind ow used 
for examining negati ves and prints immediately after 
fixin g . 

2 If the dark-roonl and workroom are next to each 
other, the sink may be extended through the partition 
by making a passage through the partition . Th is 
shou ld be of a size to aUow space for a dish between 
t he grid and the top of the aperture. T he amount of 
light which can thus cnter the dark-roo m will not be 
serio us if th e communication with the workroo m is 
made in the darkes t corner of the latter ; a movable 
t rap door or a blind of rubber cloth may be used as a 
sa feguard . 
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a folding table with a cloth cover can be used, 
being erected only when required . 

The dark-room should contain only absolute 
necessaries in order to facili tate working in the 
dim light. All useless shelves and cupboards 
should be vetoed; they only encumber a dark
room and make it difficult to keep it clean . A 
rack suitable for draining dishes under the sink, 
a shelf above the sink for bottles of solutions, 
and under this shelf a rack containing notches 
to hold measuring and other glasses upside down, 
form, with the table for loading dark slides, the 
only necessary equipment of a dark-room used 
for negative-making. 

If printing on development papers is to be 
done in t he same room, there must obviously 
be provided a printing box and a cupboard for 
the printing frames and opened packets of 
papers. If no other room is available, there is 
also the enlarger t o be included, which may, 
however, be of the vertical type, and thus save 
space . 

For ease in cleaning, avoid securing to the 
walls any fi ttings which can remain unattached. 
For the same reason, tables 1 and shelves should 
be painted with some washable preparation, or 
covered with linoleum , so that they can from 
time to time be sponged with a wet rag . It is 
even well to get rid of sha rp corners in the room 
by nailing into them strips of wood of triangular 
cross-section. 

A soap dish above the sink and a roller t owel 
on one of the walls should not be forgotten. 2 

1 Sheets of fibro-cement form excellent dark-room 
tables if painted with bitumen or other waterproof 
pai nt. Sheets of rubber cemented on to tables of 
hard material greatly redu ce the r isk of breaking 
glassware . 

2 One cannot too stro ngly impress the necessity of 
rinsing the hands in clean water before drying on the 
towel after contact with any chemical su bstance, dry 
or in solution . This precaution is part icularly necessary 
in the case of t he fixin g bath , which by contamination 
of the towel is the cause of lnany failures through 
handling sensitive films with fingers which are supposed 
to have been wiped clean. 

, 
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CHAPTER XXI 

DARK-ROOM ACCESSORIES 

262. Tanks and Dishes. If only one or a very 
few negatives are treated at a time, the pla tes 
or cut films may be laid fiat in a shallow dish, 
but when large numbers are often treated at 
once much time is saved if they are placed in a 
deep tank holding several plates vertically. 

Dishes are made with the sides splayed out
wards, 1 and with a lip at one of the corners for 
pouring the liquid out. The dishes most fre
quently used are not deep enough, especially in 
large sizes ; the depth being usually the same for 
a dish 20 X 24 in. as for one 5 X 4 in. 

For many years it was usual to make project
ing ridges on the inside of the bottom of the 
dish to facilitate the removal of the plates. 
This practice was a nuisance in the use of papers 
and is now almost entirely abandoned. In its 
place we have a shallow channel along the two 
long sides of the dish, which allows of the intro
duction of a finger nail or a hook under the 
plate to lift it. 

Tanks for vertical development have for a 
long time been made with grooves in the two 
opposite sides, or carrying a movable frame
work fitted with grooves. One plate is inserted 
in each pair of slots or sometimes two back to 
back. The removal of the plates by thei r 
edges is not always easy, and the grooves are 
often very close together, thus reducing the 
quantity of liquid in contact with the sensitive 
fi lm under treatment. These types of vessels, 
moreover, cannot be used for cut films. 

A developing tank invented for the use of the 
French Military Aviation (E. Cousin, I9I4) 
was a marked improvement on vessels for ver
tical development then known; it was adopted 
afterwards by the various allied armies, and its 
use has spread in all branches of photography, 
either in its original form for plates, or, after 
certain modifications, for cut films. 

The plates or films are placed singly in metal 

1 The sides of dishes are often made too much splayed 
out, to facilitate the packing of one inside the other for 
transport and storing . It is thus very difficult to move 
a dish half full of liquid or to rock it even gently with
out spilling SOlne of the liquid. The fluting on the 
sides of glass dishes concentrate locally on the sensitive 
emulsion the light reaching them obliquely, thus some
times giving rise to fogging restricted to narrow black 
shaded bands along one edge of the plate or film. 

12- (T.j630 ) 

frames or hangers 1 (Fig. I6r), where plates are 
held during all the operations until drying, or 
even including drying, in the case of films. The 
frames, once filled, are introduced one by 
one,2 and left for the time necessary in the 
different baths and in the washing tank. 
Hangers are supported by their crosspieces on 
the top edge of the tank or on an internal ledge 
(Fig. I60), the latter arrangement facilitating 
the fitting of a light-tight lid, which enables 
white light to be turned on in the dark-room 
during development, if need be. 

The tanks should always be of such size that 
the plates are covered by at leas t ;; in. of liquid 
and allow ;; in. of liquid below them, for the 
accumulation of used developer or the deposition 
of sediment and insoluble matter. 

The capacity of these vertical tanks is con
siderable (about 3 gallons for I2 X IO in.), and 
it would be ridiculous to pour the by no means 
exhausted developer into a bottle every time 
it is used, to protect it from spontaneous 
oxidation. A very ingenious way of protecting 
the developer consists in placing in the tank, 
when not being used, a floating lid (shown in 
position on the tank in Fig. I59). This lid fits 
in the vessel with as little playas possible, thus 
reducing the surface of liquid in contact with 
the air. 3 

It is easy in a given tank to treat plates or 
films of any size smaller than those provided 
for. Hangers for plates 7 X 5 in. upright can 

1 The frame shown in plan and elevation in Fig. 1 6 1 

is of the type used for plates. To assure a better hold 
on a film after it has been softened by wetting. 
curved frames may be used, Of, for large films, frames 
with a deep rebate (which can then be perforated to 
allow free circulation of the liquids) or frames with 
spring clips at the four corners. 1£ curved frames are 
used the en1ulsified surface of the fil m must be the 
concave one. 

2 To avoid air-bells both plate and film han gers can 
be introduced at an angle (not vertically) . As soon as 
the whole en1ulsion is w etted the hanger is lifted up 
and clown a few times. The hangers must not be too 
close t ogether; a gap of .g. in. for plates 7 X 5 in. or 
about I t in . for plates IS x I 2 in. should be lelt. 

3 The floating lid can be improvized by cutting a 
piece of impermeable p aper (paraffin waxed paper) of 
size about n th of an inch smaller than the internal 
dimensions of the vessel. This paper can be replaced 
when it becomes damaged. 

I 77 
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be used for plates 5 x 4 in. on their sides. 1 

Also, movable crosspieces may be fitted on 
which to res t frames smaller than those intended . 

263 . Special Tanks for Roll Films. A descrip
tion of all the methods for development of roll 
films would carry us too far afield. F or (he 
amateur' s roll film we have tanks into which 
the film may be introduced in daylight, no 
dark-room being required. F or cinematograph 
films we have frames immersed in a large vessel, 
or horizontal drums, with the film wound on 
them, revolving on an axis. The lower part 
only is immersed in the ba th , and the steady 

F I G. 159 FIG. 1 60 
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rotation ensures uniform act ion on the film. 
Differen t types of apparatus for the treatment 
of the amateur's spools singly will be found in 
any catalogue of photographic apparatus ; {or 
equipment of the cinematograph dark-room we 
must refer the reader to special works. 2 

The commercial processing of roll films 
(developing and printing) for the amateur is 
generally done in deep tanks, the films being 
held by clips hung on a rod, by single hangers, 
or by racks holding several film s. Long films 
are often fas tened at both ends by the same 
clip, the two sides being held apart by a cylin
drical roller weight or by a cross-piece of the 
frame . 3 

For long strips of film used in automatic 
cameras for aerial photography, viz. film s too 
large to be handled on frames similar to those 
used in cinematography , the only practical 

1 Tanks can also be made to take frames of various 
sizes, for in stance, 7 X 5 in. lying on t heir s ide . length
ways ; or 5 X 4 in. upright, crossways . 

2 J. 1. Crabtree , The Development of Motion Picture 
Film by the R ach and Reel System s (K odak Ltd .) . 

3 In case a fi lm shou ld drop t o the bottom of a t a nk. 
a net or basket is sometimes kept a t the bottom from 
where it can be drawn up by cords or rods hooked on 
the upper edge of the tank. 

apparatus is, to our knowledge, the large-scale 
model of the Kodak cyli ndrical tank, made for 
development of roll films in daylight (Eastman 
Kodak Co., I 9IS). The film to be developed is 
wound on a suitable spool with a sheet of cellu
loid provided on its t wo edges with toothed 
rubber bands, which keep the coils of the film 
from one another, permitting the access of the 
liquid and the escape of air when the successive 
solutions are poured into the cylindrical tank 
holding the spool (the model made for the 
U.S. Air Service takes films 25 yd. long and 
about 7 in . wide) . 

We may fll1ally mention, without describing 
any of the many types, the machines for pro
cessing (including fixing and washing) cine 111m, 
film in long strips for aerial photography, and 
ro ll-films used in cameras for amateurs. 

264. Materials for Tanks, Hangers, and Dishes. 
Owing t o i ts absolute impermeability and 
resistance to nearly all chemical reagents, glass 
is certainly the best material for the manufacture 
of tanks and dishes, at leas t in the sizes required 
by the amateur. After proper cleaning, a glass 
dish can retain none of the products it previously 
held, and can therefore be used alternately for 
very different operations without risk of con
tamination. Transparent glass dishes are some
times used in order to be able to illuminate 

------ --
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the negatives from below in the course of 
development or fixing in order to follow th e 
progress of the operation without touching the 
plates. 

P orcela'in (white translu.cent ware) has the 
same properties, but is no longer used for dishes 
and tanks. Dishes sometimes described as 
" porcelain " are nearly always made of some 
variety of earthenware (opaque porous ware) 
with the surface protected by a glaze, which is 
fragile and easily chips off. This glaze readily 
cracks, allowing the products to penetrate into 
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the porous substance, whence they can only be 
partially removed by washing, or even by the 
action of powerful reagen ts . Not only should 
a n earthenware dish be kept as far as possible 
for the same bath, but one should avoid leaving 
the solution in it longer than is necessary for 
the operation; for if a solution of a salt is left 
in such a dish it tends t o crystallize out in the 
earthenwa re, breaking up the glaze and some
times even the earthenwa re itself. This does 
not apply , however , to the special stoneware 
made for the chemical industry and used for 
the manufacture of vertical tanks for handling 
numbers of roll films at a time. 

Brief reference may be made to dishes of 
j apanned card, also to tanks and dishes of cellu
loid or of moulded composition. These nearly 
always split or become deformed after using a 
few times. 1 

Slate is excellently adapted for the const ruc
tion of dishes of large size, being strong and hav
ing perfect resistance t o almost all chemical 
reagents. 2 At the same time, it is very necessary 
to protec t the edges of the tanks used for fixing 
to prevent the hypo from penetrating into the 
material along the planes of cleavage, and 
separating the layers when it crys tallizes . This, 
however, only occurs after very long use. 

Tanks of cement are useful for washing; they 
can also be used for development in dilute baths 
or baths only slightly a lkaline. They are 
attacked by fixing baths, particularly acid fixers, 
as well as by all acids in very weak solution. 

Dishes of wood lined with gutta-percha about 
t of an inch thick are very satisfactory in 
large sizes by reason of their lightness and 
strength. They are not much use, however, in 
hot climates, where the gutta-percha becomes 
very soft . If left dry for a great length of time 
these dishes are liable t o crack, but it is easy to 
repair them with a hot iron. Wooden dishes 
may be made impermeable with molten paraffin 
wax applied very hot with a brush and smoothed 
on the surface with a hot iron; also with several 
coatings of asphalt varnish, allowed to dry with 
free exposure to the air before using. 3 

1 These dishes In ust ne ver be used for baths co n
taining caustic a lkali or a large proportion of a lcohol. 

:! Dishes for development and washing must be jo ined 
by cement; t hose for fixi ng, with g utta-percha. 

3 P lain wood, preferably o ne of a res inous nature, 
may be used for tanks, if the latter arc metal-bo und 
(otherwise they may leak at the joints, esp eciall y if 
a ll owed to dry), a nd are always kept fo r the same 
operation. The wood, being porous, does not permit 
the use of successive" incompatible" baths. 

Vessels of enamelled cast iron made by manu
facturers fo r the chemical indust ry resist the 
usual photographic reagents well. The iron 
does not become deformed, and the enamel, 
having the same coefficient of expansion as the 
iron, does not tend t o crack. Unfortunately, it 
is not the same with dishes of enamelled sheet 
iron, or enamelled steel, of which the coating is 
often cracked before delivery.1 Once the metal 
underneath is bare its corrosion is rapid, and 
the enamel soon comes off in flakes on both sides 
of the cracks. Also, bad quality enamels often 
used in this branch of manufacture are super
ficially attacked by the alkali of developers, and 
are then by no means so easy to clean as when 
the surface is polished. 

Ebonite-covered steel, which is sometimes 
used for medium-sized tanks, is not open to the 
same obj ec tions, as ebonite is sufficiently elastic 
not to crack in case of sl ight temporary or 
permanen t distortion of the metal. 

When bare metal is employed, the action of 
the metal on the bath, as well as that of the 
bath on the metal, has t o be considered. In 
particular, copper and tin, 2 with their alloys (with 
the exception of the copper-nickel a lloy to be 
mentioned), bronze, brass, and solder, should 
never come into contact with a developer, owing 
to the certainty of an intense chemical fog 
resulting 3 (J. I. Crabtree, 1918). 

In considering the choice of a metal, a dis
tinction must be drawn between a material 
suitable for amateurs, which is not likely to be ex
posed for long periods to chemical action, and one 
used on a commercial scale, which may be almost 
continually in contact with the solutions used. 

Stainless steel for chemical industries (with 
18 per cent chromium and 8 per cent nickel), 
pure nickel, nickel alloys rich in n ickel (Moll,el, 
Inconel) are suitable for development, fixation 
and washing ; copper or brass thickly and 
evenly nickel-plated, are suita ble for vessels used 
for development and washing ; they may a lso 
be used for fixation, but the time of exposure to 

1 This is nearly always the case with d ishes having 
the vertica l sides joined. Dishes o f stamped iron plate 
arc less liable to deformation , and have a better resist
an ce , the enam el only breaking in the case of rough 
treatm ent. 

2 Copper, especia ll y, t ends to promote a eria l fog 
(§ 339), wh ich may be avoided by desensitization; tin 
produces a fog that i t is impossible t o diminish. 

3 Rubber o f ord inary qua li ty (tubing, s toppers, etc .), 
which contains antimony sulph ide (always present in 
the red variety) and s ulphur, also causes fog if a ll owed 
to contamina te the developer. Pure rubber (English 
sheet ) does not give rise to this trouble. 
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hypo must be strictly limited to the time neces
sary for fixation, and the vessels must be washed 
immediately afterwards. 1 

Tanks of cast iron and of mild steel have been 
used with advantage for developers with a 
st rong content of caustic alkalies. 

Lead is not attacked by developing or fixing 
solutions (the latter may contain acid, alum, or 
silver salts) , nor does it affect the solu t ions. 2 

Wooden tanks lined with lead (the joins must 
be made by welding and not with a tin solder) 
are very satisfactory, as a re sma ll lead-lined 
steel tanks. Type metal h as similar properties, 
and m ay be used, particularly for taps in ph oto
graph ic tanks. 

Zinc is not affected by pure water, but it is 
rapidly attacked by photographic solutions, even 
when very dilute. When tanks for washing a re 
made of or lined with zinc, it is essentia l to 
restrict the corrosion of the metal by at leas t 
rinsing plates or prints before putting them into 
the tank . The tank should always be emptied 
and drained after use. \"Iith some care, tanks 
of ga lvanized iron may, however, be used for 
slightly a lkaline developers. 

In general, all metal vessels which come in to 
contact with developing or fixing solutions 
should be m ade of one homogeneous m etal. 
Of two metals in contact with each other and 
with the solution, one is a lways more quickly 
corroded than it would be a lone, owing to 
galvanic action. Most alloys thus suffer greater 
corrosion in contact with solu t ions than would 
either of the constituents separately . 3 

265. Glass-ware. The photographic outfit 
comprises a number of glass articles, notably 
graduated glasses (measuring glasses, conical 
g lasses, and m easuring cylinders), 4 the p'adua
tions of which are often marked with a pleasing 
disregard of exactness (the graduation of meas-

1 If absolutely necessary, the tanks may b e sol
dered externally; developing hangers should never be 
so ldered. 

2 In general, any metal, when placed in used fixing 
baths as in solutions of s ilver sa lts, becomes covered 
with a weakly ad hering film of s ilver, which g ives only 
v ery in cornplete pro tection against the act ion betwee n 
the metal and the solutions in which it is immersed. 

3 Many of the data given in this paragraph arc taken 
from the papers of J. 1. Crabtree and C. E. Matthews, 
published in 1923 and 1924. 

'The risk of breaking measurin g g lasses is greatly 
red uced by fitting a projecting band of rubber round 
the top edge. 

At its upper surface a solution ascends th e walls of a 
vessel (capillarity). The observer mu st read the lower 
surface of the meniscus th us formed , the eye be in g on 
the same level. 

. 

uring cylinders is generally less crude than that 
of the conical m easures, and is, at any rate, 
fairly uniform), stirrers 1 (glass rods rounded at 
the two ends by heating), a dropping bottle,2 
and funnels for filtrations. In a dark-room of 
any size a funnel stand of wood is a useful 
thing; the" notch" type is preferable to the 
" ring" pattern. 

F or the preparation of baths i t is useful to 
have some pots or pans of enamel ware or 
aluminium in which water may be heated , the 
dissolution of the chemicals being done in a 
bottle or :n some vesse l of a materia l resis
tant to the substances used . For warming-up 
any solutions, basins of porcelain or pyrex 
glass, or, more economically, porcelain ki tchen 
casseroles, should be used exclusively. 

We shall discuss more full y in a later chapter 
the question of bottles and glass ja rs (§ 27I). 

266. Cleaning of Utensils. Dishes, tanks, amI 
all vessels or u tens ils of glass or earthenware 
are best cleaned by running a little strong 
hydrochloric acid a ll over. The acid can be 
used a great number of times. With a hard 
brush or a rubber sponge it is then very easy 
to remove all ad heren t deposits, and the clean
ing is finished by rinsing in pure water and 
draining . It is better not to wipe; the cloth 
used is genera lly dirtier than t he vessel to be 
cleaned. 

If a point is made of cleaning vessels immedi
ately after use, it is usually sufficient to rinse 
them in water to be sure they are perfectly clean. 

Adherent deposits on the inside of bottles 
can often be rem oved by shaking up with lead 
shot. 

Wooden developing frames or racks placed 
successively in developing and fixing baths 
must be cleared of all traces of the hyposulphite 
which h as penetrated into t he wood before 
being used again. This can be done by allowing 
them to rem ain for some time in a solu tion of 
about 80 g r. to the gallon of potassium per
m anganate (followed by a rinse in pure water). 
The same precaution can be taken with metal 

1 \ ·\fhen using a stirrer in a vessel of thin g lass it is 
well to cover the ends of the stirrer w ith a small pi cce 
of rubber tube . For mixing large quantities of liquids, 
a large spatula or paddle of soft w ood is b est , but each 
of t h ese must be kept strictly for a particu lar bath, 
the name being marked on the handle. 

2 The volume of the drop varies with the nature of 
the liqui d and with the temperature, but it varies most 
w ith the outside di mneter of thc dropping tubc. The 
drops given in so me fo rmulae arc, as in pharmacy, the 
drops delivered by a standard dropping boUle with 
capillary tube of external diameter 3 InIn. 
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frames,l b ut they need not remain so long in 
the bath. 

Metal tanks 2 can , if cleaning with water is 
insufficient , be rinsed occasionally with hydro
chloric acid diluted with about ten times its 
volume of water, but the vessel must not be 
allowed to remain in contact with this acid bath 
too long . 

Too great emphasis cannot be laid on the 
necessity of carefull y cleaning every new vessel 
before taking it into usc. F or the first cleaning 
of meta l goods (except for a lumin ium, wh ich 
can be cleaned with soap or wi th a solution of 
t ri sod ic phospha te) hot soda solut ion should be 
used to remove the greasy ma terial which has 
been employed for pol ishing or for the pro tec
tion of the surface. 

267. Various Accessories. The rachs sold for 
drying negatives are usually of bad design. 
As a trad it ion from the days of wet collodion, 
when the photographer had to carry hi s ent ire 
appara tus to the place of opera tion, these 
accessories arc of folding pattern, to the detri
ment of their stability; their grooves a re also 
too close together, and are of rec tangular 
section, whereas they should be of V -section, 
so as not to allow the wet gela tine to st ick to 
the sides of the groove . F or professiona l work , 

1 The s il ver whic h is dep osited o n the me tal fram es 
forms a n une ve n layer liable to st ick to the gelati ne 
o f the negatives. It is best to remove the large deposit 
o f s il ve r fro m t ime to ti me by means o f a s teel brush . 
Afte r this, p roceed with the treatment indicated above, 
and th en bru sh w ith a tooth bru sh, rin se in water, and 
put t o d ry. 

2 For s ta in less s tee l li se nitric ac id dilu ted as s tated 
above for hydrochlori c acid. 

and in all cases of large sizes, the racks should 
be rigid, with well-spaced grooves, allowing free 
renewal of the air round the drying gelatine. 

As regards balances , it is best to choose the 
R oberval type, thus permitting the weighing of 
substances in a weighed vessel without inter
ference of the usual st irrups supporting the 
pans. The sensitiveness of a ba lance being about 
a two-thousandth of the maximum weight it will 
carry, it is well not to buy a balance which is 
capable of dealing with greater weigh ts than are 
necessary . If, in a large establ ishment, it is 
necessary to have balances for heavy weights, 
it will be bes t to provide a separate balance 
for light weights. A R oberval balance, having 
a very long needle, will weigh 3 oz. to 7 oz. to 
the nearest grain. 1 

A very useful accessory in the photograph ic 
dark-room is a small clock having only a minute 
and second hand, both being visible in the 
semi-darkness of the dark-room, or, better 
sti ll , a metronome, se t to beat half seconds or 
seconds. 

A final item of equipment is a thermometer, 
fixed at some distance from the wall, to indicate 
the temperature of t he dark-room; also a small 
thermometer, graduated on the stem, for placing 
in tanks or dishes to ascertain the temperature 
of the baths. 2 

1 A very pract ical type of balance , s ince it avo ids 
the use o f the very small weights , o ften los t , co nsists 
of a graduated beam a lo ng wh ich a small mass can be 
moved as in the steelyard . 

'Alcohol thermo meters for photographers should 
n ot have the liquid coloured red, bu t d cep purple blue, 
in order that it may be eas ily seen in non-actinic light. 
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CHAPTER XXII 

CHEMICALS ; PREPARATION OF SOLUTIONS 

268. Choice of Chemicals. Substances which 
are en tirely free from chemical impurities 
cannot be obta ined as ordinary commercia l 
products, and a re only necessary for certain 
scientific investiga tions, for wh ich purposes they 
are specially prepared by elaborate processes 
of purification . Intermedia te between t he purest 
chemical products and the raw materials , there 
are a la rge number of grades, which differ from 
one another in the amount of active constituent 
they contain, as well as in the nature and pro
portion of the various impurities. Certa in im
puri ties , according to the use for which the sub
stance is needed, a re not injurious. F or instance, 
impurities which merely lower the amount 
of active substance present may be permitted, 
but others, which would retard or interfere with 
the in tended reaction, should be excluded. 

F or this reason, chemica l substances to be 
used in pharmacy must comply with the stan
dards of purity la id down in the British Pharma
cop oeia . Similarly, many firms issue certain 
specifi cat ions to their purveyors of chemicals, 
which state the limits of admissible impurities 
in each product, and fix the price according to 
the actual content of act ive substance. It m ay 
be gathered from these remarks that care should 
be exercised in buying photographic chemicals, 
and tha t a comparison of prices is not t he only 
consideration t o be taken into account . 1 

In his own interes t s, therefore , the photog
rapher should purchase his chemicals from 
reputable specialized firm s, who, from their 
knowledge of the ult imate uses of the m aterials, 
can supply the required qua li ties. 

269. Anhydrous, Crystalline, Efflorescent, and 
Deliquescent Substances. The amount of active 
substance contained in a prod uct varies con
siderably with the chemical form in which it is 
obtained, and a lso with the extent to which it 
may have been changed by t he action of the air. 

Many salts exist in two forms, anhydrous and 

1 By way of a typical example, p recioll s metal refiners 
supply" chlorides of gold" in whi ch the amount o f 
pure gold varies from 15 per cen t to 48-50 per cent . 
T he d ifference between the vari ous samples can o nly 
be shown by actual est im ations. I t is , therefo re, qu ite 
easy fo r an unscrupulous reta iler to subst itute the low 
grade products for those richer in gold , thus rea lizing 
an appreciable profit a t the expense of the consumer . 

hydrated, the latter appearing most usua lly in 
the form of crystals. Anhydrous sulphite of 
soda,l for example, is equivalent to exact ly 
twice i ts own weight of the crysta lline sulphi te, 
the difference (assuming both substances to be 
pure) representing the water of crystallization 
contained in the crystalline salt. The fact tha t 
this numerical relationship is fortuitous and 
applies only to the case of sodium sulphite, is 
often overlooked. Thus, anhydrous carbona te 
of soda is equivalent t o 2·7 times its own weight 
of the crystalline carbonate, and anhyd rous 
hyposulphite of soda to approxima tely l·S times 
its own weight of the crysta lline salt. 

The water, which const itutes an integral part of 
hydrated salts, is not a lways firmly retained , and, 
in a very dry atmosphere, certain of these salts 
ejjloresce, t he outer coating of the crystal being 
converted to the powdery anhydrous compound . 

Other salts, both a nhydrous and hyd rated, 
readily absorb moisture from the a ir,2 di ssolving 
progressively in the wa ter they have absorbed. 
These deliquescent or hygroscopic salts, as they 
a re called, are very difficult to keep in good 
condition, and their weighing-out becomes so 
uncertain that it is often advisab le to prepare 
from these substances, immed ia tely they a re 
received, a stock solution of known concentra
tion, from which, at any future time, the various 
mixtures may be prepared. 

270. Unstable Substances. Many other sub
stances change very rap idly , either spontane
ously or due to the influence o f a tmospheric 
oxygen. These changes are usua lly accelerated 
by the presence of m oisture. In this m anner 
sulphite of soda, particula rly as the crysta lline 

1 The rules of chemical no menclature s tate that the 
name of a salt should be fo rmed not fro m the base 
(sod a , p otash , ammo nia , etc.) to w hich it correspo nds, 
but fro m the metal (sod iu m, potass ium , and the hypo
thetical radical, ammon ium): we shall adopt, as far as 
possible, the nomenclature i n c urrent usc , a lthough 
it should be understood that the two names a rc equ iv
a len t and re fer essentially to o ne and the same c om
pound. (The only exception is a substance which is 
not used in photography, namely. chloride o f lime. 
This is the co mmon name for calc ium hypochl orite , a 
salt which di ffers w idely from calc iu m chl orid e.) 

2 Produc ts like quickli me and li ver o f sul ph ur that 
s well in damp a ir without dissolving in the absorbed 
water may burst a bad ly st oppered jar. 
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salt or in solution (in which case the weaker the 
solution the more rapid the change), is gradually 
converted in to a mixture of sulphate and di
thionate by absorption of oxygen. Similarly, 
developi ng agents turn brown or black , in time, 
by ox idation, especially if they have been trans
ferred to a damp vessel ; cyanides are grad u
a lly converted into carbonates by the carbon 
d iox ide in the a ir. In a manner similar to the 
loss of gas from seltzer water, ammon ium hy
drate constantly loses ammonia gas, which, 
dissolved in water, forms the act ive constituent. 
Solutions of formaline , or formaldehyde, deposit 
a white insoluble mass (t rioxymethylene) pro
duced, without external interference, by a 
transformation of the original gaseous product. 

These examples, which could be multiplied 
indefinitely, indicate, in the first p lace, that 
every precaution should be taken t o store the 
substances as carefully as possible, and also 
th at, as regards the maj ority of chemicals which 
are used , the actual amount of active substance 
present is very uncertain. 

Fortunately, the ordinary photographic pro
cesses do not require great precision . A con
siderable variation of an act ive substance in a 
photographic bath would often pass unnoticed. 
It is therefore useless to discuss the relative 
meri ts of formulae differing from one another 
in a small degree, since the variat ions, which 
occur un known to the operator, are in many 
cases much larger. 

271. Storage of Chemicals. Many solid sub
stances, which are not readily affected , are 
usuall y de li vered in bags or card board boxes, 
to red uce carriage costs, but there are very few 
photographic chemicals which, if stored in lhis 
manner for any length of time, would not become 
spoiled to a greater or lesser extent. 
Moreover, it is not infrequently found that the 
labe ls or inscriptions on such parcels are los t 
or become illegible, or that the bags are split 
with the consequent ri sk of annoying losses and 
mistakes. 

Stable substances, such as hyposulphite, 
a lums, and the various natural products, which 
are occasionally used, gum , starch, etc., should 
be stored in wooden boxes, or the bags contain
ing them should be placed in labelled metal boxes. 

All other substances should be stored in 
tightly-stoppered glass 1 or earthenware recep-

1 Bottles of blue o r brown coloured glass arc often 
consid ered to possess excepti onal qualities for the 
preservation of substances or sol utio ns which arc either 
decomposed o r oxidized more readily when exposed 
to light . The pro tection afforded by colo ured glass is 

tacJes. For this purpose, narrow-necked reagent 
bottles are very much easier to seal hermetically 
than the ordinary type of wide-mouth bottle . 
Druggists usually seal off their bottles with 
flat corks which are cut off level with the neck. 
This method, a lth ough perfect at the outse t, 
does not afford such an a irtight joint once the 
cork has been removed and replaced . It is 
therefore better to obtain, both for ordinary 
products and for unstable substances, a series 
of bottles of required capacity, fitted with 
good quality cork stoppers of tall conical! 
shape, which are easi ly removed by hand, and 
will last for a considerable time. 

It is frequently supposed that ground-glass 
stoppers are preferabl e to cork. Although 
they must of necessity be used with certain 
liquids, such as nitric and sulp huric acids, wh ich 
attack both cork and rubber, the fitting so 
obtained is far from airt ight, and there is the 
additional risk that the stopper will stick tightly 
unless smeared with paraffin. 2 This type of 
stopper should be avoided for alkalis and their 
solu tions, and for very volati le liquids, such as 
ether. 

Many substances which attack cork (solut ions 
of caustic soda and potash, hydrochloric acid, 
eau de J avelle) can be stored in perfect condition 
in bottles fitted with rubber stoppers. This 
method of storage is recommended for all oxidiz
able solu tions. 3 

Beer and preserve bottles can be obtained 
with mechanical caps, wh ich fit down tightly on 
to rubber rings. These afford a perfect airtight 

absolutely illuso ry if the exposure is at all prolonged , 
as is genera lly the case wh ere bottles or Aasks arc left 
in a "tclllightcd room. The few substances which are 
unstable to l ight (e.g. solut ions of mercuric iodide, u sed 
for intensification) shou ld be stored in opaque bottl es 
(either stoneware bottles o r ordinary glass bottles 
covered with black paper). 

1 Cork stoppers can be made morc flexible by rollin g 
them under p ressure between a bloc k of wood and the 
top of a table: they can be read ily filed down, if neces
sary, to improve the conical shape . A conical stopper 
of pliable cork affords a perfectly a irtight fitting owing 
to the pressure which it exerts o n the glass as it is 
gradually forced in. \Vhen inserti ng the cork, about 
half its length should be le ft above the neck. 

2 Stuck stoppers can usually be loosened by leaving 
the bottles for about 48 hr. und er a depth of about 6 in . 
of water, the watcr grad ually finding it s way between 
the s topper and the nec k. Sharp tapp ing with a stout 
glass tube is another mothod which is o ften s liccess ful. 

3 The rubber bungs or stoppers used for developing 
baths sho uld be made, as far as possible, of pure flexible 
r ubber (§ 264 footnote) , which, by reason of its length 
of service, is in the end more econom ical than" loaded" 
rubber. In any case, red rubber should be avoid ed. 
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fit, which is specially useful for oxidizable liquids 
and solids. It is also possible t o procure rubber 
caps, which may be drawn right over the neck 
of a bottle fitted with an ordinary cork stopper, 
in order to render the joint m ore airtight. 

In F rance, the law demands that in a profes
fesional establishment, a ll poisonous substances 
(which a re always delivered with a red label and 
a second label marked " Poison ") shall be kept 
under lock and key in a special cupboard. All 
other chemicals may be stored on shelves in 
the room where the baths a re prepared. To 
a void all chance of dangerous mistakes, no 
beverages or pharmaceutical products should 
be kep t in this same room. 

The amateur must never store photographic 
chemicals or t heir solutions near househ old or 
pharmaceutical prepara tions, and it is important 
that they should be inaccessible t o children . 
Bottles of similar' shape t o those used for 
beverages should be avoided, or a t least the old 
labels should be removed and new ones indicat
ing t he contents m ade clearly visible. As the 
common photographic chemicals are not poison
ous, their accidental ingestion will have only 
disagreeable consequences. 

272. LabeUing of Jars and Bottles. The neces
sity fo r labelling very clearly the containers of 
all substances or their solutions 1 immedia tely 
they are bot tled cannot be sta ted too emphatic
ally . Neglect of this elementary precaution , 
especia lly in a dark-room to which several 
people have access, leads inevi tably t o annoying 
mistakes and to loss of materials which cannot be 
identified. 

Labels wri tten in indian ink on white paper 
can be rendered indelible by pain t ing them , 
after the gum has dried, with a brush dipped in 
celluloid varnish or m elted paraffin wax . If 
t his is not done, a bottle should be held wi t h t he 
label upwards when pouring out liquids, so that 
if any of the solution should t ri ckle down the 
sides the label will remain intact. 2 The labelling 

1 I t is poss ible, fo r provisional labell ing , to w rite 
o n very dry glass w ith a stick of alu miniu m. In a 
laboratory where large nmnbers of solutions are p re
pared it is often very convenient to etch or roughen 
a small area o n a series of bottles, the matt p atch 
allowing of short notes being written in pencil. 

2 T o avoid loss of time when renewing the stock 
solutions of baths which a f C in constant use, it is o ften 
useful to have a copy of the formula for each particular 
bath in the form of a label on the bottles in which they 
arc kept. T he form ulae may also be cop ied o n to a 
piece o f white cardboard, mou nted under glass and 
fixed t o the wa ll n ear the place where t h e weighing 
is carried out. 

of all large receptacles should be done with 
paint . 

273. Solutions, Concentration, Solubility, 
Saturation. A solid, liquid, or gaseous substance 
dissolves in a liq uid when it disappears in to the 
liquid, giving a homogeneous solution; the d is
solved substance is called the solute, and the 
liquid in which it is d issolved the solvent; 
evaporation of the solvent leaves the solu te 
unchanged. 1 

F or practical purposes 2 t he concentration or 
strength of a solution may be taken as t he weigh t 
in ounces of the solute in 100 oz . of the solu tion. 
F or example, if 20 oz. of hyposulphi te a re dis
solved in a certa in q uant ity of water and, after 
solution, m ade up to 1 00 oz ., th en this solution 
is said to be 20 per cent, or a 20 per cent hypo
sulphite solution . (When the solven t is water , 
the fact is not usually stated.) 

At anyone temperat ure, a solven t will dissolve 
only a fixed amoun t of a sal t, and when the 
solution h as attained its maximum concen tration 
it is said to be saturated . Th is concent rat ion is 
known as the solubility at the temperat ure in 
question. 

E xcept in very ra re cases the solubility of a 
salt increases with ri se in temperature. On 
cooling a saturated solution, t he excess of the 
solute over the solubility a t the lower tempera
ture separa tes out in the form of crystals, which 
a re generally much purer tha n the origin al 
substance (purifica tion by crystallizat ion), sin ce 
the impurities present have not been able to 
reach t heir saturation point , as long as the 
amount present in the salt is not consiclerab le. 

In certain cases, however, a carefu lly cooled 
saturated solu t ion will not deposit crystals, but 
will remain in unstable equilibrium. Such a 
solution, called supersaturated , will deposit t he 
excess of salt in solu t ion immed iately, if a speck 
of the same salt (germ) is b rought into contact 
wi th i t. 

The speed of solution depends on various 

1 The v olume of soluti on obta in ed is gen erall y 
interm ediate between the volume o f the solvent and 
the su m of the v o lumes o f solvent and sol ute. "Vhere 
the solution of a solid takes place with out any chemical 
reaction with the solvent, there is usually a quite 
perceptible lower ing of temperature. notably in t he 
case of the solution of hyposulphi te in water. The 
solubility of a salt is usually reduced by the presence 
of a second salt derived from the same meta l or acid 
as itself. 

2 In physics the concentration is some tim es expressed 
as the weight of the solute in 100 grm . o f the sol ution, 
the curves expressing the solubility at various tem
peratures being in this manner reduced to s traight lines. 
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factors. A porous or very finely divided sub
stance will dissolve much more readily than one 
in the form of large compact lumps. Neverthe
less, water should not be poured on to a pow
dered anhydrous substance, but t he lat ter 
should be dropped into t he water in small 
quantities to prevent the formation of a large 
compact mass of the hydra ted salt. Solution 
takes place more rapidly in hot than in cold 
water, and is accelerated by agita t ion. Since 
the solut ion is denser than the solvent, there is 
a tendency for a saturated solution to be formed 
in the neighbourhood of the salt unless this is 
suspended in a porous pot or a bag a t the top 
of the liquid. 

274. Expression of Formulae. A correctly
stated formula gives the substances in the order 
in which they are to be dissolved. 

The quantities are expressed in weights of solid 
substances, or volumes (at 65° F. ) for liquids 
(g rammes and cubic centimetres for preference). 

The weights or volumes are arranged to give 
a total volume of 20 oz. (or 1,000 c.c.) . The 
volume of the principal solvent need not be 
expressly stated, but may be indicated by t he 
instruction, " Sufficient quantity to make 20 oz." 
or some such equivalent term. 

'vVhen a formula denotes that a certain number 
of drops of a solution are to be measured , to 
avoid confusion the number is usually given in 
roman figures. It is, however, better to pre
scribe the quantity in cubic centimetres or 
minims of a more di luted solution. 

275. Water used in the Preparation of Baths. 
Wi th the exception of distilled water , ra in-water, 
and wate r melted from ice, the water usually at 
our disposal (ta p, river, and well water) contains 
dissolved salts (chiefly bicarbona te and sul phate 
of lime) , 1 suspended matters (dust , rust particles 
from the iron pipes) , organic substances of 
animal and vegetable origin, which in co lloidal 
form escape the most perfec t filters, a nd after 
coagulation deposit in the baths as a fin e mud, 
and , las tly, dissolved gases, notably oxygen and 
carbon dioxide. 

Business es tablishments, possess ing a water 
supply of poor q ua lity , bu t which are a ble t o 
obtain distilled wa ter qui te cheaply (condensed 

1 The water in many urban d istric ts is sterilized with 
eart de .Javelle (hypochlor ite of soda). the excess o f 
Wllich is purposely destroyed by the additio n of traces 
of hyposulphitc of socia . \Vhilc infin itesimal t races of 
the latter salt would not cause a ny appreciable incon
venience , hypochlorite of soda, how ever, p resent even 
in the fa intest traces , might quite possibly react with 
certa in d yes . 

wa ter from boilers) should certainly use the 
distilled water for the preparation of all baths, 
since the only impurities it contains are small 
quantities of dissolved gas. 

Amateurs and professionals, who would have 
to purchase their distilled water from outside 
sources, but who are supplied with ordinary 
drinking water, should use freshly boiled water 
for the preparation of the baths. Boiling con
verts the bicarbonate of li me, which forms the 
la rger part of the dissolved salts, into the 
insoluble carbonate of lime, coagulates most of 
the organic matter, and expels the dissolved 
gases, which can re-dissolve only a fter the water 
has been cooled . 

A few substances form t races of precipitate 
in presence of the sulphate of lime which exists 
in boiled wa ter, but if the baths are made up in 
rela tively small quantities it is quite easy to 
fil ter them before use. The fil t ra ti on of large 
qua ntities of solutions, such as are required in 
th e cinematograph industry, in troduces many 
serious complications, which can be avoided 
either by the use of disti lled water or of water 
purified by chemical means. 

As a general rule, therefore, distilled water 
is not necessary for the preparation of photo
graphic ba ths,l in spite of the in struct ions to 
the cont rary which are given in vari ous formulae. 

276. Preparation of Photographic Baths. For 
the weighing-out of small q uantities, the balance 
pa ns are covered with smal l sheets of paper, 
which are renewed for each fresh substance. 
To avoid the form ation of dust , each shee t is 
wetted under the tap before being thrown away . 
F or large quantities the substance is gradually 
introduced into a tared receptacle. 2 A bottle 

1 The o nly ex ceptio ns to the usc of tap wa ter arc 
in the prepara tion of t he stock sol ut io ns o f the sa lts 
derived from the precious metals (s il ver, gold, pla tinu m ). 

2 vVherc a substance is obta ined regularly in crysta ls 
of approxi mately the same d imensions it is possible to 
replace w eighing by the morc rapid method of a meas
urement of volu me. .Metal or stro ng card board boxes 
are cut dO\vn until they w ill jus t contain the requ ired 
we ight o r su b-m ul tiple o f the weight of substance when 
fi ll ed level w ith the sides. 

After one o r two prelim inary tr ial s it is poss ible to 
paint two lines on the outs ide of a bottle so th at , 
having fi lled the bottle to t he first mark wi t h water, 
the correct a mount of substance wi ll have been added 
when the water has risen to the second rnark. 

The use of a hydrometer a lso d ispenses wi th the 
necessity for w e ighing . A concentrated so luti on of the 
salt is d ilu ted continu ously wi th constan t stirring until 
the reading on the hydrometer corresponds with that 
given in the form ula or with the readi ng prev iously 
determin ed with a solution accurately prepa red by 
weight and tested at the same temperature. 
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large enough to contain the total volume of the 
bath is half or two-thirds filled with freshly
boiled warm water, into which the substances 
a re introduced 1 in the prescribed order with 
constant stirring, taking care that each substance 
is fully dissolved before the next is added . 
After the complete sol ution of all the con
stituents, the bottle is fill ed with boiled water 
and, if necessary, the solution filtered or 
decanted off. 

F or the preparation of baths in large quanti
ties, the work is carried out in a large vessel or 
tank, in which the final volume is adjusted 

F IG. 16! 

CONTA I NERS FOR STOC K SO LU TIONS 

either to a ma rk on the inside of one of the walls 
or to a notch on the handle of a wooden stirrer 
placed in contact with the bottom. Having 
introduced a certain quantity of water, the 
substances, contained in a linen net fixed on a 
wooden frame, are successively dissolved by 
sprinkling them with water. When all the 
constituents are dissolved , the level is brought 
up to the mark by the addition of the requisite 
amount of wate r. 

277. Filtration. Filtration through paper is 
usually much slower and more cos tly than 
through either fabric or absorbent pads. The 
process is best carried out in a wide funnel 
(cone 60°) with a cylindrical stem, which is 

1 Never pour water o n to a powdered a nhydrous 
salt as this in becoming superficially hydrated is 
covered with a compact cru st , dissolution then being 
extrcluely s low. To dissolve such products (such as 
sodium sul phite and carbonate) qu ickly, throw thetn 
into the water a little at a time with constant stirring. 

plugged with a piece of cotton wool or a lightly 
compressed piece of sponge, or, alternative ly , 
the cone of the funnel may be fitted with a 
flannel or chamois leather bag. The three last
mentioned materials may be used repeatedly, 
if washed in running water and set t o dry 1 

immediately after each filt ration. 
With large bulks of liquid , filtrati on is usually 

done through felt pads, each pad being kept for 
a special solution. In such cases, however, it 
is often preferable to stand the solu t ion in a 
reservoir wi th a tap fitted at a little distance 
from the bottom. After the solution has cleared 
by sedimentation the top layer is drawn off, 
and it is then only necessary to filter the 
small quantity at the bottom, which con
tains the sedimen t and any surface scum . 
The decantation may also be carried out by a 
syphon . 

278. Stock Solutions. Stock solu t ions may 
be used with advantage for a ll substances which 
are as stable in solution as in the dry state, 
and which are constantly being used in small 
quantities a t a time. Weighing is then replaced 
by a measurement of volume, calcula ted from 
the concentration of the solution. 

It has often been proposed to use saturated 
solutions for stock solutions, but their concen
tration, alth ough well defin ed if maintained at 
a constant temperature, is liab le to considerable 
variations. The salt, which crystallizes out on 
cooling, is often deposited in a difficu lt ly sol ub le 
mass, so that when the temperature rises 
again the solution is no longer saturated . 
All concentrations which exceed the satur
ation value at 40° F., the lowest temper
ature usua lly reached in any commercial 
establishment , even during the interruption 
of work a t the week-end, should therefore be 
avoided in the preparation of stock solutions. 

Stock solutions may also be prepared for 
unstable substances, but sufficient only for one 
week should be made up, bearing in mind the 
fact that concentrated solutions keep much 
better than dilute solution (this is the case 
wi th sulph ite of soda and sod ium sulphide). 

To avoid the necessity of ha ndling a la rge 
bottle when only a small quanti ty of liquid is 
required, the stock solutions may be stored in 

1 If, owing to the lack o f a filte r stand , t he s tem of 
the funnel is inserted into the neck o f a bottl e, ai r must 
be allow ed to escape from th e b ottle b y placing a piece 
of string or twisted paper betwcc n the stem and the 
inside of the neck. Thc fl ow is always morc regula r if 
th e end o f the funnel stem is bevelled: this can easily 
be done o n an ord inary grindstone. 
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bottles fitted with either a glass tube outlet at 
the bot tom or a piece of glass tubing, which, 
after passing the neck of the bottle, is bent 
round to form a syphon (see Figs. r62 and r63). 
In either case, the outlet is connected to a glass 
jet by means of a length of rubber tubing, which 
is closed by a spring clip or by the insertion of 
a glass bead . In the latter method, the liquid 
is delivered by pinching the rubber tubing round 
the bead. 1 

When baths are prepared immediately before 
use by the admixture of stock solutions, insuffi
cient care is often taken to secure a perfectly 
homogeneous mixture. This cannot be obtained 
merely by pouring out the solutions (which have 
been measured together in a graduated measure) 
into another receptacle, for the mutual penetra
tion of many solutions is much slower than is 
often realized. The mixing should be carried 
out in a measure wh ich is closed securely with 

1 It has been proposed to store stock solutio ns of 
developers under the same conditions as those used 
for stable substances , at the same time covering 
the s urface of the developer with a layer of oi l , or 
connec ti ng the air space above the liqu id to a source of 
gas which is unreactive, such as to the ordinary gas 
mains. These practices are not to be reco mmended, 
for they usuall y lead at so me t ime or another to annoy
ing acc idents. The a ir inlet at the top of the bottle 
shou ld be covered with an indiarubber cap when the 
solu tions arc no t being withdrawn . 

• 

the palm of the hand, and then inverted several 
t imes, or the liquict decanted several times from 
one container to another. 

279. Commercial Preparations. A large num
ber of preparations in various forms have been 
Dut on the market to relieve amateurs of the • 
necessity of weighing the various chemicals for 
the solutions-

(a) Solutions ready for use, or concentrated 
solutions to be diluted with water as directed. 

(b) Dry powders contained in boxes, sealed 
or stoppered bottles and tubes, and wax-paper 
packets. 

(e) Compressed tablets, to be crushed between 
clean paper before introduction in to the volume 
of water indicated. 

(d) H omogeneous pastes, prepared by mix
ture with glycerine or dextrine soluti ons, de
live red from flexible metal tubes simi lar to those 
employed for tooth pastes. A definite length 
of the paste corresponds with a certain volume 
of the particular bath (G uillemot, 1900). 

(e) Paper ruled off in to squares and impreg
nated on both sides, each "qua re corresponding 
wi th a certai n vol ume of the bath (Ziegler, r 90r). 

Owing to the diversity of the formu lae used 
in these preparat ions, the only adv ice which can 
be given is to adhere st rict ly in each case to the 
accompanying inst ructions. 



CHAPTER XXIll 

HANDLING OF SENSITI VE MATEJUALS 

LOADING AN D UNLOADING OF DAll.K SLIDES ; RE PACKING 

280. Storage of Sensitive Materials. Sensitive 
materials should be stored in a dry place of 
moderate temperature. where t hey cannot be 
reached by any gases and em anations from 
volatile products. They should especially be 
protected from hydrogen sulphide (cesspools, 
or any work where sulphides are in use) and 
the impurities from acety lene. As we have 
already emphasized, the dark-room and the 
places reserved for the preparation of the baths 
and the storage of stock chemicals are not at 
a ll suitable for the s torage of sensitive plates, 
films, 2nd papers. 

In an establishment of any size, the boxes 
should be stored on their sides in cupboards, or 
on the racks a llocated for this purpose, so as t o 
avoid any possible damage to the packings, 
caused by the boxes being piled one upon the 
other. The diffe rent t ypes of materials should 
be classified according to the emulsion number. 

Moisture, which rapid ly passes through the 
ordinary packing materials, lowers the sensi
tivity quite appreciably 1, and, if the humidity 
is high, may cause the surfaces in contact to 
adhere. H eat a nd the majority of chemica l 
products cause fog, which is always greater with 
the more rapid emulsions. 

Even under perfect conditions sensitive 
materials undergo a more or less rapid change, 
which is usually more marked with films. Th e 
edges become fogged , and, as ageing proceeds, 
the fog band becomes broader. 2 At the same 
time, development takes longer, and it is no 

1 T o protect t he emulsions from mois ture it has been 
suggested that the sensitive layer should be covered 
with a fatty acid , w hich can be removed in the developer 
hy the saponi fying actio n of t he alkali . A somewhat 
similar method has been used by spies especially, in 
which t he plat es are covered with a coating of g rease or 
varnish, development being impossible if th e operator 
docs not know that the impermeab le s uperficia l coating 
must be removed. 

2 Marginal fog usually occurs only on plates which 
mark the edge o f the emulsion coating during manu ·· 
facture and not on the edges of plates formed by cutt ing 
the larger ones which are coated in the works. T he defect 
appears to be du e t o a wandering to,vards the ce ntral 
parts, d urin g drying of the em ul s ion, of potassiulll 
brom id e added as a preservative (B . H omolka, J 905 ). 
Thu s it does not occur o n fi lms, the margins o f which 
are c ut away in course o f manufacture. 

longer possible to obta in the same contras t 
from the emulsion as when fresh . The colour
sensitivity is also affec ted , the red-sensitivity 
being lowered much more rapidly than the 
blue. 

281. In tropical coun tries, the warm and very 
humid atmosphere t ends to produce a rapid 
change in the emulsions. R oll film spools ex
ported t o these regions are usually wrapped 
singly in lead foil and packed in air-tight car
tridges. Since it would be difficult to give this 
individua l protection to fiat sensi tive materia ls, 
t hese a re often placed in wooden boxes, lin ed on 
th e inside with zinc foil , and seclllely soldered; 
in this case the protection ceases immediately 
the box is opened. 1 Paper , which has been 
rendered impermeable (e.g. by paraffin wax) 
m ay be used as a separate outside wrapper for 
each box, and well-made metal boxes sealed 
with adhesive tape are very serviceable both 
for the transpor t of unexposed emulsions and 
for the storage of opened packets and exposed 
pla tes awai ting development. A very efficient 
method of preservation is by means of a strong 
air-tight wooden box (in terior and lid lined with 
a thickness of zinc) , the lid of which is firmly 
held down by bolts or clasps on t o a thick laye r 
of indiarubber. The inside is fill ed with 
old newspapers t horoughly d ried in the sun. 
Well-dried newspapers form an excellen t d rying 
agent, but they must be re-dried every ti me the 
box is opened. 2 

282. Handling of Materials. T he order of usc 
of the m aterials in each different c lass should 
be decided by the age of the material ; in this 

1 I t should be pointed o ut t hat thi s type of pack ing. 
instead of protecting the plates, may accelerate the 
change if the soldering is done during vcry dam p 
weathcr owinO" to the fact that the I)acket s have , " 
absorbed an appreciabl e quantity of moistu re. 

21Vlore complete desiccation may be obtained by 
using calcium chloride treated in the foll owi ng manner 
(J . 1. Crabtree. 1924) : Pieces of pumice or a sbestos are 
impregnated with a saturated solution o f calc l1l ll1 
chloride, and then dried on a fl at sheet of iron placed 
on a fi re. Fxcell ent results can al so be obtaillC'd with 
calcium sulphate dried at a te mperature no t exceeding 
200 0 C. It has bee n noticed that too compl e te drying 
of cinematograph and roll fi lm s increases the ri sk o f 
the formation of markings (§ 24 2) . 

188 
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manner ageing of plates and films in stock is 
avoided. 

The boxes should be opened neatly and put 
aside toge ther with the black paper wrappings 
for future use in the packing and classifying of 
the finished negatives or for re-packing the 
exposed but undeveloped plates and fi lm . The 
instructions should also be kept for future 
reference, in case it should be necessary t o look 
up any special direc tions for that particular 
type of emulsion. 

Opened packets should only be stored in the 
dark-room if they are to be used without delay; 
if not , they should be placed in s tock, having 
first secured the packet with gummed paper, 
or at least with a s trong rubber band . It is 
well to seal up the box with a label indicating 
the number of unexposed plates or films and 
the date on which the box was opened . 

In an opened packet do not a llow the face of 
a pla te, film, or piece of sensitive paper to come 
in to contact with the wrapping paper. Alth ough 
certain specially-prepared or treated papers, 
such as those used inside roll film s, film packs, 
and for the individual packing of X-ray plates 
and film s, are without effect on th e emulsion, 
it is often found that after prolonged contact 
with an ordinary paper, such as that used round 
plates and !; Ims, the structure of the paper 
appears on the image after development. 

283. Loading Plate Holders. Plate holders or 
dark slides should always be loaded in weak, 
non-act inic light,l and preferably in absolute 
darkness. 2 It is desirable to practise filling the 
plate holders first in full dayl igh t, using waste 
negatives for this purpose, and then, having 
become familiar with the operation , to get 
accustomed to working in complete darkness. 3 

1 In a dark-room where the light canno t be put out 
nor turned down , the operator should stand in s uch a 
pos ition that the sensitive material s are handl ed in 
the shadow of his body. 

2 Although it is not des irab le tha t tobacco ash sho uld 
be allowed to fall on plates o r films at any time during 
the ir manipulation, there is no risk whatever of veiling 
or fogging from the light of a cigarette, however sens itive 
the emulsion may be. The use of a pipe provided with 
a perforated cover, which may be co mple tely cl osed, 
may be regard ed by those who smoke as an unneces
sary precaution. 

, By m eans o f a changing-bag, dark slides or plate 
holders may be loaded in full daylight when the operato r 
has become expert in loading in darkness . This is a 
bag made of several th icknesses of opaque fabri c pro~ 
v idcd with two slceves, through which the arm s arc 
inserted. The ends of these s leeves are held tig htly 
in place o n the arms by elastic bands, and t.he s leeves 
of the coat are turned down over them to form light
tight shields. An opening, closed by two flaps of fabric 

Sensitive materials should always be held by 
t he edges. At the most the fingers should only 
come in to contact with either the face or back 
of a plate or film to the extent of abou t three
sixteenths of an inch from the edge in large sizes. 
Wherever the fingers touch the emulsion, even 
when they seem quite clean and dry , a minute 
quanti ty of greasy matter is deposited on the 
gela tine. This prevents the developer from 
penetrating the film, and produces a light finger
mark on a dark ground in the developed image . 1 

Similar marks are sometimes found on a plate 
or fi lm which has been packed with its sensitive 
surface in contact with the back of a plate on 
which there are fin ger-marks. For this reason, 
when plates are re-packed a fter exposure, they 
should a lways be placed face to face. 

In order to use sti ff cut-film in dark-slides for 
plates it is possible, in small and med ium sizes, 
to slip the hIm into a film holder securing it on 
three sides. This arrangement does not ensure 
the necessary flatness with fi lms of large a nd 
very large sizes, and these are held with their 
back in contact with a rigid support (glass or 
sheet metal) coated with an adhesive varnish 
containing vinyl resins (lVl. Hagedorn and A. 
jung, 1931) or rubber; if req uired, the film can 
be left on th is support during development a nd 
furthe r processing. The use of a blackened 
support can, in some measu re, act as an anti 
ha la tion protective . 

Except in special cases, t he sensitive surface 
of a plate or film should always be turned 
towards the outside when filling a dark slide. 
Autochrome and similar plates are, of course, 
exceptions, as are also p lates in tentionally 
reversed in the plate-holder for the purpose of 
obtaining reversed negatives. In such cases it 
is necessary to adj ust the camera extension 
when focussing to allow for the thickness of the 
glass. 

A lthough plates are always packed in a 
uniform manner, uncertai nty may occasionally 
arise with regard to which is the sensitive side. 
In order to ascertain this, a corner may be 
held by snap-fasteners, enables the operator to inse rt 
the plate holders , the box of plates , and a n empty box 
for tlte exposed plates, when these a re too large t o be 
inser ted through the sleeves of the chan ging bag. 
\\' hen absolutely necessary, and prov ided that a dark 
place can be found, plate holders may be loaded und er 
an overcoat, the arms bei ng in ~ e rted through the sleeves 
from the wrists . 

1 Dark flll ger marks on a light ground are the result 
of the emu l::;io n havi ng uecn touched by fingers im preg
nated w ith various che micals , notably hyposulphite o[ 
soda . 
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touched cautiously, care being taken to touch 
the surface as near the edge as possible. The 
glass is smoother and feels colder than the 
emulsion. If still in doubt, moisten the thumb 
and first finger slightly and hold the corner of 
the plate between them. The sensitive emulsion 
will stick to the finger; the glass will not 1 Since 
cut films are coated with gelatine on the rear 
side, these methods for recognizing the emulsion 
side cannot be adopted with them. In order t o 
obtain the correct position, both during loading 
and dish development, a guiding mark is cut in 
one of the edges, so that wh en the film is held 
in such a position that the V-shaped cut is on 
the right at the top, the emulsion side of the 
film is then towards the operator. 

Before loading is begun, the plate holders, 
which retain dust very easily , should be carefully 
cleaned. 

The different types of pla te holders and 
changing boxes vary considerably in the method 
of loading, so that in each case the instructions 
of the maker or the dealer should be consulted. 2 

If the sheaths are fitted into the changing box 
in the wrong manner, they may jam or be 
damaged. The direc tion in which they a re 
inserted, i.e. the position of the groove of the 
sheath relatively to the handle of the drawer, 
varies with different changing boxes. 3 

Often, when fitting a plate with sharp edges 
into a plate holder or metal dark slide, small 
pieces of glass are broken off. Loading should 
therefore never be carried out over the open 
box, or over plate holders which have already 
been filled. As the plate holders are loaded, 
place them with their faces towards the wall to 
protect them from light and dust. 

284. Dusting the Sensitive Surfaces. Wi th 
very few exceptions, the emu lsion surface of 
plates and film s is perfect ly clean when pur
chased, for every precaution has been taken to 

1 These statemen ts may be incorrect in the case of 
pl ates on the bac k of whic h t here is an anti-halation 
coating with a gelatine base. 

, The fact that roll film spools may be loaded in 
dayl ight does not imply that it is necessary fo r this 
purpose to choose a well ligh ted p lace ; s ti ll less a place 
where direct s unlight may r each the film. The paper 
wrapper sho uld o n no account be allow ed to unroll 
loosely so that the light can penetrate in to the sensit ive 
surface. \'1hen load ing fi lm packs, care shou ld be taken 
to avoid pressi ng the black paper sl ide or squeez ing 
th e pack frolll op posite s ides , for, owing to the fl exibility 
o f the case, light may easily e nte r. 

3 Do no t omit, after load ing the changing box, to se t 
t he ind icator so that. after closing the box, the indicator 
reads " 0 .. (lor no plates exposed) or " I " (firs t pl a t e 
in position for exposure). 

this end in the factory, where the struggle 
against dust is often carried to greater extremes 
than in many surgical operat ing theatres, since 
only filtered a ir is allowed to enter the factory. 

After development, however, a number of 
white spots (pinholes) are often found on the 
negative, each of which marks the shadow of a 
grain of dust which was present before exposure. 
In professional work these markings have to be 
carefully spotted out. 

These dust particles are more frequent ly found 
on very fast plates, the surface of which is more 
matt than that of the slow emulsions and th ere
fore much more liable to retain any dust which 
comes into contact with it. 

The doubtful cleanliness of some dark-rooms, 
the use of fluffy paper for packing plates, chips 
of varnish, the fragments of glass produced 
in the loading of the dark slide or plate-holder, 
and the a ir eddies produced in a changing box 
by each operation of the drawer are sufficient 
to explain the presence of these dust particles, 
which are rarely found on roll films. 

Attempts are often made to prevent these 
pinholes from forming by d usti ng the face of 
the plate before its insertion into the dark slide 
or sheath. These precautions, however, often 
make matters worse, especially if a hair brush 
or a velvet pad, which has been left lying about 
the room and is consequently full of dust, is 
used for the dusting. 

The most effective method for preventing 
pinholes is to clean the dark-room, the plate
holders, and the changing-box very frequent ly, 
preferably with a vacuum cleaner, and also to 
follow closely the instructions given above fo r the 
loading of the plates. Where it is not possible 
to get rid of dust in this way, then a brush 
should be used, but it should be kept in a 
smooth-walled box when not in use and should 
be frequently cleaned by shaking and washing in 
alcohol. 1 

In any case, replace the slide of the holder 
very gently, holding the clark slide wi th the 
plate underneath, so that any dust on it is able 
to fall away. 

285. Unloading the Dark Slides. If it is not 
possible to proceed with development as the 
plates are removed from the dark slides 2, t hey 

1 F or detach ing t he du st which has adh ered to pi ales 
during the load ing of a plate-ho lder or varni shcc.1 me tal 
dark s lide. i t is often sufficient t o rap the ho lders 
smartl y on the table. 

2 If develop me nt is carried out in vert ical tan ks with 
hangers, the handling of the sensiti ve materials can 
be reci q.ced to a minimum if they arc transferred to the 
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must be replaced in their origin al wrapping. I 
Pla tes and fi lms should be packed face to face , 
and the packets should be firml y pressed down 
so as to prevent the emulsion faces from rubbing 
one against the other. Remember that the use 
of a ll common papers, wi th or without writing 
or printing, is liable to cause various defects 
(§ zoo) . The boxes should be sealed with a label 
stating explicitly that it contains exposed 
plates. 2 

When unloading dark-slides or t he sheaths of 
a changing-box , avoid any contact wi th the 
emulsified surface and any rubbing of the glass 
edges against the rear part ition as this might 
scra tch th e black varnish'" 

286. Identification of Negatives. In all cases 
where a large number of negatives are dealt 
wi th, or where it is required to determine the 
effect of certain alterations in treatment on a 
number of negatives of the same subj ect , it is 
necessary to adopt a scheme of identification 
which will permit of no mista ke. 

The simplest method is t o write a number 
with a soft pencil' (No. I or B) in one of the 

hangers immed iately on removal fro m the dark slide . 
T he already loaded hangers may then be stored in a 
cardboard or wooden box of s im ilar shape to t he tank 
and fi t t ed wit h a light-t ight lid. 

1 I n tropical reg ions, particularly if fi lm s are be ing 
lI sed, the sensitive materials sho uld be dried be fo re 
rcpacking in order to prevent retrogress ion (i.c. fad
ing) o f the latent image, a pheno menon caused by the 
s imultaneo us action of heat a nd moisture. For this 
p urpose the sens itive materials (long ro lls o f film sho uld 
be wound into loose spira ls) are placed in an a ir-t ight 
box fit ted wi t h a d ouble bot tom con taini ng p umice or 
asbestos, which has been impregnated with saturated 
solution of calcium chloride and dried ov er a fi re . 
After leaving them fo r a day in t h is dry a tmosphere 
the sensitive materials may then be repacked , and the 
packets, which have been dried also, are then cnclosed 
in soldered or air-t ight boxes. 

:2 Certain plate boxes have a memorandum prin ted 
on the back w here many useful notes may be made, 
c.g. a record of the various subjects photograph ed. 

:) In some cases when the ai r was e xceptio nally dry, 
it was noted when unl oadi ng the sheath s o f a changing
box that a b lui sh l ight occurred a t the momcnt tha t the 
bare g lass back of t he plate parted from the markedly 
a rched back of t he sheath , t he lig ht being the b r ig hter 
the more rap id ly t he plate was pu ll ed out of its sheath . 
Starti ng from the edge where the e lectri ca l di scharge 
began, these p lates had a shad ed fog extending for a 
d istance o f 4 CIll. (J. Boillot, 1933)· 

4 Never usc copy ing ink penci ls, otherwise the 
inscriptions may either become d iscolo ured du ring the 
various treatments or may sp read on to the image. 

corners of th e pla te, taking care not to encroach 
on the picture par t of the pla te. If th e inscrip
tion can be made during loading (where there 
are only a few negatives to identify) the pencil 
mark protects the emulsion from the action of 
light, so that after development the number 
appears light on a dark ground, even after th e 
original pencil mark has been removed. If 
the inscript ion cann ot be made un ti l after the 
exposure, the number corresponding to the 
customer's orde r (in port rait studios and busi
nesses catering fo r amateurs) or similar in
cript ions should be made with a semi-hard 
pencil (No. z or F), so as to scra tch th e gela tine. 

Various a rrangements have been devised 
which will give each negat~ve a permanent or 
provisional number more or less automatically, 
viz., (1) in a port rait studio, a number plate or 
a slate, with the number corresponding to the 
customer's order written upon it in chalk, can 
be placed in such a position tha t the image will 
appear in one of the corners of the negative ; 
(z) one of the fixed holding pieces in each dark 
slide may be replaced by a metal pla te perfor
a ted with the required figures; (3) the rebate of 
the sheath of a changing box may be notched 
or perforated on one of its longer sides, and, if 
necessary, a further mark, denot ing the partiClI
lar changing box, may be perforated in the 
shorter side. 

In the developing and print ing firm s of any 
size,l the small length of film which extends 
beyond the las t exposure is often used to record 
photograph ically the number of t he order. Th e 
numbered receipt, made of very t hin paper, is 
inserted , together wi th the end of the film, into 
a specially constructed printer, in which they 
are pressed tightly together b y a shutter which 
automatically turns on the light used for the 
exposure as it is brought in to posit ion . The 
number may a lso be impressed on the film in 
greasy ink by means of a numbering machine. 
Finally , the method usually employed in cine
matography could be employed , the films and 
order form being perforated with the required 
number by means of a machine similar to th at 
used in banks for indicating the amount of a 
cheque. 

1 Special clips fo r d evelopment may be obtained, 
the tops of which are made to receive a numbered 
card . 

• 
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LIGHTI NG OF THE SUBJ ECT; D AYLI GHT; ARTIFICIAL LI GHT 

287. Daylight. Daylight is not only of a very 
variable intensit y, according to the geographical 
position, the season, time of day, and the 
atmospheric conditions, but its compositi on also 
varies over very wide limi ts, although it is 
always convent ionally called" white light." 

When referring to daylight, it is necessary to 
dis tinguish between direct sunlight and the 
light diff used by the blue or clouded sky. 

On a clear day, the ligh t consists almost 
exclusively of direct sunlight . A comparison 
of the in tensity of illumination of a whi te surface 
exposed to direct sunlight and of a shadow 
thrown on this surface , in which case the 
shadow is illuminated only by the ligh t diff used 
from t he sky , shows that diffused ligh t repre
sents only about 5 per cent of the t otal light. 
This proportion increases as the sky becomes 
more clouded, until, when it is completely 
overcast , there is nothing but diffused ligh t. 
Setting aside the effect of cont rast, shadows are 
better lighted as the sky becomes less clear, that 
is, as the diffused light increases. In fact, the 
luminosity of the sky increases with t he cloudi
ness a nd, in the case of large sunli t cumulus, 
can be as much as eight times the luminosity 
of ordinary blue sky . If, however, t he sky 
becomes so cloudy that rain is imminent , then 
the luminosity diminishes, being approximate ly 
equal t o that of blue sky . 

288. Leaving as ide for a moment the effec t 
of atmospheric conditions, the intensity of 
sunlight depends essentially on the height of the 
sun above the horizon. Thus, in two widely 
separated places (a tropical and a temperate 
region), the light will have the same value a t 
those times when the height of sun above the 
horizon is t he same. 1 Thus, a t Algiers on 15th 
J anuary or 1st December, at 9.20 a.m. or 
2-40 p .m. (local t ime), the in tensity of sunl ight 
will be the same as in P aris on the same days at 
11.30 a.m . and at 12.30 p .m ., or on 15th June 

1 Var ious empirical formulae con necting the inten
sity of light with t he height of the s un have b8cn 
proposed but none have furnished sati s factory results . 

-
H eight of su n • , • 64° 30° 
V isual intens ity • • • 5,600 4,700 
Acti nic intens ity . • • 1 20,000 72 , 000 

at 6.20 a. m. and 5-40 p.m ., for in all these cases 
the sun is 20° above the horizon. 

The variat ions in intensity of the different 
groups of radiat ions consti tuting sunlight are 
not proportional. T he rat io of the intensity of 
the v iolet radiat ions (i.e. the act ive intensity 
fo r ordinary photographic plates) to the in
tensity of the green rad iations (i.e. the visual 
in tensi ty) is much greater duri ng the middle 
hours of the day than in either the morni ng or 
evening, when the sun becomes richer in red 
radiat ions as it sinks towards the horizon . While 
the visual intensity of sunligh t 1 is usually 
greater in the afte rnoon than in the morning, 
ye t, a t equal t imes before and after mi dday the 
act inic intensities are approximately eq ua l. As 
already stated (§ 220) t hese disproportio ns arc 
even more marked as regards the intensity of the 
in Era-red radia tions tha t are photographically 
acti ve. 

At eq ual intensities, di ff used light is always 
richer in viole t radiat ions than direct sunlight , 
and the ratio increases as the sky becomes 
clearer. As the sun rises h igher above t he 
horizon , however, the composition of di ff used 
light t ends to approach that of sunlight. 2 

The chief conclusion to be d rawn from these 
considerations is that, owing to the dispropor
tionali ty between the visual and act inic in ten
sities of ligh t, any attempts to judge the act in ic 
val ue merely from the v isual intensity may be 
very misleading. 

When considering, however , the action of 

1 l\Iore for curios ity than for any practical applica
tion , w e reproduce below, from the work carri ed out by 
\\'. A b ney (r 875), the val ues of the visual intensity 
and actinic intens ity relative to the 1 ight g iven by a 
cand le , a source which is obviolls ly v ery poor in 
photographically active rad iati ons. 

2 Apart from meteorologica l considerations , it is 
necessary to take into accoun t the v ery appreciable 
loss of inte ns ity due to the smoke over crowded areas , 
industrial towns, and those suburbs ly ing in the direc· 
tio n of the wind froIn the towns. I t has been shown , 
for instance, that the l ight- intensity to the cast a ne! 
south·east at 7 Inites from Paris falls T.5 to 25 per cent 
when the wind blows in that direct ion . 

20° 10° 8 ' 30 ' Su nset 
3.300 2,000 J ,400 14 0 candle metres 

4 2 ,000 9,000 5,600 I . 7 
" " 

• 

• 
• 
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light on orthochromatic plates instead of ordi
nary plates, this disproportionality is markedly 
less. 

The intensity of the light from the moon is 
about 1/600,000th of that from t he sun , assuming 
the two bodies to be at the same height above 
the horizon. 1 

289. In landscape photography, the only 
con trol the photographer Ilas over the distribu
t ion of lighting is the choice of th e most suitab le 
moment for the exposure. This is done with 
due regard to the angle of the direct sunlight 
(t ime of day), and to the best proportions of 
diffused and direct light (choice of atmospheric 
condi tions) . 

In port rait and still-life photography , various 
means of control, particularly in a well-fitted 

be stated in passing that at the time photo
graphy was first practised, when exposures, 
even in the most favourable cases, were counted 
in minutes, as much light as possible was 
admitted into the studios, with entire disregard 
of light and shade, by constructing them entirely 
of glass I Owing to the considerable progress 
which has been made in the manufacture of 
sensiti ve materials and photograph ic lenses, it is 
possible nowadays to use a n arti st's studio, or 
even an ordinary room. The modelling in a 
face is much bet ter rendered if the subject is 
illuminated only by a sma ll a rea of glass window. 

290. Artificial Light Sources. The three fac
tors to be considered in an arti fIcial lighting 
in stallation for photography are quantity, 
quality, and the degree of diffus ion . 

Proportio n per cent Re lat ive efficiency 
o f the radiations towards em ul sions 

Source of l ight 

I{rd 

-

S un • • • • • • • 3.3"3 
Petrol ft arne • • • • • 80 
Acetyle ne flame • • • • • 62 

Incand esce nt gas mantle · · • 54 
Low vo ltage arc , ordinary carbon • • 50 
High . , " 

(enclosed ) • · • 60 
\Vhite flame carbon arc • • • 40 

E lectric Carbon fi lament • • • 65 
Tungste n vacuum 6 1 

lamps • • 

Tungsten gas-filled . 50 • • 

Merc ury arc, g lass tubes • • • nil 

studio, are available. A large variety of effec ts, 
particularly with the aid of artificial lighting, 
may be obtained, by means of opaque blinds, 
diffusers of semi-transparent fabrics in the form 
of blinds or stretched over movable fram es, and 
refl ec tors made of white opaque materials. A 
detailed description of the arrangements in a 
port rait studio can be readily obtained. 2 It may 

I Photographs taken w ith t imes o f exposure in
versely proportio nal to the intensity of the light would 
usually g ive s imila r resu lts . W hen, h ow ever , photo
g raphs are taken in moonlight, it is generally desi red 
to reproduce the special qualities of thi s lighti ng 
(absence of d e tail s in t he shadows), so that it is su fficient 
to give an exposure about 100,000 times as great as 
that in sunlight , v iz. about fiftcen min utes at F I8 on 
a rapid emuls ion (the same effects can often be obtain ed 
in dayli ght by giving an extremely short time o f expos
ure) . The moo n , of co urse, sho uJdbe kept out o f the 
pictll re owi ng to its movement during the prolonged 
exposure . 

' H erber t Lamber t, Studio Portrait Lighting (S ir 
I saac Pitman & Sons, Ltd., 1936) . 

13- (1'.5630) 

• Blue· Or tho- Pan-Green Orc! i nary vio let chromati c ch romatic 

• 

33'3 33'3 100 100 100 
18 0 18 28 42 -
3 2 6 30 44 52 
38 8 - - -
32 18 12" .) 110 105 
25 15 ' 75 175 165 
35 25 25-.) 235 2 15 
30 5 24 33 43 
32 7 35 43 52 
30 20 60 65 73 
10 90 3 10 350 270 

Quality depends essentially on the nature of 
the illuminant body. When this is a solid (par
ticles of carbon in an illuminant flame, metal 
filament , cra ter of an are, etc.) the spectrum of 
the emitted ligh t comprises all the radiations in 
a wide interval (continuous spect rum). Com
pared with sunligh t there is always a pre
dominance of in fra-red and red, the extent of 
the spectrum and its intensity in blue-violet 
and especially in ultra-violet being all the less, 
as the temperature of the incandescent body 
becomes lower. 2 

1 To permit the sitter to remain with open eyes 
facing the sun during an exposure. of about a quarter 
o f an hou r, use was made about 1849 of blue g lass fo r 
glazing the studios of portrait photographers . The use 
of such g lass is no longer justi fi eci . 

2 The q uality o f a light sou rce wi th a contin uous 
sp ectrum is often in dicated by its colour temperature , 
the temperature of an ideal radiator (black body) 
which would e mit a radiation of the same visual com
p osition, the said te mperature being expressed in 
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As a rule , a much larger part of such an 
artificial light is effec tive if the photographs are 
taken on or thochromat ic or, better, on pan
chromat ic plates or fi lms (§z I6 2 , footnote) . 

When the lumi nous body is a gas or a vapour 
made incandescent by heating to a very high 
temperature (the true electric arc) or rendered 
luminous by elec trical discharges, the spectrum 
of the emitted light is discontinuous. iVIono
atomic (mercury, sodium, neon, helium, etc.) 
gases or vapours thus give a line spect rum on 
wh ich in certain conditions (high pressure, high 
temperature) may be superposed a continuous 
spect rum, the other gases (hydrogen, carbonic 
gas, etc.) emitting a band spect rum. 

The table on page 193, the data of which has 
been taken from various papers by H ilbl, I ves , 
J ones, H odgson, and Huse (1913 to 1916), shows 
the approximate compositions of various light
sources relative to sunlight, which is taken as 
the standard for comparison (on the assumption 
that sunlight may be divided into three equal 
parts of red, green, and blue-violet, the partial 
intensities in each case being brought to a total 
of 1 00) . Their relative efficiency towards three 
types of sensitive emulsions is a lso given, and 
for this purpose the value of 1 00 is arb itrarily 
assigned to sunlight, the efficiency of the other 
sources being measured for equ.al visu.al inten
sity . 1 

Lamps usually cast light in a ll directions, so 
that their efficiency is notably increased by 
reflectors bringing back to the subj ect the light 
emitted in other directions. When high in tensity 
lamps are used fo r living subj ects they must be 
fitted with diffu sers preventing dazzle. From 
t hese various points of view the effIciency of a 
lamp can be of very different values according 
to the apparatus in which it is used 2 

With the exception of the light obtained by 

a bsolute or Kelvi n degrees (Centigrade temperature 
increased by 273°)· 

In a ll cases w here the spectru m o f a source is con ~ 
tinu ous, a flIter can be made, which, when placed in the 
path of a beam of natural light, will transmit light of the 
same composition ; inversely, a suitable filter can be 
prepared which will a lter t he composition of artificial 
light to t hat of natural light. These correction s generally 
lead to a considerable loss of light. 

1 No account has been taken of ultra-violet rad ia
tio ns, even in the reg ion transm itted by glass. 

2 \¥hen worki ng w ith artificial day li ght, the back
ground is usuall y very muc h farther from the lamp s 
t ha n the subj ect. II the backgrou nd is not lit by 
a uxiliary lamps, it mu st be chosen of very li ght tint 
to avoid exaggerati ng the in fluence of the law of the 
square of distances (§ 13)· 

the combustion of magnesi um , wh ich we shall 
study later, we have only, from the poi nt of 
view of practical appl ication, t o deal with the 
various forms of electric lighting. 

291. Arc Lamps. Th e arc lamp has for some 
t ime been the only luminous source from wh ich 
high intensities can be obtained, under advan
tangeous conditions with regard to the consump
t ion of energy.' When used for the lighting of 
photographic subjects th is source in troduces 
the defec t which is common to a ll point-sources. 
The shadows are so sharply defin ed, wi th no 
penumbra, that it is very difficult to obtain a 
good rendering of t he form of the subj ect. To 
avoid this i t is often necessary to poin t the arc 
away from the model and to use the refl ec ted 
light from an adjustable diffuser, often in the 
shape of a large umbrella. 

Since the introduction of the luminous tubes 
called mercury arcs , and the great improvements 
which have been made in the manufacture of 
incandescent lamps, arc lamps are much less 
used in por trait photography but st ill find 
employment in cinematograph a nd process 
studios, more particularly for wet-collodion 
photography. As these applicat ions lie outside 
the scope of th is book, we shall not attem pt to 
describe the various types of arc lamps." In 
the use of alternating or rectified curren t, the 
alterna tions of light and dark (two extinctions 
per" period" of the current), give r ise to alter
nating bands of different density when exposure 
is made with a focal-plane shutter; in cine
matography the effect may be insuriicien t 
exposure of some pictures. 

292. Incandescent Lamps. The first notable 
use of the incandescent lamp for the illumination 
of sitters and originals to be photographed date., 
from 1913, when 1. Langmuir first made lamps 
with a t ungsten filam ent enclosed in an atmo
sphere of inert gas. In these half-watt (o r gas
filled lamps), as they are called, the pressure 
exerted by the gas retards the volat ilization of 
the metal, making it possible for very h igh 

1 Light of very different qu a lity may be obta ined , 
when employing are lamps burning freely in the air, by 
the use o f different carbons, according to th e natu re 
of the metallic salt with whi ch the co res o f the carbons 
are impregnated . Whitish or y ell ow-flame carbons arc 
the most efficient for exposures on pan chromati c plates. 

2 A modification of the electric arc call be used in 
two ways to obtain the instantaneo us ill uminatio n em
ployed in the s tud y of ext remely rapid motion (p ro
jectilcs, etc.). The spark obta ined beb"ccn b,·o 
a lumini um electrodes, across which a conde nser is 
di scharged, gives a light more intense than the sun and 
of less than one millionth of a second duration. 
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temperatures (exceeding 2 ,500° C.) to be reached, 
at wh ich the light emitted approximate3 very 
closely in composition t o that of t he best a rc 
lamps. Very high intensities (up to 30,000 watts) 
have been atta ined, exceeding those of the most 
powerful a rc lamps, which can now be replaced 
for nearly every purpose by the new lamps. 

The luminous intensity and the photographic 
efhciency of a given lamp increase as the fila
ment is hea ted to a higher temperature, which 
is effected by running the lamp at a higher 
voltage. Such over-running is limited by t he 
increasingly rapid volatilizat ion of the incan
descent metal, causing rupture at the weakest 
point of the filament. 

Th e rating adopted fo r ordin ary lamps for 
domestic and public lighting gives them an 
average life of 1 ,000 hours (which may, how
ever, be considerably shortened by flu ctuations 
in th e supply voltage' ). To increase the etliciency 
recourse was first had (Trevor and Salt, 1914) 

to overrunning, during the actual exposure, 
lam ps of a lower voltage than that of the mains 
(for instance, 80 volt lamps on IIO volt ma in s) 
by short-circui ting a res istance (o r t ransformer), 
the switch being often actnated simultaneously 
with the shut ter of the photographic camera. 

The foll owi ng table, prepared from measure
ments by Luckiesh (1 915) and L. Lobel (192 1) , 
shows a pproximately the variations in the visual 
intensity and ac tinic in tensity (towards an 
ordinary emulsion) of gas-filled metal-filament 
lamps when over-run or under-run , the value 
of 100 being arbitrarily assigned to the intensity 

l-ife at Norma l use . 
m<:lXll11UIll 

rate 

1,000 hours Domestic or publ ic lightin g • 

1 00 
" 

Cinema stud ios, projection • 

8- 10 
" 

Amate ur c in ematography • 

? Photography. - " • • • 

l Owing to voltage fluctuations at diffe re nt hours o f 
the clay and t o the g reater influ ence of voltage on 
acti nicity than on illu minating power, it is we ll t o 
have a voltm eter facing the operato r. 

] n alternatin g or rectificd current the a lternations 
between li ght and dark (two exti ncti ons per " period " 
of cu rrent) g ive risc, when a focal plane shutter is 
used, to band s a ltern ately over-exposed and u nder
exposed, and, in c inematography . to under-exposure 
in certai n images. 

130th these remarks a re applicable a lso to a ll light 
sources using e lectrical energy . 

• 
• 

• 

• 

of the lamp in question when working under 
conditions such that the lamp has a life o f 1 ,000 
hoursl 

Under-ru n, 17 0/0 • 

Norma l voltage • • • 
Over-run , 170/0 • • • 

" 37% • • • 

Visual 
intensity 

70 
100 
130 
190 

Acti nic 
intens ity . 

55 
100 
200 
325 

With orthochromatic, and especially with 
panchromatic, emulsions, the changes are not so 
marked, since the acti nic and visual power of 
the lamp approximate more closely. 

Subsequently , makers of incandescent lamps 
placed on the market specia l lamps for photo
graphy and cinematography, specia lly devised 
to wit hstand overrunning, and wh ich must not 
be worked beyond the stated rate. These lamps 
are of three types, corresponding respectively to 
continuous use for roo hours or 10 hours at the 
maximum rate, or to intermi ttent use of an 
average total durat ion of 2 hours at the said 
rate. While preparat ions are being made these 
lamps must be under-ru n. 2 In the table below, 
the last column .shows the voltage at which 
lamps supplied for IIO volts must be run so as 
to have a life of about I ,OOO hours, and the 

1 The results differ co nsiderably according to th e 
very different qualities of lamps o f various makes. 
Some lamps, especially those o f low power, w ill wi t h-

Approximate 

Working Lu mens voltage fo r 
per watt3 life of 

T ,000 hours 

Continu o us 10- 15 TI O 

" 
20- 22 80 

" 25- 30 70 
In term ittent 32- 36 64 

stand over- running, whilst o t.hers are speed il y rendered 
useless. 

2 The electrical resistance of a cold filament being 
only a small fraction (1/ 15th approx .) of t hat of th e 
same filament a t its norm a l working temperature , it is 
advised, when us ing a relative ly great total lig ht powe r, 
to put in during li ghtin g a resis tance (or trans fonncr) 
unti l the fi lament is red, when t he preparatory voltage 
is switched on, and then t he maximum voltage. 

3 A source o f an inten sity of J candle radiates a tota l 
o f 12·6 lum ens. Th e efficiency increases with the po wer 
of the lamp. 
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resist ance put in must reduce the voltage to 
about that shown in order not to shorten 
appreciably th e life at the maximum rate. 

Rather than use a small number of lamps of 
high intensity , l which give very li t tle diffusion,2 
even by using matt or "opal" bulbs, it is 
sometimes preferable t o employ a battery of 
from 12 to 20 lamps, of smaller intensity , mount
ed on a frame 6 ft. by 4 ft., behind a diffusing 
materia l. The area of illumination can then be 
adjusted by lighting a suitable number of lamps. 

293. At a time when portrait photographers 
and cinematographers used on ly ord inary or 
slightly orthochromatic emulsions and long life 
lamps emitting chiefl y rays inactive as regards 
these emulsions, they were led to use high light 
intensities. In order then to avoid the d iscom
fort and fatig ue due to heat and g la re, it was 
suggested by Luckiesh to use blue bulbs made 
of a glass absorbing the g reater part of the 
inactive rays. Dealers, who probably had more 
knowledge of elect ri cal than of photograph ic 
technique, have seriously affi rmed that these 
lamps, emitting blue light , furni shed a more 
actinic light than the white lamps of the same 
consumption, and these statements have been 
received with en thusiasm by photographers, who 
have tinted the glass in their studios blue in 
order to increase the act inic value of the light! 

It cannot be repeated too often that the action 
of a filt er is not to tint the light as a skein of 
wool is dyed by a coloured solution, but to 
cut out a certa in variable fraction of the 
incident radiations, so tha t it is obviously 
impossible to improve the actinic value in this 
manner. 

Not only is there a loss, from the point of 
view of the exposure necessary, but this loss 
becomes considerable when panchromatic emul-

1 It is not wise to wait until the luminos ity o f the 
lamps has fa llen markedly, owing to the metallic deposit 
o n the insid e o f the globe, before renewing them , 
for their act inic value will have been redu ced so me ti me 
previously by the yellow coloured film which is first 
formed. In an installation where all the lamps are not 
used at the same time , they should be freq uently 
c ha nged ro und to prevent those whi ch arc used most 
from being worn o ut . Some hi gh power lamps contain 
a few grains o f tungsten whic h, when shaken, clean 
th e interior surface o f the bul b. The eflic ien cy of lamps 
is cons iderably lowe red by acc umulated du st on the 
bulbs, reflectors, a nd diffu sers . 

2 In candescent lamps arc ofte n used in small pro
jectors (spot lights) to suppl emen t the lightin g give n 
hy ordin ary d ayl ight or artifi c ial light. This is exempl i
fi ed in the lighting effects o btained by the American 
cinematographer~, in which the heroine o ften appears 
to be surrounded by a ha lo o f cotton wool. 

sions a re used, for, having absorbed the red by 
the blue fi lter incorporated in the la mp, it is 
then necessa ry to use a yellow filter, in order 
to abso rb in its turn the excess o f blue a nd 
violet which now predominate. The marked 
advantage which t he incandescent lamp pos
sesses for the photography of coloured objec ts 
is therefore lost. 

294. Mercury-vapour Lamps. Th ese lam ps. 
which were invented in I90r by P. C. H ewit t , 
could only be used at first with direct cur rent, 
and could not be started from a distance, 
because they had to be tilted in order to strike 
the arc. Owing to the many improvemen ts 
which have been made in their manufacture, 
special lamps can now be supplied, which run 
on alternating current and are lighted merely 
by closing a switch. 1 They are generally in the 
form of fairly thick glass tu bes about 4 ft. 
long and a n inch in diameter. The wh ole length 
of the tube emits a b luish-green l ight composed 
of separate spect ral lines ranging from ye ll o\v 
to ultra- violet , the green line possessing the 
highest visual intensity. Ordinary emulsions 
a re of course insensitive to this radiation, since 
their sensitivity is main ly confined to the vio let 
and ultra-violet regions. The very high actini c 
value of these lamps towards ordin ary emu lsions 
allows of an appreciable economy in elec trical 
energy, besides which t hey gi ve off less heat than 
any other source of light , and, owing to the low 
visual intensity from the lumin ous tube, a ll 
glare is avoided. Unfortunately, this type of 
lamp cannot be used for orthochromat ic photo
graphy, for the use of a yellow filter, even of 
very low absorpti on, causes a deplorable fa ll in 
the effi ciency of the lamp. 

To correct the disagreeable effect of this g reen 
light, which gives people a pecul iar ghos tly 
appeara nce, the on ly effective means is the 
addition of lamps emitt ing mainly red light , 
banks of under-run incandescent lamps, or neon 
tubes,2 the respect ive intensities of the two 

1 In a cold room lighting up is o fte n difTi c ult as the 
arc will not s trike unless the t ube co ntain s merc ury 
vapour at a suffic ient pressure. 

2. Neon. lamps, used with a co mparatively low vo ltage, 
enllt mamly a spectrum o f reel rays; an in crease in 
voltage progressively in creases the intens ity of the 
v io let rays . 

For special purposes use is mad e o f the discharge of 
condensers at several tho usand volts in neon ur mer
cu ry tubes , the duration of the fl ash being somcw hat 
li1w one mi ll ionth of a secund. These di scharges , whic h 
are o f cons iderable actinic power (A. and L . Seguin, 
1(30), can fo llow each o th er at any dcsired frcqucncy, 
either equal to that of a pe riodic occurrence (" time" 
e xposures o f machinery parts in very rapid motiun by 
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lights being adjusted to suit the chromatic 
sensitivity of the emulsions used . 

In the cinematograph industry, where special 
make-up and appropriate choice of the colouring 
in the costumes and decorations render the use 
of orthochromatic m ate rials unnecessary, these 
lamps were used to a large extent , more especi
a lly for the general lighting, obtained from a 
number of fram es arranged horizontally above 
the scene, each frame carrying from four to 
eight tubes. The contrast lighting (for the model
ling of reliefs) was supplied by batteries of lamps 
mounted vertically on trolleys. 

In a portrait studio, two tubes mounted on 
movable or fixed platforms, for general lighting, 
and another arranged so that it is movable in 
all directions, can be made to give a great 
variety of lighting effects. The numbers of 
\;J.mps can be reduced to two for purposes of 
economy, or increased if it is desired to work 
with very short times of exposure. 

Numerous attempts have been made to in
crease the efficiency of mercury lamps by 
increasing the pressure and the temperature of 
the mercury vapour inside the lamp and de
creasing its volume in order to increase brilliancy, 
The bulb must then be made of quartz and, 
therefore , transmits with considerable intensity 
ultra-violet rays of short wave-length. The 
bulb, unless protected by an envelope of rather 
thick glass to absorb these rays, would, even 
in a very short time, cause grave injury to eye
sigh t. l 

By way of example we will indicate the ch ief 
characterist ics o f two very high pressure lamps 
(C. Bol, I935), one cooled by water circulating 
in a jacket and the other air-cooled, both for 
alternating current with auto-transformer and 
self-induct ion coil. The emitted light is at first 
formed only of mercury lines, somewhat 
broadened, on which there is gradually super
imposed a continuous spectrum that becomes 
more and more intense, the hght bemg 
then almost white, with green predominant. 
These lamps can be re-lit only after complete 
cool ing, and this rest ri cts their photographic 
uses. 

295. lllumination of Flat Originals. While 
the distribution of the lighting over a person, 

mean s o f a series of fla shes) or at a slightly higher 
speed (::; t roboscopic cinematog raphy fo r slow motion 
of high speed machin es) . 

1 No photographi c li se should therefo,re be made of 
mercury lamps with quartz bulbs speClally made for 
other uses. 

object; or group of objects is almost entirely a 
matter of taste, and is therefore outside the 

Consumption in watts 
Voltage . . . 
P ressure , kg. per sq. crn.. . 
Dimensio ns of th e quartz tube . 
Cooling.. . 

• 

Eflici ency, lumens/watt . 
Luminosity, candles/sq. CIll. . . 
Time required to reach normal working 

600 
500 
'50 

2 x 10 mill. 
water 
50- 60 
40 ,D?D 

1 5 mill. 

75 
420 

30 
:2 X 10 UUIl. 

• 
;llr 

40 
1,100 

• 5 100n. 

scope of this work, the illumination of flat 
originals, for the purposes of photographic 
reproduction, is controlled by definite rules, 
which have been described in full in text 
books on photo-mechanical reproduction "'ie 
shall just briefly outline the essent ial facts. 

The light-sources should be preferably mer
cury arc lamps for all originals in black and 
white, and incandescenP lamps for all colour 
work. 

The desired uniformity of illumination cannot 
be obtained with a single lamp, unless it is 
moved, after appropriate fractions of the 
exposures, successively to the positions which 
are later recommended for several separate 
sources of light. 

The positions chosen for the lamps should be 
such that, in the first place, the whole area of 
the original is u.niformly illuminated,2 and, 
secondly, that no reflections of the lamp appear 
on the original, a condition which is much more 
readily fulfilled if a lens of long focal length IS 

employed. 
Even illumination of the original can be 

obtained by using four incandescent lamps or 
two mercury tubes. 

Suppose it is necessary to illuminate a square 
by means of four lamps, which roughly may be 
assumed to be point-sources. By placing a lamp 
opposite each corner of the square at a distance 
equal to half the diagonal of the square, or 
slightly nearer, even illumination is. obtained 
to within 4 per cent, the mean value belllg about 
I'45, the illumination from a single lamp, 
falling on the original at a point directly opposite 
it, being represented by I. 

The avoidance of reflections generally neces-

1 Lamps with frosted g lobes are unsuitable for this 
work. 

2 A bsolute uniformity is neither necessary no r even 
desira ble. In fact, there is an advantage in increas ing 
slightly th e illumination along the eclg~s of the subject 
in order to compensate for the loss of h g ht at the edges 
of the field formed by the lens. 
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sitates the illumina tion of a square much larger 
th an that required by the largest dimension of 
the original, unless, of course , the la t ter is of 
very narrow shape . Rather t han draw up a 
number of complicated rules, we would recom
mend the following method . Place a mirror or 
a piece of glass fla t on the original, and then, 
with the eye close to the lens, make sure that no 
reflection from the lamps can be seen . 

If the orig nal is t o be illuminated by tubes, 
the length of the tube should exceed t he greatest 
dimension of the original, the difference in 
length being greater the farther the tube is 
removed . If, for example, lamps 4 ft. in length 
are placed at a distance of 18 in . from the 
original, the illuminat ion, in the direction 
para llel t o the lamps, will only be uniform over 
a distance of a bout 2 ft . To obta in uniform 
illumination a t right angles to the lamps, the 
latter should be separated by a distance of 
about 1'7 times t hat from the original. 

296. Illumination by Magnesium. The com
bustion of metallic magnesium, in the form of 
thin ribbon, has been used since 1850 (Bunsen 
and R oscoe) to obtain a very actin ic intense 
light. About 1865 Tra ill Taylor experimented 
with an explosive mixture a llowing of the almost 
instantaneous combustion of an appreciable 
weight of magnesium shreds, b ut it was not 
un t il twen ty years la ter t hat magnesium in 
the form of fine powder was first brought on to 
the market. At first ( he powder was ignited 
by blowing it t hrough a very hot fl ame (Arm
strong, 1888), but la ter pyrotechnic mixtures, 
similar to the presen t-day flash powders, became 
obtainable with either rapid or slow combustion, 
the idea being derived, no doubt, from the 
earlier work of Traill Taylor. In certain of the 
m ixtures the magnesium has now been replaced 
either partly or entirely by other metals, or by 
combustible metallic compounds. 

The table given below, taken from sensito
metric experiments (J . M. Eder, 1890; E. Huse, 
1923), shows in visual candle-seconds (white 
light) the actinic values of I grm. of magnesium, 
burnt in three diffe rent forms, using three types 
of sensitive emulsion. 1 

The pyro technic mixture given is similar to 
the type now generally in use (magnesium metal 
and potassium perchlorate) . The use of calcium, 

I [ t is necessary to p o int out that an in crease in 
the quantity b urnt, especial ly with flash powders , does 
not inc rease the actin ic value proportiona lly. s ince the 
central regions o( a n i ncandesce nt mass acid very lit tle 
to t he main effect produced b v t he o utside layers . 

s trontium, and barium salts as combustion 
agents allows the activity t owards orthochro-

Actin ic values in v isual ca ncllc-

Combustion of 
seco nd s 

• 
I gr m. m agnesIUm Ortho- Pan-

Ordinary chromatic chromatic 

I n ribbo n • • 2,850 4 ,800 5,600 
P ure powder • 2 , 3 00 4 ,600 7,700 
Flash p owder 

(apprax .) • • 3,000 1.900 2 ,200 

matic and panchromatic plates to be increased, 
by correcting for the excess of violet and ul t ra
violet, which is due, in an ordinary flash-powder, 
to the very high temperature of combustion . 

The combustion of magnesium (or of the 
metals which can be substi tuted fo r it) is neces
sarily accompanied by the formation of a 
corresponding amount of oxide (magnesia, 1 in 
the case of magnesium), together with, in the 
case of fl ash powders, the solid residue of the 
substance used as a combustion 2 agent. A part 
of this solid residue is deposited immedia tely, 
while the remainder, which is in a very fin ely 
divided condition , as smoke, is carried upwards 
by the current of warm gas, and only deposits 
slowly . 

297. Burning of Magnesium in Ribbon or in 
Powder. Magnesium ribbon , usually a bou t ~ in. 
wide, T~ 1f in. thick, and weighing a bout 10 gr. 
per yard,3 can only be used for inanimate 
objects, firstly, owing to the time required fo r 
the combustion of a suffic ient weight, and 
secondly because the very strong glare causes 
sitters to close their eyes. It can be burnt either 
in a lamp with a clockwork movement , which 
automat ically releases t he ribbon a t t he same 
speed as the combustion, in a small lamp where 
the ribbon is pushed out by hand, or as a kind 
of torch made by twisting round a piece of fi ne 
iron wire two or three strands of ribbon, the 

1 In whatever manner the magnesium (or other 
meta ls used fa r the same p urpose) is burned , it must be 
remembered that any oxide which rnay be depos ited 
on the op erator's clothes or hai r, if al lowed to fall on a 
sensitive p late or fil m d uring dcvclop lT't cn t , w ill cause 
b lack spots , due to the local increase in alkalinity o f 
t he bath . 

~ The name" co mbust ion agent" is appl ied to all 
substances wh ic h are capable o f supplyi ng t he oxygen 
necessary for the combustion. 

3 J li st recently extra th in magnesium ribbon has 
been p ut on t he market, being abou t I';, in. by 3~. in. 
a nd weighing abou t 4 gr. per ya rd . 
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whole being held firmly in a horizonta]l position 
a t the end of an iron clamp. 

Owing to hardness of the shadows produced 
by a point-source, it is necessary to keep the 
lamp or torch moving during the exposure, or 
to burn several torches in different positions. 
'fhe working conditions shoul d be arranged, 
however, so that the lighting predominates in 
one direction, taking care tha t the shadows from 
the a uxilia ry positions of the light-source cannot 
be seen. The operator should protect his eyes 
by means of a piece of deep red g lass or film, 

Distance fro m t he subj ect in feet I ! 3 -\Vcight to be b urnt in gra ins • t 2 
4t 
4 

or emery cloth in order to remove the magnesium 
oxide which would prevent the ignition . Mag
nesium ribbon should a lways be kept in a dry 
place. 

By proj ec ting very finely powdered magnesium 
(to pass sieve No. 120) in to a spirit fl ame, a fl ash 
lasting from one-fifth to one- tenth of a second 
can be obta ined. A continuous fl ame can be 
obtained by using an ordinary powder bottle 
sprayer or various types of lam ps, the manu
facture of which has been d iscontinued sin ce 
the ad ven t of the fl ash powders, It is necessary 

6 7 '5 9 12 I 5 30 45 
S 12 I S 30 50 200 600 

c orresponding lengths in leet • . I 5 ·60 I ' 3 2t 3t 5t 10 I S 60 135 
(= 2 in .) (= S in.) (= 16in.) 

otherwise he will be completely dazzled for 
some minutes and will be unable to look after 
the combustion of the metal. 

The table given below shows the length of 
magnesium ribbon required , according to the 
distance of the ligh t from the subject, there 

Nature and form Thickness or W eight of B ulb 

to emphasize the fact that these lamps, par
t icularly those fitted with powder reservoi rs , 
when used either for single or continuous 
illumination, must only be charged with pu re 
magnesium powder, not with any other mix
tures (fl ash powders) , which will a lmost cer-

l\1ax i 111 U m Duratio n o f Lag in 
o f the metal diameter metal diameter luminos ity flash lig hting' 

(mm. ) (mi lli gra m ) (mm .) 

30 60 
Aluminium foi l 0·00°4 60 75 

24 0 11 0 
-

1 
27 35 Magnesium wi re 0 '035 

70 --)) 

being no other effec tive lighting. The photo
graph is assumed to be taken on a plate of the 
rapid ordinary type, with lens working at F jS. 
H should be pointed ou t that in order to obtain 
even illumina tion the light should be produced 
at a distance much greater t han the width of 
the subj ec t. 

The ribbon may be ignited with a match or 
with a spirit flame, but the ends of the mag
nesium should first be cleaned with glass paper 

' ll the ribbo n is burnt in a vertical position , t he 
metal often m elts, under the infl uence of the great heat 
of combust ion , before being burnt and falls to the floor 
in incandescent particles, causing the ribbon to be 
extin guished. In any case, care sho uld be taken against 
falling incandescent particles by covering the fl oor 
or carpet with several thicknesses o f o ld newspapers 
placed under the po in t at which the magnesiu m is to 
be burned. 

(lum ens) (sec.) (sec.) 

2 ,000,000 0-05 0·0 1 

4 .000,000 0'06 0 -008 

10,000,000 0 "1 0 0·0 I 7 

1 ,000 ,000 0-02 0'03 
2,000,000 0·02 0'03 

-

tainly cause a serious explosion in the lamp or 
• reservOIr. 

298, Combustion of Magnesium or Aluminium 
W ire or Foil in a Bulb of Oxygen, A recent type 
of lamp (J. Ostermeier , 1929) gives a single flash 
of very great actinicity (colour temperature 
3 ,500° K. approx.) and of very short dura tion 

IThe lag in lighting, which it is important to know 
for syn chron ization of the flash w ith the per iod of lull 
aperture of the shutter, varies greatly with t he voltage 
of t he curre nt used. I t was found, with lamps burnin g 
a lu minium foil, t hat this lag passed from 0' 10 second 
(lightin g with 6 volts) to 0'01 second (li ghti ng with 
IIO volts). To avoid these variations i t has been sug
gested that mechani ca l synchronization be replaced by 
p hotoelectri c con trol 01 the shutter by t he light o f the 
flash at its beginni ng , using a photo-voltaic cell placed 
a t t he back 0 f t he reflector. 1. t III ust be borne in III i nd 
tha t no instantaneous flash is compatible with the use 
of a focal plane shutter . 
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by burning crumpled aluminium foil or magne
sium (alloyed with aluminium) wire in pure 
rarefied oxygen' within a sealed bulb, i.e. with
out external smoke. For the purpose of elec
trical ignition by all currents from 2 to 220 

volts! the bulb is fitted with a cap like that of 
an incandescent lamp. Ignition is effected by 
explosion of a wire acting as a lighter. This 
lighting wire is sometimes coated with metallic 
salts (such as sodium nitride) to increase the 
proportion of ye llow and red rays and thus 
improve colour rendering. 

The table shown gives the average charac
teri st ics of some of these lamps according to the 
measurements of W. E. Forsythe and M. A. 
Easley (1936) on one hand, and of M. van 
Liempt and J. A. de Vriend (1935) on the other. 

In Press photography the need for compact 
and very portable apparatus has led to the 
mounting of the lamp or lamps3 on the camera, 
which is obviously the worst position aesthet ic
ally, as all shadow modelling is thereby sup
pressed. 

Some attempts have been made to use in the 
same way f1ashlamps containing only a gaseous 
mixture (carbon bisulphide and nitric oxide). 

299. Flash Powders. These powders in vari
ably consist of a mixture of magnesium (or one 
of its substitutes)4 with one or a combination of 
oxidi zing substances, which supply the oxygen 
necessary for the com bustion immediately t he 
ignition is started by the appl ication of heat to 
any part of the mixture. 

1 The pressure is about 115th atmosphere. Over
pressure. due to co mbu stio n in a non-rarefied atmos
phere (penetration o f ai r through a crack), wou ld cause 
the bulb t o burst. For this reason some of these lamps 
contain an indicator the change of colour of whic h, 
clue to mois ture, indicates that the lamp is no longer 
fit for usc. 

2 As ignition by current from the mains might burn 
out the house fuses, the cap of the bu lb o fte n contains 
a fuse contact breaker. To ascertain, without danger 
of setting o ff the fl a sh prematurely, whether the lighting 
wire is intact, the flash bulb may be placed momentarily 
in circuit with an electric pocket- lamp worked by a 
single dry battery cell (1·5 volt), the filament of the 
pocket-lamp being then caused to glow weakly. 

3 'When such lamps are p laced side by side, the 
separation between the bulbs being not more than 
1 cm. (2 /5 in.), the firing of one of the lamps may 
spread progressively to the others, the total duration 
of illumina tion being then longer (the lamp first fired 
being extinguished while the third is lighting up). T his 
propagation, which occ urs especially with aluminium 
foil flash-bulbs, seems due to the heating of the metal 
by a considerable emi ssion of infra-red by the incan 
descent alumina. 

4 For instance , use has been mad e of zirco nium 
hydride giving l ~ss smoke at the same actinic power. 

The photographer .who has no knowledge of 
chemistry or pyrotechnics should never attempt 
to prepare flash powders. The majority of the 
formulae for these prcparations, which have 
been copied in many cases from one book to 
another, are really formulae for dangerous 
explosives, and it is not unlikely that any such 
experiments may lead to a serious accident, 
sometimes fata l. Even mixtures which are said 
to be fairl y safe may prove to be dangerous if, 
instead of using substances of known purity, 
as the manufacturers do, commercia l products 
of unknown composition are used . F or instance, 
perchlorates often contain as impurity a sma ll 
amount of chlorate, which for other purposes is 
quite harm less. While flash powders containing 
pure perchlorate are perfectly safe, any which 
contain chlorate are very dangerous to handle 
since they are liable to explode through shock 
or by friction against a hard substance. It must 
be thoroughly understood, therefore, that the 
various formulae given later are included for 
use by competent people only, knowing t he 
precautions necessary for the handling of such 
mixtures l 

If there is any doubt about the safcty of a 
flash powder, 2 all the precautions necessary with 
an explosive should be taken while handling it. 

A certain number of flash powders are sold 
with their const ituents separated, to facilitate 
transport. In mixing powders of this type, care 
should be taken to avoid shock or friction against 
hard substances. Sufficient homogeneity may 
be obtained by gently shaking the powder, 
preferably in a cardboard box. 

Flash powders should never be stored in 
glass-stoppered bottles, for the frict ion between 
the stopper and a small quantity of the powder 
may be quite sufficient to cause the explosion 
of the bottle and its contents. 

300. Constituents of Flash Powders. Flash 
powders should contain no poisonous substances, 

1 In France the co mmerc ia l preparatio n o f these 
mixtures cannot be und ertaken with out prev ious 
reg istration. (Dangerous establishm ent of the first 
class.) The ir preparation , even for perso nal use o r in 
s mall quantities, is not permitted in a n inhabited house 
except by the authority of the p olice. They may no t 
be stocked for sal e without police authorization. (Par is 
P olice I nstructions , 16th May, 1904 .) 

:1: Before using a flash powder, which may be entirely 
satisfacto ry from all other points of view, w e wo uld 
recommend that tests be carried Ollt to ascerta in 
whether it is susceptible to shock o r fri ction. Thi s 
should be done. u,sin~ only l-} gr., on an anvil (holding 
the hamm er at arm's-length) or in a mortar, using a 
lo ng-handled p estle . 
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nor any substances which give off poisonous 
fumes, such as chromates. 

Th ere should be no deliquescent substance 
present, whi ch will absorb the moisture from 
the air and in this manner prevent or de lay the 
combust ion. All substances which attack mag
nesium, or which are liable t o cause spontaneous 
combusti on of the mixture (this sometimes 
occurs when cadmium nitrate is used), should 
be excluded . Products which make the mixture 
susceptible to shock, as an example of which 
potassi um chlorate may be cited, should never 
be added. It is desirable to choose those com
bustion agents which give the least solid 
residue. 1 Lastly, the constituents should be in 
a sufficiently finely divided state to permit of 
rapid combustion, without , however, using the 
magnesium in the form of too fin e a powder, in 
which condition it is rapidly oxidized and may, 
in certain cases, cause the spontaneous combus
tion of the mixture. 

One of the best magnesium fl ash powders is 
obtained from a mixture of magnesium a nd 
perchlora te of potash. which are powdered 
separately before mixing, the proportions being 
then chosen according to the desired result . 
The most rapid combustion (Tiuth of a second 
for a charge of from IS to 30 gr. ) is obtained 
with equa l qua ntities of the two constituents, 
but the intensity of the light is improved if the 
proportion of perchlorate is reduced. A mixture 
of 30 gr. magnesium with IS gr. of perchlorate 
(time of combustion about / " th of a second for 
the same cha rge as above) is to be preferred 
because of its higher actini c value, in all cases 
where extremely rapid combustion is not 
necessary. 

Excellent flash powders, generally with slower 
combustion for the same actin ic value, can 
be prepared by replacing the magnesium by 
aluminium (not the impalpable aluminium 
powder used fo r metal paints), the most suitable 
combustion agent in this case being either 
potassium or barium permanganate (IS gr. of 
metal to 30 gr. of permanganate). 

1 The p ercen tage of smoke may b e defined a s the 
ratio between: (a) the difference between the initial 
weight of t he ch arge and the we ight of t h e res idue , 
and (b) the w eight o[ the charge. Many suggestio ns 
have been madc fo r reducing the prop ortion of the 
smoke. Th ese incl ude the u sc as combustio n agents 
e ith er of ammonium salts, which leave no solid residue, 
or of subs ta nces g iving a very spongy residu e, which 
occl udes the magnesiu m oxid e, thereby preventing its 
escap e (barium dioxide), or, fi na lly, the addition o f 
inert substances, which act in an exactly similar 
manner (various silica t es). 

P owders of exceed ingly high actinic power 
and burning with a very small percen tage of 
smoke, have been prepared by mixing cerium, 
zirconium, and thorium (m uch more costly 
metals than magnesium) with their respective 
perchlorates. 

30r. Testing of Flash Lamps and Flash Pow
ders . . Tests of fl ash lamps and flash powders 
should be designed to indica te ac tini c value 
a nd also speed of combust ion. It may a lso be 
useful in the case of powders to determine the. 
voillme of the fl ash, which wi ll g ive some idea 
of the diffusion of the light , and, if necessary, 
of the required dimensions of smoke traps or 
diffusers. Various methods have been outlined 
for these tests by A. Londe (1901), J. 1. Crabt ree 
(I916) , and others. 

One of the simples t methods for the deter
mination of the act inic value is to expose to 
the flash one half of a plate placed behind an 
even neutral grey density (transmitting about 
one-thousandth of the incident intensity). The 
other half is then exposed behind a sensito
metric wedge (a neutral grey filter of gradually 
increasing density) at a kn own distance from a 
ligh t-source of known in tensity. Having devel
oped the two halves of the plate together, a 
comparison is then made of the exposures 
necessary to produce eq ual density on each half, 
and from this comparison the actinic value of 
the fl ash can be expressed in terms of that of 
the known light-source. 

In order to determine the duration of the 
combustion , and, at the same time, the variation 
in actinic in tensity at various stages of the 
combustion , the powder is ignited behind an 
opal glass, and the fl ash photographed with a 
high frequency cinema tograph camera. The 
exactness of the measurement increases with the 
speed at which the camera is run, provided the 
frequency of the images is accurately known. 
From a photometric comparison of the densities 
registered on the various sect ions of the film 
with a scale of densities made on the same film 
under known conditions, the act inic value of the 
fl ash at the momen t of registra tion of each 
image can be determined 1 

1 It is also p ossible to run a band o f sens itive paper 
o r film a t a constant speed past a n a rrow slit covered 
with a n eutra l g rey wedge of known grad ation. In 
this manner a cu rve showing the variation in intensity 
at different times during t h e co mbustion will be im
pressed on the p aper or film. Use h as al so been mad e 
o f various photo-electri c method s, the current received 
by a photo·electric cell being led, after amplification , 
to a record ing galvanometer. 
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The dimensions of the flash may be deter
mined by photographing it behind a screen 
(formed of squares of known size) against a 
black background. By placing a mirror at an 
angle of 45 0 close t o the flash, two images from 
direc tions at right angles t o one another (on 
somewhat different scales) may be obtained 
simul taneously. 

302. Practical Uses of Flashes. It is proposed 
to deal more especially with the application to 
port raiture, for, as we have already seen, in t he 
absence of moving subj ects, a much better 
actinic value is obtained if the magnesium is 
burned in t he form of ribbon t 

The frequent unskilful use of flashes leads 
sometimes to the bel ief tha t it invariably results 
in bewildered expressions, or closed eyes, and , 
in the majority of cases, complete a bsence of 
modelling. Moreover , when using powders, t he 
danger from fi re and the incon venience of the 
smoke are frequently overestim ated , whereas by 
taking a few simple precautions both may be 
easily avoided. 

The dilation of the pupils, so commonly 
found in portraits t aken by beginners, occurs 
through taking the photograph in a dark or 
poorly-lighted room. In accommodating them
selves to the bad light, the pupils become very 
much enlarged and give, in consequence, an 
expression of fear t o the faces of the sitters. 
This expression is not caused by t he fl ash, but 
is a fa ith ful representa tion of the strained look 
which everyone acquires in semi-darkness. 
When working a t night, the lights should not 
be turned out, except, of course , such of them 
as come wi thin the field of the lens. This 
obviously makes it necessary to cap the lens 
until just before the ignition of the powder, 
and to re-cap it immediately the flash has 
finished. If no other light is available, the beam 
of light from an ordinary pocket fl ash lamp may 
be turned on to the eyes of the sitter, in order 
to bring the pupils to their normal size. 

Another d ifficulty which arises with the use 
of a fl ash is the closing of the sitter's eyelids due to 

2 In absence of m oving objects, it is also possib le t o 
use t h e slow -combustion flash -cartridges, w h ich resem
ble, t o a cer tain extent, bengal fire. L ight car tridges , 
fitted with a parachute, have been mar keted in t he 
U.S.A . Thr own t o a hei ght of 200 ft . by means o f a 
special pi s tol, they ig nite after a fe w second s, and fo r 
I t o 2 minutes give a light of about 1 , 000,000 candles 
which su ffIces for photography with in a c ircle o f 700 ft . 
in open ground. Several air forces ha ve used such ca r
tr idges, of much greater power, fo r aerial phot ography 
b y night , 

the dazzle of the light, 
but this occurs only 
when the fl ash has been 
of t oo long a duration . 
A study which should 
be of great value to the 
portrait photographer 
has been made by J. I. 
Crabtree (of the East
man Laboratories) of 
the reflex movements of 
the eyelids. In F ig. I 64 
is reproduced a cinema
t ograph film , which was 
taken a t the rat e of 
32 images per second 
(twice the normal speed) 
in a lighted room, just 
a t the moment of igni 
tion of a charge of fl ash 
powder, which lasted for 
about one-sixteenth of 
a second (corresponding 
to the two over-exposed 
images) . It will be seen 
that the eyelids have 
not begun to close until 
after the flash has 
finished, and then the 
right eye, which was 
nearer the flash, closed 
first, to re-open abou t 
one-sixth of a second 
laterl If, therefore, a 
flash not exceeding one
sixteen th of a second is 
used , th e only risk of 
taking the model with 
the eyes closed is the 
coincidence of the flash 
with a blinking of the 
eyelids, a coincidence 
which might occur just 
as easily during th e 
release of the shut te r 
when t aking a photo
graph by daylight. 

From among the 
differen t methods which 
may be used to ignite 
'Thi s c irc ulll stan ce prohib

its t h e use of slow- combus
tion powders for portraiture 
even if the exposure is re
duced by a shutter t o the 
desired d uration. . 

' .. ... -', -
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the charge, it is preferable to choose those which 
do not attract the attention of the sitter, avoid
ing, therefore, the use of a fuse . 

303. The speed of combustion of a powder 
depends primarily on its composition and its 
state of division, but i t is also controlled to a 
certain extent by its state of preservation, the 
weight burnt in a single charge, and by the 
distribution at the m oment of ignition. 

Powder which has been kept in a damp place 
will only ignite ve ry s lowly, and will give a 
low actinic value, owing to the fact that the 
magnesium powder has been oxidized on the 
surface or that the combustion agent is damp. 

The time of combustion a lways increases with 
the size of the charge, hence the need for 
extremely quick-burning powders when dealing 
with large groups (banquet halls. etc.), which 
require la rge charges. Crabtree has found that 
with a charge of 75 gr., as compared with one 
of 220 gr., using a very rapid powder, the time 
of durat ion of the flash increases from 9 to 14 
hundred ths of a second. 

Combustion is a lways much m ore rapid if the 
powder is heaped up in a small cup than when 
spread out along a channel, in which case the 
time of the flash may be as much as doubled . 
This drawback, however. is compensated by a 
much better completeness of combust ion, which 
allows o f the usc of a smaller quant ity of powder. 

304. Numerous methods are available for the 
ignition of the flash powder, which may be 
arranged in a heap on a metal tray, or placed 
a long a very shallow channel. In the latter case 
a bit of gun-cotton, or a strip of paper treated 
with potassium nitrate (touch paper), is first 
in serted , and the projecting end is then lighted 
wi th a taper held at the end of a sti ck (the hands 
should never be placed near the powder at the 
moment of ignition, unless covered with leather 
gloves). 1 

These m ethods of ignition are only satisfac
tory when the fl ash is used in conjunction with 
daylight or artif1c ia l light, which by them selves 
a lmost supply the necessary illumination. 
When the magnesium flash is the only source 

1 Mention sho uld here be made of the different [orm s 
o f the same idea e mbodied in the commerc ia l supply 
o f nash powders. These include cardboard cups, closed 
with a p iece of paper, into which a fuse is afterwards 
aU ached (the c up is placed o n a metal tray of ample 
s ize); pac kets made o f paper treated with nitre or of 
cellul oid, suspended by a thread , and ignited either by 
a fuse or by drawing a striker; sheets o f to uch paper 
with the flash powder placed between portions of which 
are cut off, hung up , and then ignited. 

of light, it is necessary to use at least two cha rges, 
which must be of unequa l st rength, one of t hem 
being used to soften the shadows of the other. 
Since it is important that the two flashes should 
take place simul taneously, a specia l met hod of 
ignition must be used, which can be controlled 
at a distance, preferably at the same time as the 
shutter. 

A pneumat ic release, connected to the tube 
controlling the shutter, can be made to bring 
the mechanism of the flashlight lamps into 
action, the ignition being caused either by a 
ferro-cerium spark or by a small charge of 
fulminate. As a general rule , all lamps which 
a re set ready for use should be handled very 
carefully, and in no case should the final ad just
ments be made before the cha rge has been 
added, since a premature release of the shutter 
may cause a serious accident, especia ll y if the 
powder is being poured direct from the stock 
bottle. In many different t ypes of lamp, the 
same operation a lternately sets and releases the 
ign ition mechanism. 

The best lamps a re undoubted ly th ose with 
electrical ignition, obtained by the explosion of 
fll1e m etal wire (iron or copper), inserted in the 
powder, under the influence of a discharge. The 
ignition current is preferably started by the 
shutter itself at the moment it starts to open. 1 

The current may be obtained from the lighting 
circuit or from a battery of dry cells. 

Whatever the method used for the ignition 
of the powder, in case of a misfire, one should 
wait for some time before coming near the lamp, 
for a damp powder will often " recover" in a 
few seconds and fl a re up possibly just when 
it is being examined. 2 

305. In a room where it is required to make 
a series o f flash powder exposures, precautions 
must be taken to prevent the smoke from 
spreading .3 

In a permanent establishment, it is usual to 
employ a la rge lantern, or, better st ill, a glazed 
cabinet with reflectors at the bottom and 

1 A well-known type of blind shutter, tl sed in s tudios, 
is fitted with an electric con tac t serving as the ignition 
starter, which is wo rked by the shutte r itse l f. 

2 \,Vhen lIs ing electri cally controll ed igni tion appar
atus fi tted with movable trays, the tray should never 
be charged before it has been replaced in pos iti on , for 
i f the circuit happens to have been left open the c harge 
may be scattered over the hand s. T he w orst that can 
happen if the t ray is uncharged is the f usion of the 
ignition wire. which can cause no dam age. 

3 Serious accidents, due to the cond uctivity o f the 
smoke, have bee n caused by lighti ng magnes ium 
powders und erneath high tens io n electri~ condu ctors. 
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diffusing screens on the outside of the glass, the 
whole being connected directly or by means of 
a chimney to the outside of the room. F or use · 
away from the specially-fitted studio, a smoke 
trap consisting of a bag made of semi-trans
parent, non-inflammable 1 materia l, which acts 
at the same time as a diffuser, will be found 
very use ful. The top of the bag can be hung 
from a metal crossbar attached to a vertical 
metal pole screwed at its base in to a t ripod, 
the lamp being flxed half-way up the vertical 
stand. The material is drawn in round th e pole 
at the bottom end, all owing just enough room 
for the passage of t he pneumatic t ube or the 
wires leading to the ignit ion control. After each 
flash, the bag is opened out of doors. 

306. For a portra it on a very fast plate, in 

1 The material can be rend ered non-i nflammable by 
treatment in the foll ow ing solution: water, 50 OZ.; 

ammonium phosphate, 5 oz. ; and bori c acid, t oz. The 
materials shou ld be left until t h orough ly impregnated. 
and then put to dry without rinsing . (Formula of 
the :Mu nicipal Laboratory of Paris used for the light 
fab rics employed for theatrical scenery.) 

• 

the absence of any other effective illumination, 
using an aperture of FIS, a charge of about 30 gr. 
is necessary, divided in to two parts, one about 
22 gr. and the other about S gr. These are 
placed at least 6 ft. away from the head of the 
sitter, in a direc tion wh ich m akes an angle of 
about 45 ° to the side and a lso above. 

The fl ash should take place outside the fi eld 
covered by the lens, and at a suffi cient distance 
to prevent any incandescent particles from 
reach i ng it. 

If the powder is not ignited in a cabinet or a 
non-inflammable smoke-t rap, it should be held 
at least a yard away from a ll curtai ns, hangings, 
parti t ions or ceilings, in order to avoid a ll risk 
of stains and of fire. 

It is a lways advisable to include a bot t le of 
liniment and some bandages in the fl ashlight 
outflt, so that they will be handy in case of 
burns. 

The supply of flash powder should a lways be 
kept in several containers, so to limit, in case 
of accidents, the extent of the damage to 
persons and property. 

/ 



CHAPTER XXV 

FOCUSSIN G OF THE IMAGE AND TH E POSITION OF THE SU BJECT ON THE PLATE 

307. Focussing. In all cameras fitted with a 
ground glass screen, the focussing is done, as 
far as possible, by visual examination. The 
image formed by the lens on the ground glass 1 

is examined under a black cloth, 2 while both the 
distance of the lens from t he screen and the 
aperture arc varied until the image possesses the 
definition most sui table for the work in hand. 3 

If the structure of th e ground glass is very 
coarse, it is often of advantage to red uce the 
gra ininess by smearing a th in uniform layer of 
vaseline or glycerine over the surface of the 
screen. The transparency of the ground glass 
is, at the same time, greatly improved, a n 
advantage which is particularly noticeable when 
photographing dark interiors. It is then neces
sary, however, when examining the edges of the 
fi cld , to view th e screen slantwise, i.e. in the 
direction of the raY3 from th e lens, and not 
directly as in the norma l manner. 

If the ground glass is not too coarse, the 
sharpness can be judged much more easily with 
th e assistance of a focussing magnifier (magni
fication of from 2 to 4 times), which is held 
against the screen in a sliding adjustment. Thi s 
permits of setting the lens so as to give the best 
possi ble definition of the ground surface, or of 
any engraved or pencilled marks on its surface,' 
that can be obta ined. 

I Use ground glass with a very fIllc grain, not glass 
coarsely ground by sand -blasting. ] t is possible to 
produce q uickly two pieces o f grou nd g lass by ru bbin g 
together t wo pieces of ordin ary g lass, placing betwee n 
them a little nne emery powder mixed with wate r ur, 
preferably, turpentine. 

2A pla sti c e ffect is sometimes seen in the image fo rmed 
on the ground g lass by a lens of diameter of working 
aperture approxim ating to the separation between the 
eyes. Thi s is expla ined by the fact that the light is 
diffu sed by th e ground glass with a maximu m inte ns ity 
in a direction prolo nging that of the in cident beam, 
so that each eye sees the image form ed by a different 
margi nal part of the lens (§ 58). 

3 Corrections o f focus , which mu st be ascertained by 
methodi cal tests, are sometimes necessary with an
ach romatic len ses (§ 3T T) or for infra-red photogra.phy 
(§ 220). 

"\'Vith t.he o rdin ary t y pe of foc ussin g magnifier the 
edges of the fi e ld cannot be e xamined at the oblique 
incidence necC'ssa ry to obtain a w ell illuminated image. 
'ril is diffi culty can b e overcome by c utting away an 
ob lique section of the t ube of the magni fi er, so that the 
lens can then be p laced normally or obliquely against 
the glass, according to circumstances. 

In principle, focussing should be done with 
the same aperture as that to be used for taking 
the photograph, since, with lenses possessing 
spherical aberrat ion, a variation in the size of 
the ap.erture causes a displacemen t of the 
position of sharp focus. 

When using a camera of the t ype in which 
the moving part is fixed in position after focus
sing, by means of a screw concentric with the 
one controlling the rack-extension, it is always 
advisable, having secured the position, t o ma ke 
sure that the focus has not been accidenta lly 
a ltered. 

To facilitate the accommodation of the eyes 
during the focussing of a dimly-lighted subj ect, 
the well -illumin ated parts should be examined 
first, afterwards coming to the darkest areas by 
a gradual tra nsition through th e parts of inter
mediate illuminati on (§ 246, footnote) . 

If the subj ect is too dark to permit the 
examinat ion of the image, good definiti on may 
be successfully obtained by focussing on the 
flam e of a candle or lampl placed in line with the 
chief parts of the subj ect . 

H and cameras without ground glass screens 
a re focussed directly by a cou pled telemeter 
(§ I74) or, a fter the distance of the subj ect from 
the lens has been either judged or measured, by 
means of a d istance scale (§ 88) or by the use 
of supplementary lenses (§ lI8) . 

In all cases it is necessary to bear in mind the 
rules which have already been given dealing 
with the depth of field and the best distribution 
of sharpness between two given points (§§ 76 
to 85). 

When cop ying flat originals or prints by means 
of a suitably equipped apparatus (§§ ISO to I52), 
sharp focus and size of image are obtained by 
bringing the various movable adjustments 
opposite the scale divisions corresponding with 
th e required scale of reproduction, finally veri
fying tha t no erro r has been made during these 
operat ions by an examination of the ground 
glass screen. 

308. Fine Focussing. When it is necessary 
to obtain very precise focussing (scientific work, 
or tests for making a focussing scale) , it is well 

1 \ ·Vhen using a n electric pocket- lamp re move the 
bull 's-eye lens. 
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to replace the ordinary method of jlMlging the 
point of maximum sharpness by a coincidence 
method known as p arallax f oc·ussing. F or this 
pu rpose the ground glass screen should be 
rendered transparent in one or two con ven ien tl y 
placed areas (centre and edges of fi eld) , ei ther 
by protection during t he grinding or by covering 
the desired areas with pieces of very thin glass 
(microscope cover slips) cemented wi th canada 
balsam. A cross should have been scratched on 
the unground part of the screen, or marked out 
wi th a hard pencil on the area to be covered . 

After th e image has been focussed as sharply 
as possible by examina tion of the ground part 
of the screen, a magnifying lens, ad justed to 
gi ve a sharp image of the cross, is a pplied to 
the transparen t area. It is now possible to see 
at the same time both the image of the subject 
and the cross in the plane of the screen. If the 
image is formed accurately in this plane, any 
displacement of the eye, either upwards or 
downwa rds, or t o right or left behind the 
lens, will not alter t he position of the cross 
rela ti vely to the image. If, however, this is not 
the case, the direction of the displacement will 
indicate whe ther it is necessary to lengthen or 
shorten the camera extension . The extension is 
t oo long if the cross is displaced relat ive to the 
image in the same direction as the eye is moved . 
If the cross moves below the image as the eye 
is raised , the extension is t oo short. 

309. Soft Focus. In photography there is 
occasion to consider two ent irely distinct cases. 
First, it may be desired to obtain a resul t con
forming to certain scientific, legal, or commercial 
requirements , in which case perfect ly sharp 
definition is an essentia l quality . On the other 
hand, a photograph of arti stic effect may be 
required, in which it is desired t o sugges t the 
impression con veyed by a subj ect without 
faithfully reproducing its finest de tails. 

A photograph is not necessarily artistic 
because the focus has been softened . On the 
other hand, a rigorously sha rp picture, in which 
details ordinarily i m percepti ble t o the eye 
without close examina tion are easily discerned, 
can never create an a rt istic effect, whatever 
other merits it may possess . 

The focussing in the second case is always 
much more difficult to judge, fo r the degree and 
dist ribution of the so ftening demands not only 
a certain aesthetic taste and knowledge of 
psychology but also a full acquaintance with 
the various methods used for the production 
of pleasing soft effects. 

The degree of softness will obviously depend 
on a large number of factors, more especially 
on the size of the picture, on the subj ect , and 
on the arti stic education of the public to whom 
the work is to be presented . It is evident tha t 
the outlines may be made much more diff used 
if the p icture, owing to its size, is to be viewed 
from a dista nce. A portrait of a child or of a 
young woman can be treated with a certain 
amount of freedom, while that of an old man is 
often better rendered with a less degree of 
diffusion . And then, again , the uneducated will 
only approve with difficulty of a so ft -focus 
portrait , which they will consider to have been 
bungled , whereas they will accep t a photograph 
with softened outlines without any tendency to 
hardness. On the other hand , a photograph 
with very softened outlines is much more 

a b o d 

F IG. 1 65. D IST R IBUTION OF DEN S IT Y IN L IN E S 
OF VAR I OU S I MAGE S 

((t ) Sharp i mage (b) Out of focus. (e) Soft ness produced by <\Il:lchroma ti c 
lenscs. (el) Superposition o f a s harp ;JI\d diffll se image . 

pleasing to the cult ivated taste, unless the effect 
has been exaggerated to a degree which is 
considered sui table only in studies executed for 
decorat i ve purposes. 

The method which most naturally suggests 
itself for the avoidance of the extreme sharpness 
a fforded by the modern technically perfec t 
lenses, such as the anastigmats, is t o devia te 
more or less from the normal posi tion of sharp 
focus. This method, however, invariably resul ts 
in distinctly unpleasant portraits, in which th e 
sharp definition, though absent from the main 
subj ect , appears in some minor part where it is 
leas t wanted. 

An attract ive portrait which is neither t oo 
sharp nor t oo soft can usually onl y be obtained 
by a combination of two images, one of which is 
perfec tly sharp but of subdued in tensity, while 
t he other of softened outlines is used to obtain 
the desired effect. 

Many different methods may be used to 
obtain this combination, either from a single 
negat ive , by double printing from a single sharp 
negative, or by ta king a print from a combin a
t ion of two negatives ta ken at the same t ime. 
Fig . 165 shows in diagram form the appearance 
of a line in the principal cases considered . 



, 
• 

• 
• 

FOCU SS ING AND POSITION 207 

310. Making Soft-focus Negatives. A recent 
varia tion (de Dalmas, 1923) of a very old 
method (A. Claudet, 1866) gives some very 
interes ting results, which, however, its author 
admits (§ 312) to be inferior to those obtained 
by the Artigue method on account of variation 
in the scale of the image. During about two
fifths of the exposure the extension is increased 
by one-eighth or one-twelfth of an inch for a 
wide-aperture portrait lens, or one-fif th of an 
inch for a lens of smaller aperture. 

In a somewhat similar method the camera is 
first focussed on a point considerably in front 
of the subj ect , and the lens is then stopped down 
until sharp focus is obtained . Half the requisite 
exposure is then given, after which the aperture 
is opened to an intermediate position and fina lly 
to full extent . At each of these positions an 
exposure is given equivalent to a quarter -of 
those necessary at the apertures used (E. Genet . 
1923). This method is only applicable to still 
landscape photography , but is much more 
suitable to this class of work than the previous 
method. 

We have al ready ment ioned the usc of 
di ffusing screens (§ 126), which transmit a sharp 
image through the central part and a so ft image 
through the outer part. 1 

A very simple arrangement which can be used 
with large-aperture lenses yields some very 
pleasing results (G. Cromer, 1920) . At a small 
distance behind the lens is pl aced, parallel to 
the plane of the sensitive plate , a very thin sheet 
of gela tine (such as is used by engravers) , or 
glass (similar to extra-thin microscope cover 
slips) with imperfect surfaces. In this manner a 
certain fraction of each ray of light is slightly 
deviated from the direct ion which would give 
a sharp image, and the resultant effect can 
obviously be varied either by altering the 
thickness of the sheet or its distance behind the 
rear lens component. In a varia tion of this 
method (J. Sereni, 1924) a special type of 
grat ing, composed of glass strips separated by 
spaces about equal to their own width, is placed 
behind t he lens. Upon the sharp image formed 
by the fraction of each bundl e transmitted by the 
spaces is superimposed a soft image due to the 
in terposition of the relatively thick transparent 
medium with non-parallel surfaces. 

1 I t is a common practice, especially in en larging, 
to place in front of the lens a piece of stretched fabric, 
which by d iffrac t ion introduces a certain so ftness in to 
the print. The softness increases w ith the closeness 
of the weave of the fabric ; the more the threads diffuse 
the li ght the less the contrast. 

• 

F inally, a negative with soft outlines can be 
obtained by the use of a lens which has been 
imperfect ly corrected for spherical or chromatic 
aberrations, the resultant image in this case 
being composed of a large number of elementary 
images corresponding either with the various 
concent ric zones of the lens or with the diffe rent 
coloured rad ia tions. 1 

There a re on the market man y ty pes of lenses 
which a re incompletely corrected for spherical 
a berration . They exh ibit no peculiarity in use 
other than the fact that any alte ra tion in the 
size of the aperture or in the length of exposure 
has an appreciable efiect on the resul t , the image 
being much sharper when a sma ll aperture, or, 
within normal prac tical limits, a short exposure, 
is used. Many lenses, more particularly those 
employed for portraiture, will give, as desired , 
a perfectly sharp image, or, after altera tion of 
the distances between t he various components 
(obtained by rotation of a ring in a spiral groove) , 
a soft image due to spherical aberra tion. 

Anachromatic lenses (§§ 97, 101, II O) , wh ich 
can easily be prepared by the photographer 
himself from very cheap components (spectacle 
lenses) , have given some very remarkable 
results in the hands of numerous artistic 
workers. Their use is often criticized because 
a n adjust ment of t he extension is necessary a fter 
the focussing has been done, and a lso because 
widely different results are obta ined when ligh t
sources of difierent compositions are used 
successively (mercury arc, day light, incan
descen t lamps) . 2 

311. Correction of Focus with Anachromatic 
Lenses. The following rules apply only in 
those cases where the work is carri ed out with 
crown-glass lenses on "ordinary" emulsion, 
the subj ect being illuminated by daylight. 3 

1 The sharpness of the image can a lso be red uced 
by fitting the lens with a supplementary uncorrected 
convergent or divergent lens (§§ lI S and II g) or w ith 
a non-achromatic afocal lens (§ 126) or with a very 
weak convergent or divergent lens, of which the centre 
is cut out (the sides of the apert ure must be blackened). 

2 By using quartz anach romatic lenses a ny correction 
of foc ussing is rendered unnecessary, s ince the chro
matic aberrations in these are considerably less than 
in uncorrected g lass lenses, but the pri ce is prohibitive. 

3 If the mercury arc is used for the ill umi natio Tl , 
correction a fter focuss ing is no longer necessary, the 
image being even a little sharper than that obtained 
by applying the correction in daylight. Fu rther, th ere 
is no need for a ny correction when workin g with orth o
chro mati c o r panchromatic emulsions with a yellow 
fi lter. I llumination by incandescent lamps, which arc 
ve ry poor in v iolet a nd especially in ultra· violet , or 
the use of an acsculine ftl tcr to absorb the ultra· v iolct , 
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For simple or symmetrica l t a nachromats, the 
extension should be reduced after focussing, in 
order to bring the p late away from the plane of 
the sharp image formed by the yellow radiations 
into the plane of the sharp image formed by 
the violet radiations. 

For dist an t subj ects t his correction amounts 
to about one-fifti eth o f the focal leng th; for 
near subjects it should be calculated , once and 
for a ll , by means of the following formula, in 
which F represents the focal leng th and p the 
distance of the subj ect from the lens-

F p 
50 p - F 

" 
F or adjustable landscape lenses (telephoto 

anaehromat) , the extension should be reduced 
by a constant amount, obtained by adding 
one-fiftieth o f the focal length of the combined 
lenses t o one-twenty-fifth of the extension, 
reckoned from the ground glass screen to the 
rear lens. 

F or the telephoto studio lenses, the correction 
should be made by altering t he position of the 
two sys tems (the lens obj ec tive a nd the d ivergent 
nagative attachment). With t elephoto a na
chromats, the two sys tems should be brou,ght 
closer together, the constant amount of t his 
displacemen t being de termined by tria l once and 
for a ll for a given obj ec tive. The sys tems of a 
telephoto semi-anachromatic objective should, 
after the focussing , be m oved farther apart, 
the extent of the correction, which is pract ically 
constant for a given combinat ion, being consider
ably less than in the previous case. In t his case 
again the correction should be determined by a 
series of trials. 

312. Photography with Two Superimposed 
Plates. One of the most ingenious methods 
which have been proposed for the producti on of 
soft - focus photographs is that descri bed in 1921 
by the painter, E. Artigue. Two plates a re 
exposed one b "hind the other" in the same plate
holder, with the two sensitive surfaces facing 
the lens. 

One of the sensitive surfaces is therefore in 
the plane of the sharp image, while the other is 
all ows the correction g iven above to be reduced con
siderably. One or two tria ls show the most suitable 
amount o f correctio n in g iven circ umstances. 

1 In the case o [ a symmetrical anach romat t.he 
correction can a lso be made by al tering the distance 
between the two com ponents (§ 1 0 1 footnote) . 

2 Ob~ously neither anti-halatio n nor doubl e-coated 
plates may be used ; the second p late may be replaced 
by a film, or it is possible to use two film s with th ei r 
backs in con tact . 

behind this plane, with the emulsion layer of the 
first plate acting as a diffusing med ium in 
between. Th e normal time of exposure should 
be increased by abou t 50 per cen t in order to 
reduce the contrasts in the first negative by 
over-exposure, and a lso to obtain an image on 
the second plate , in which the con trasts will 
be exaggerated by under-exposure. 

The two negati ves, when superim posed for 
printing , should together have the density of 
a norma l nega tive, and so the development of 
the first negative should be conside rably cur
tailed, while the second one should be developed 
to the full, under-exposure preventing it from 
becoming too dense. Practice will soon show the 
operator the balance to be st ruck between the 
two negatives in order to obta in the desired 
effect. 

.For printing, the two negatives are placed 
one on the other in correct register, an opera tion 
which presen ts very lit tle difficulty. It shou ld 
be unders tood that t he sha rp image must be on 
t he outside, so that the two plates occupy the 
same relative positions as during the exposure. 
Printing or enlarging is carried out in the same 
manner as with an ordinary negative, but it is 
advisable before commencing these operations 
to bind the two negatives securely together with 
gummed strips. 

Figs. 166 to 168 show the prints taken 
respectively from the two component negatives 
ancl their combination. 

313. Production of Soft Focus by Printing. 1 

Effects somewhat similar to those prod uced by 
the method which has just been described may 
be obtained by printing from a sharp negative 
(H. B ouree, 1923). A piece of sensiti ve paper is 
lixed in position on a table by means of gummed 
paper or metal weigh ts . These may a lso serve 
as stops for the negat ive if some other suitabl e 
a rrangement has not been made, e.g. by d riving 
three tacks into the table at convenient points 
just beyond the edges of the paper, wh ich in 
this case should be approximately equa l in size 
to the negat ive. First , a piece of ground glass 
is placed with g round surface upwards on the 
paper, and t he negative is then la id on it, 
ge latine face in contact with the ground glass. 
A preliminary exposure is given by a matt 
electric bulb placed about 5 ft. above t he table. 

I Th is paragraph should strictl y be incl uded in 
a later cha pter of this work , but owing to th e close 
connec tion between th e e ffec ts them selves, <l ncl th e 
method s used for obtaining them, it is perhaps better 
not t o separat e it from the preceding paragraphs. 
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Having extinguished the lamp, the 
ground glass is removed and the 
negative replaced against the guides 
in contact with the sensiti ve surface 
of the paper. In each case pressure 
may be applied by means of a th ick 
piece of p late glass, especially if the 
paper is at all inclined to curl. A 
second exposure is then given and 
the paper i s then removed and de
veloped. According as one or other 
of the exposures is made to pre
domi nate (ta king into account the 
a bsorption of the light by the ground 
glass during the first exposure) a so ft 
or a sharp prin t may be obtained 
at will. It is easy to determine t he 
" coefficient " of the di ffuser used,l 
so as to facilitate a ny future calcula
t ions of the partial exposures . 

The same working method may be 
used for enlarging, especially if a 
verti cal en larger is employed, no 
registration being then necessary if 
the paper is properly placed on the 
projec tion table. 

Mention should be made of an other 
method of obtaining soft-focus prin ts 
which consists in interposing between 
the negative and the paper a thin 
piece of ce llul oid or glass d uring a 
fraction of the exposure. If t he nega
ti ve is fas tened to a mask which ex
tends well beyond t he edges, and the 
pr int is made on a sufficient ly large 
piece of paper, any shift of the paper 
relat ive to the negat ive may be eas ily 
avoided wh en using the ordinary 
printing frame ; the paper is simply 
held t ightly against the mask with 
two fingers during the opening of th e 
fra me and the removal of the trans
parent film. 

314. Choice of View-point. Although 
we do not propose, in th is book, to 
discuss the aestheti c quest ions whi ch 

I In order to do thi s, a piece of the paper 
is exposed uncl er th e bare negative, a nd 
other pieces arc exposed und er the negati vo 
in contact w ith the ground g lass screen for 
grad ually increasing tim es, at the same dis
tan ce from the lamp. T he ratio of the two 
exposures (w ith an d w ithou t the screen ) 
whic h give s imilar prints w hen developed 
together for the same t ime is the requ ired 
coeffic ient o f the screen. 

FIG. T66 . . -\RTIG U E T WO-PLATE PROCE SS- PR I NT FRO:'.1 TJ[ I~ 
FRO:\,T :!\ EGA TI V E 

riG . T67. }\ RTlGUE T WO-PLATE PROCESS- PRINT FRO'I TilE 
H EAR NEGA T IVE 

F I G. 168 . ART I GU E T WO-PLATE PROCE SS- P R I N T FRO~I TH E 

COMBINED T\vo N EGATI VES 
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arise in the practice of photography , ye t we 
think it necessary' to put the reader on his 
guard against one or two fre quent mistakes. 

The most favourabl e view-point for a subj ect 
or a g roup should be chosen without regard to 
the scale 0 ' the fin a l print, bu t with sole con
sideration for the usua l rules of composition. 

E very photograph should express an idea, 
conveying to those who contempla te the print 
the same impression prod uced at the time the 
subjec t was chosen. The picture should contain 
a principal subject (idea of unity) , and should not 
combine several subj ects , each of which presents 
a special point of interest, with nothing, however, 
to unite t hem. The atten ti on should be drawn 
immedia tely to the centra l theme, the eye being 
Icd there, not merely by sentim~ntal interes t, 
but by the convergence of the principa l lines 
and by the contras ts o f light and shade, which 
should be more st riking than elsewhere. 

No part should be identical with another, 
a nd nothing should be symmetrical (idea of 
variety) , but there sh ould be a certa in balance 
of lines and tones, conveying an impression of 
stability . The principa l lines o f the composition, 
wi th the exception of the vert icals, should not 
be parallel t o one another nor to the fram e, but 
should oppose one another (oPPositi on ). Balance 
is obta ined, as a rule, by means of an element 
o f secondary inte ~est in the picture (which m ay 
be no more than a patch of tone), this secondary 
feature being placed, for example, a t a point 
diagonally opposed to the principa l subj ec t. 1 

It should be noted tha t a subj ec t which is 
attractive solely because of its colouring will 
give very disappointing results in monochrome 
photography . Some idea of the appearance 
which a photograph of a subj ec t will present on 
an ordina ry emulsion and on an orthochromatic 

1 B y d iv id ing the s ides of the p icture into an odd 
number of equal parts, e.g . three, and jo ining these 
poin t s by lines pa rallel to t he fra me , the principal 
lines are obtained, the intersections of which coincide 
wi th the chie f points of the com position. The com
pos ition may be sometimes fac ilitated by drawing t he 
princi pal li nes o f the picture w ithi n the space o f t he 
focli ss i ng screen o f the came ra. 

emulsion can be obtained by examining it 
through a blue (§ Z07) or a green glass (§ zro) 
respectively. 

315. T he mistake in composition which is 
most frequently made is as follows : H aving 
selec ted a subj ec t (which is easy to the prac tised 
eye, a ble to choose from the attractive subj ects 
which a re to be found everywhere), and se t up 
the camera in the place considered most favour
able , a move is m ade to a different v iew-point, 
generally much nearer the subj ect , under the 
idea th a t the picture is too small and would not 
fill the area of the plate t o be used. A subjec t 
is attract ive from a certa in view-point because, 
relative to tha t point, the lines of the scene a re 
grouped harmoniously , but the attractiveness is 
generally los t if the view-point is moved either 
nearer or farther away . H aving once selec ted 
the view-point, it is better t o ch oose from among 
the lenses at hand one which will allow the pla te 
to be m ost completely fill ed by the picture, 1 

bearing in mind the fact that any unwanted 
parts m ay be excluded later. If the picture is 
considered t oo small, it is advisable to enla rge 
it, or t o have an enla rgement m ade from it if 
the necessary apparatus is not available. (See 
Chapter V for the rudiments of photographic 
perspective and the effect of the distance 
between view-point and subj ect. ) 

Having chosen the subj ect and t he view-point , 
which necessarily fix the angle of the picture 
and the position of the camera, the limits of the 
subj ect are best adjusted by decentring 2 the 
lens in the direction and to the ex tent considered 
necessary (§ ISS). 

1 For th is purpose a focime ter or an iconometcr m ay 
be used s im ilar t o t he frame view-fin der described in 
§ 17 1, the frame being movable al o ng a groove grad u
ated in focal lengths. If , for example, t he s ides o f t he 
frame arc equal to a qu arter of the corresponding 
dime ns ions of t he plate, the lengt hs of t he scale grad ua
tions attached to t he frame will a lso be eq ual to a 
qu arter o f the various foca l lengths to be used. 

::: Deccntri ng of the lens is practically eq uivalent 
to cutting off, fro m th e circular image w hich wou ld 
be formed by t he lens if a m uch larger camera were 
used , t hat pa rt (equa l in size to t he plat e ac tually 
emp loyed) in whic h the selected subj ect is best arra nged. 
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CHAPTER XXVI 

EXPOS URE 

316. Time of Exposure. F or the majority of 
subj ec ts there is n o single correct time of exp osnre, 
but a more or less extended range of times each 
of which is equally admissible. The minimum 
exposure is t ha t which will record the shadows 
as a fa in t density just distinguishable from t he 
chemical fog, while the maximum exposure is 
th a t above which the density recorded in t he 
ligh tes t ha lf-tones becomes indistinguishable 
from t he density given by the perfect ly white 
pa rts . 

In the case of a very cont rasty subject t a ken 
on a n emulsion poor in silver salts, it is q uite 
poss ible tha t no time of exposure will sat isfy 
at the same time the two conditions st a ted a bove, 
but such a case is exceptionally rare. In such 
a n extreme case (see Chapter III ), which is 
a lways avoidable in t echnical photography, 
there is no necessity t o expec t the photographic 
emulsion to record va ria tions in luminosity 
which a rc impercep ti ble t o t he eye (§ 17). 

In all other cases, the range of satis fac tory 
times o f exposure (measured by the ratio o f the 
maximum and minimum times) is known as the 
tolerance or lat·itude of exposure. This la ti t ude 
becomes greater firstly wit h decreasing contrast 
in the subject t o b e represen ted, a nd , secondly, 
as the ra nge over wh ich the emulsion is capa ble 
of rende ring intensities increasing in geometrical 
prog ress ion by densities in a rithmeti cal pro
gress ion is extended, or in other words , as the 
stra ight-lin e portion o f th e charac teri stic curve 
is ex tended (§§ 201 and 2 02 , Fig . I39c). ' This 
condition is usua lly bes t fu lfill ed with emulsions 
very rich in silver salts. 2 

The ra nge of intensities 3 which can be ren-

1 Excellent res ults , however, may be obtained by 
work ing outsiJe t he l imits o f this s traight- lin e port ion 
of th e cu rve. \Vith low exposures, a ll the tones may 
be re ndered correctly on the lower c urved reg io n 
(under-exposure region). if the s lope of thi s part o f th e 
c urve is at leas t about two-thirds of the s lo pe o f the 
s traight-line port ion. \ 'Vith Ill ll ch grea te r ex posures 
th e upper c urved part (over-exposu re region) may be 
lI sed li p to the po in t where the s lope is abo ut half that 
o f the s traight- li ne portion. 

:! Thc lat itude o f ex posu re is partic ularl y s mail in 
clll uis ions coated with a very th in layer for reversa l 
processes (A utoclu ome plates , amateu r c inematograph 
fi lms) . 

3 A paper p ublished in 1922 b y the Bureau of 
Standards o f the United Sta t es (Scienti fi c Paper No. 

dered by good emulsions oft en exceeds 1 80 : I , 

whereas very few photogra phic subj ect s possess 
a contrast exceed ing 30 : 1. It will be seen from 
these values tha t the second is contained six 

I SO 6 h . times in the first = so t at the ma XIITIUm 
30 ' 

and minimum exposures a re in the ra ti o of 
6 to 1. 

Success in photography would be exceed ingly 
ra re if it were not for t hi s latitude in exposure. 
F ortunately, exposures outside this range still 
g ive resul ts which , although less correc t, a re 
nevertheless often q ui te sa tis fac tory . If this 
were not the case, the photography of rapidly 
m oving objects would be practica lly impossible. 

317. Results of Errors in Exposure. Negatives 
which have been given va ry ing times of exposure 
within the limits defined in the p revious para
graph and then developed for the same time in 
the same ba th will only d ifie r from one a nother 
in their mean density , a nd not in contras t. They 
will give, therefore, ident ica l prints on t he same 
pa per, but the printing will take longer 111 the 
case of the denser negat ives . If, for example , 
one of them was exposed for fi ve t imes as long 
as another, then, at a rough approximation, the 
first will t a ke fi ve t imes as long as the second 
one to print, or if equa l times of exposure are 
given in the printing, the first nega tive will 
require five times th e intensity of light. These 
two negatives, whil e very d ifferent in appearance 
when compared in the same illuminat ion , would 
a ppear identical if they were illumina ted 
respec tively by a 50 a nd a 10 candle-power lamp . 
They would appear eq ua l t unde r the sa me 
439) brings together th e cha.racteris tics o f every 
d ifferent b rand o f sens it ive materials manufactured at 
that t ime in America (w itho ut disclosin g th e ma kers' 
names) and states, for each o f them, th e ran ge o f 
intens ities rendered by the s tra ight-line portion o nly of 
the characteris ti c c urve. -For the fourteen s ingle
coated o rd inary em uls ions measured, th e ran ge varied 
from 20 (for two brand s o nly) to 150 (mean ==--= 77); it 
reached 300 fo r on e do uble-coated orthoch romali c pI ale . 
The lowest val ues were given by certa in bra nds o f 
ro ll -fi lm (from TO to 100; mean 42). \\·c pu rpose ly 
excl ude fro m t hese mcan valucs the em llis ions made 
espec ia ll y for reprodu cti on w ork, s in ce they are pre
pared to g ive maxi mu m contrasts (mean range ()). 

1 An over-exposed negati ve g ives, however, images 
that a re slightly less sha rp t ha n a correctl y exposed 
negative owing to the fact o f the adding up o f th e 

~ Il 
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illumination if the lesser exposed negative were 
combined with a lightly-smoked piece of glass 
or a uniformly-fogged and developed plate , 
transmitting about one-fifth of t he incident 
I igh t-intensi ty. 

Of these two negatives, y ielding identical 
results, the professional photographer will al
ways consider the thinner one to be correctly 
exposed and the denser one over-exposed . 
H.etouching, a necessary operat ion in profes
sional photography, is in fact much more eas ily 
done on a thin than on a dense negative. H e 
\\ ould probably have stopped the development 
of the more exposed negative some time before 
the lesser-exposed one, in order to obtain greater 
transparency . The negative developed for the 
shorte r t ime would then be much less contrasty 
and would no longer, therefore, y ield on the 
same paper a print identical with that from the 
ot her negati ve, but each could be made to give 
excellent prints by the choice of suitable papers 
with characteristics appropria te to the separate 
req uirements of the two negatives. 

318. Insufficient exposure always results in 
a thinner negative than would have been ob
tained with correct exposure, with lack of detail 
in those parts corresponding to the darker parts 
of the subject, and with increased contrast 
between the images of the shadows and high
lights. As we shall see later , it is only in certain 
special cases that it is possible to compensate 
for under-exposure by prolonging development; 
for t his purpose the negative must be consider
ably under-exposed. Increasing the time of 
development of a negative in which the shadows 
are under-exposed and the high-lights correctlv 
exposed can only exaggerate st ill more the 
contrasts between the shadows and the high
lights, these latter merging into the ligh ter 
half-tones unless appropriate correction is after
wa rds made. 

Over-exposure yields a much dense r negat ive 
than one which has been correctly exposed a nd 
developed under identical conditions, and the 
contrasts, especially in the half-tones, is red uced. 
To obtai n the same degree of cont rast it would 
be necessary to prolong development, wh ich 
would resul t in a further increase in density of 
the negati ve. Their liking for a " nice" nega
tive, even though it yields poor prints, causes 
a large number of photographers to cut short 

efTecb of th e residual lens aberrations, irradiat ion in 
the emulsion, an d slight movement (vibrations, etc.) 
o f the subject or camera . The gra in o f an over-exposed 
negative may al so be more marked. 

the development , in order to obtain an image in 
which the mean density approaches that of a 
correctly-exposed plate developed to the re
quired degree of contrast . 

319. Factors Affecting Time of Exposure. 
The limi ts of normal exposure depend on the 
illuminat ion of the subj ect , 1 its distance from 
the camera, th e relative aperture of the lens, 
and the sensitivity of the emulsion, allowing for 
any colour filter in use. This correct ion is 
applied by multiplying the exposure necessary 
for the plate without filter by the filter facto r 
corresponding with the conditions under which 
it is used (§§ 2II a nd 2I3). 

The illumin ation of the subject depends, as 
we have already seen (§§ 287 and 288) , on the 
height of the Slln and the atmospheric condi
tions. 2 \ ;Vhen, however, the subj ect is not 
situated in open country , the extent of sky 
which can be seen from the position occupied 
by the subj ec t, and the diffusion of the light 
by neighbouring objects, both modify the 

1 It is often poi nted out that the time o f exposu re 
depends on the amount of li ght fallin g from the subjec t 
o n to the lens, o r (comb inin g the first three factors 
mentioned above) o n the intensity of the image o n the 
ground glass screen of the camera. l\1any ins truments 
for the measurem ent of the t ime of exposure have been 
based o n this method of evaluatio n. \Vhilc, in man y 
cases, both these plans lead to practically identical 
resu lts, it is not difficult to show the inexactitude of 
the principl e and the considerable extent of the crrors 
wh ic h arc caused by its too strict application. I t is , 
in fact, quite obv ious that th e same exposure would be 
necessary for photographing a perso n behind whom 
is placed first a white and th cn a black background, or 
for a charcoal drawing on papcr and a chalk drawin g 
on a blackboard . Y ct, in both thcse exa mples , the 
intensity falling on the lens from the whole subject is 
much greater in the firs t case, for the mean luminosity 
of the image is m uch greater w hen photographing black 
lines on a w hite bac kground than white lines o n a black 
backo-round. T he j udgment of the time of exposu re 
can ;nly, therefore, be based on the luminos ity of ~hc 
darkest shadows in the image thrown on the foc uss1I1g 
screen, but unfortunately th is intens ity is very difficult 
to judge and still more s,? to measure . I t is on ly in 
reversal processes, as fo r dlrect COIOU l' plates and fl lms 
and amateur c inc film , that the exposure should be based 
on the luminos ity o f the brightest parts o f the subject. 

2 I t is necessary to add t.o the factors affectin g the 
illumination the alt itu de of t.he subject and of the 
operator. The exposure necessary is considerably 
s malle r in tl10untain s than below, ow ing to the 
decreased absorption o f the so lar rays by t.he at.mos
phere. As;t rough approximat ion, the foll owing relat ive 
values o f th e time o f exposure may be accepted fo r 
plates and fi lms exposed with out interpositio n of a 
coloured filter-
Altitude . . . oft. 3,000 ft. G,ooo ft. 9,000ft. 12,00o ft. 
Relative time of ex· 

• 0'75 0·66 0'50 0'3 posure . • 
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illumination t o an appreciable extent. In an 
interior, for example, the illumination is much 
more efficient if the walls and hangings are 
bright and of colours which are actinic to the 
type of emulsion in use . 

The intensity of the image varies only slightiy 
with the distance of the object from th e lens 
when this distance is very large, but it rapidly 
becomes less as the obj ect is brought nearer and 
nearer. To compensate for this reduction of 
in tensity , it is necessary, all other factors 

-

Vc ry 

ator n in the fract ion l in expressing the relative 
aperture; in other words, to the square of the 
F number (§ 71). The lens stops are usually so 
graded that, with the same reservation which 
we have just formulated, the exposure must be 
doubled as the next smaller stop in the series 
is used. 

It is necessary to stress the fact that in a 
camera possessing a variable speed shutter, the 
diaphragm must be used merely to regulate the 
depth of fie ld 1 

Scale o f the im age • • · • · small 0'°54 o· 1 1 0' 20 0'25 0'33 0 ' 5 0 0·G0 I '0 
- -- - - - - - - - • 

Dis tan ce from the rn cas tlfcd • focal Ve ry camera In 
le ng ths • • • • • • la rge 20 10 6 5 4 3 2 '5 l 

--- - - ._--
I< clativc ti llH.S of expos ure I I . 10 I '23 1'44 I'56 I . 78 ,., .? ~ 2 ' 7() .1 • • • • - -0 

remaining the same, to increase the time of 
exposure (§ 91). The tabl e given below shows, 
in the case of a fla t subj ect, the relative times 
of exposure for different values of the scale of 
the image (§ 62) and for the corresponding dis
tances between the subject and camera,l the 
di stances being expressed in focal lengths of the 
lens, which is taken as the unit of length. 

In the case of objects or port raits, these 
factors should be considerably increased, for 
small areas of shadow, which it is not necessary 
to reproduce in detail when ph otographing a 
distant object, become so much more important 
in a photograph taken at a short distance that 
a further adj ustment of the exposure is req uired 
to bring out the details d early. F or example, 
when working at 10 focal lengths as compared 
with a great di stance, the best will be obtained 
by multiply ing the exposure not by 1'2 but by 
about 30, the exposure being then given for 
the shadows and not for the h igh-lights. 

Finally, as already stated (§ 90), the intensity 
of the image is proportional, other conditions 
remai ning constant, to the square of the re lative 
aperture. The times of exposure should there
fore be proportional, assuming the reciprocity 
law" to hold good , to the square of the denomin-

l \Vith a teleph oto lens th e measure me nts arc based 
Oil ti le scale of the image only. The d istances should 
not, t herefore, be m easured from the camera but f rom 
the front nodal plane, which frequen tly is at an app re
ciabl e di stance in front o f the le ns . 

:! This rese rvatio n applies mainly to very dimly 
illilm inated subj ec ts , when , fo r instan ce, it is necessary 
to s top dow n to a large ex tent in order t o inc rease the 
depth o f fi eld in an inte rior photograph. The minimum 
correct exposure with very small apertures can be, at 

• 

, I 
, 

Different exposures may somet imes suit one 
and the same subj ect better accord ing to the 
interpretation desired by th e ph otogra pher. 
The optimum exposure will not be the sa me, 
for instance, for a landscape wi th fi gures, 
accord ing as it is regarded as open ai r por
traiture or as a landscape with living fi gures. 

320. Influence of Type of Subject on Time of 
Exposure. We have stated (§ 316) that, in prin 
ciple, the minimum time of exposure is th at 
which produces a useful image of the cleepest 
shadow and in consequence assures a satis
factory rendering of the details in the darkest 
tones.2 

This ru le is nothing but a re-s tatement of 
the old adage, "Expose for the shadows and 
let the high-lights take care of themselves." 
There are, however, a large number of cases 
where the exposure may be considerably less 
than this minimum, as for example in a ll open 
landscapes with entire lack of objects in the 

least with certain e muls ions, co ns iderably greater than 
tha t based o n a calcu la tio n from the expos ure necessary 
fo r the sa me subj ect us in g a much larger aperture (see 
§ 202, footnote). Failure to take into account the 
Schwarzschild law often leads to the conclusio n that 
the li se o f very small stops tend s to in crease t he co n
tras ts, s in ce the calc ula.tion of t he tilll e of exposure o n 
the basis of its in ve rse proporti o nality to the i1ltens ity 
leads to under-expos ure, anu as we ha,'c already seen 
under-expos ure exaggerates the contras ts (§ 318). 

I Amateur cin(~ cameras in which the re is no 3djust
ment o f the shutter apert ure are sOlll c til11f'S fit ted w it h 
ne utral grey filter :j th at reduce the li ght to a kllo\\·n 
degree so as to reserve the diaphragm for its no rmal 
role. 

:! \Ye do no t deal here wi th the case o f di rect pos i
ti ves obtained by reversal (§ 441 ). 
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foreground. 1 The shadows in this type of 
subj ec t only appear on the image as small 
patches, and it would therefore be absurd to 
a ttempt to bring out their detail. 2 

The presence of such details could, in certain 
cases, spoil the effect intended by the artist. 
This would certainly be the case in a photograph 
taken purposely against the light, in which it 
would be unnatural to record sh adow details 
which could not be detected by the eye under 
such conditions of glare . Another such case 
is that of snow scenes, in which it is often much 
more important to exaggerate a little the play 
of the light on the surface of the snow than to 
bring out the deta ils in the shadows, which are 
usually of in terest only for their mass effect. 
In the same way , when making cloud photo
graphs for the purpose of m eteorological studies, 
any landscape foreground may quite well be 
ignored; it will be sufficiently represented as a 
ba re expanse without detail. 

321. Influence of Relative Displacements of 
the Subject and of the Camera. If, during the 
exposure , a m ovement of the subj ect, of the 
camera , or of both at the same time takes place, 
the image will no longer be rigorously sharp, 
and the unsharpness produced will be greater 
according t o the velocity of the image in the 
plane of the sensit ive surface, and also according 
to the length of exposure. In order t o obtain an 
image which appears sharp 3 no point in it 
should be displaced bevond a certain distance, 
and it is only logical t o allow the same latitude 
in this di splacement as has a lready been ad
mit ted in the case of sharpness of reproduction 
of points situated in front and behind the plane 
of sharp focus (§ 76). This, according to circum-

1 If the photograph is taken with a high-magnifica
tion telephoto lens, all obj ect s which stand out in front 
of t he others, even t hough they a re far away from the 
ca m era, shou ld b e regarded a s in the fo regro und, and 
it is, therefore, necessary to bring ou t the detail in the 
shadows. 

2 \Vhcn a bright subj ect is being photographed 
a gainst a dark background it is often advisable to 
under-expose the lat ter [or the sake of su bdui ng u nin
teres t i ng d etai ls. 

:I In pictor ial photogra phy a s light unsharpness in 
the case o f a moving obj ect tends t o help t he sugges tion 
of movem e nt. _Here, however, it is a q uestion of p er
sonal tas te , whic h cannot be expressed numerically. 

On a nega tive taken with a very prolo nged exposure 
(using a slow emu lsion , or a very deep colo ur filter, 
or a very small diaphragm ) there is no tra ce o f the 
image of sub jects that have rap idly crossed the field. 
Thi s pec uliarity has someti mes been utili zed to "elim 
inate " persons walking in fron t of a 1110n umen t or of a 
landscape. 

stances, is about 1/250th in., or about 1/2,000th 
of the focal length . 

If the velocity of the image in the plane of the 
sensitive pla te is v in. per second , then if we 
adopt as the limit of sharpness 1/250th in. or 
F /2,000 (the focal length F bein g expressed in 
inches) , the t ime of exposure t shoulcl be such 
that the product vt is at the m ost equal to 
r /250th in. or to F /2,000 in. 

It is easily seen that the velocity of the image 
on the ground glass screen becomes smaller, 
firstly as the scale on which the subj ect is 
represented is reduced, and secondly , as the 
angle between the direction of its m ovement 
and the optical axis of the lens is red ucecl. 1 

Based on these facts, it is easy to construct 
a table showing, for the m ost usua l cases, the 
maximum time of exposure which may be 
given . 2 

Except in cases of absolute necessity, nothing 
should be attempted if the maximum exposure 
indicated by this m ethod falls considerably 
below the minimum time of exposure worked 
out on the basis of t he sensiti veness of a plate 
or film, or is less than the shor test exposure 
which the shutter in use is capable of giving'" 

In the t able given on p. 215 , the maximum 

1 This is readi ly shown thus . If we call V the a ct ual 
velocity of su bject relative to the camera, 0 the angle 
made between its direction of motion and the opti cal 
axis of the len s, t hen v, t he velocity of the imagc on a 
scale o f magniii.cation nz, is given approxim a tely b y 
v = Vm si n O. The velocity of the image, therefore, 
varies betw een Vm (when the motion is perpendic ular 
t o t h e optical axis) and 0 (when the motion is pa.ralle l 
t :> the axis) . I n this latter case i t is not a q uesti on o f 
the displacement of the image but of a progress ive 
change in the scale of magniii.cat ion. 

2 I t is necessar y t o p oi n t o ut that, when ph o to
grap hing a person o r an animal running, the speed of 
the feet is In uch g reater (general! y dOll b le) t han the 
sp eed of the b ody, except fnr the ins tant at wh ich t hey 
come in contact w ith th e ground. Similarly, when 
t a king p hotographs with a camera i 11 moti o ll (photo
graphs taken from a 1110ving vehicle or aeroplane) thc 
vibration and swaying transferred to the camera, will, 
at certain instants, considerably increasc t he y c locity 
o f the image. 

3 If the image of the subj ect is easi ly visible in the 
view-finde r, it is somet imes p ossible, when th e suhject 
d oes not pass too n ear to the camera, to foll ow a fixed 
p oint in the subj ect w ith the intersecti on of the lines 
or wires (which indicate in the view-find er the directi o n 
of the optical axis) in such a manner a s to cancel o r 
minimize t he apparent velocity of the image in the 
plane of the sensitive material. Under these conditions , 
with an exposure app reciably longer than t he calc ulated 
value, it is p ossi ble to obtain a sharp image of a ll lOvin g 
object, whil e the image of a ll s tation ary objects will 
be indistinct , each p oint in them being di splaced in a 
direct ion para llel t o the movement of the camera. 
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times of exposure are roughly calculated, allow
ing a la titude in sharpness of 1/250th in., and sup
posing that the displacement is at right angles 
to the optical axis of the lens. To convert these 
t imes to the basis of any other standard of 
sharpness it is on ly necessary to mUltiply them 
by the rat io of the new standard of sharpness 
to the one in use . They may be doubled, for 
example, if a sharpness of 1/125th in. be con
sidered sa tisfactory, while, on the other hand, 
they should be halved if a sharpness of only 
1/500t h in. is al lowed. It should be noted that 
if the relative sharpness is calculated from 
1/2,000th of the focal length, the times given in 
the ta ble below shou ld be multipied by the num
erIcal factor F /8 , th e focal length F being ex-

I · . h prcssec. 1Il mc es . 
Wi th a lens of from 4 in. to 6 in . focal length 

(as used in the majority of hand cameras), the 
maxi mum time of exposure, expressed in 
hund,·edths of a second, which will give a 
sharpness of approximately 1/250th in., may 
be calculated in the following manner (E. Pitois, 
1 9 2 1 ) . 

Divide the distance of subj ec t from the camera 
in yards, by the speed of th e objec t in miles per 
hour; multiply this quotient by 0·2 if the dis
placement is at right angles to the axis, by 0·4 
if the displacement is oblique, or leave it as it 
is if t he di splacement is para llel to the axis. 

322. Instantaneous and Time Exposures. 
From the point of view of carry ing out the 
operat ions, there is no real distinction between 
instantaneous and time exposures; it is probably 
more correc t to say that there is no such thing 
as a n instantaneous exposure. Every negative 
is more or less exposed; a negat ive which has 
been exposed for a long time may still have had 
insufficient exposure, while a negative exposed 
only for a few thousandths of a second may be 
over-exposed. 

A misunderstanding, probably due to the 
wonderful promises made by certa in dealers, 
has led many novices t.o believe that, once 
possessed of an instantaneous (snapshot) camera 
t hey have only to press a button to obtain 
excel lent photographs with certainty in about 
1/25th second, whatever the time or place, 1 

even though it be in the depths of a tunnel, or 
on a moonless night! 

323. Practical Determination of the Time of 
Exposure. The professional, e.g. the s tudio 
portraitist, who is always working in the same 
place on subj ects which d iffe r very little one 
from another (photometrically speaking), is 

MAXIM U M TIM ES OF E XPOSURE (fract ions of a second) 

Subjec ts. Distance o f subject from 
Velocity the came ra in foca l len g th s Perpendicular 

d isplacemen t to th e in miles 
per hour optical ax is 50 <00 5 0 0 

, -
Sw immer • • 2 ! 1/200 l i mo 1/2 0 
\Valker · • • 3 1/300 1/ 150 1/ .10 
Ru nner • • • 1:Z ! 1/ 1200 1/600 1/ 120 
Cyclist • • • ' ; l / q OO 1/ 700 l / qO 
Skate r • • • , 8 r /2 .')00 1/ 1250 1/25 0 

Horse w;llkill g • • 4 1/400 1/ 200 1/ .t o 
Horse tro tti ng • • 9 1/ 1000 1/5 00 1/ 100 
Horse galloping • ' 9 1/2000 1/ 1000 1/200 
Race horse • • 3 ' I IJOOO r/ l S00 1/300 

\Va ves • • • 15 I / q oo 1/700 I / q O 
Heav v waves • • 44 1/ 4000 1/ 20Q() 1/400 , 
Boat makin g: 10 kn ots I 10 1/900 1/450 I /QO 

'0 , 
20 l / r800 1/g00 1/ 180 " " , . 

Street tramca r • · 9 r/800 1/ 400 r/80 
i'.l otor-caron roat]! • 3.\ 1/1000 1/ 1500 r!Joo 
Slow train 1 • · 2\ 1/ 2000 r/ lOoo 1/ 200 
Express tr:l in 1 • • 60 1/5 000 1/ 2 500 rlsoo 
Aero plane 1 • • 95 - r/ .tooo r/800 

1 The same times arc applica ble to a la ndsc:l pc photogra ph taken 
from any o f the above means o f transpor t, as long as the fore gro und is 
at a correspol1d ing dista nce away. The times of e xposure may he ill 
c reased by one -half w hen the d irection o f mo tion makes an angle o f 
a pproxima tely 45° with the o ptica l :l xi s ; they ma y bc three times as 
long when the d irection is pa ra llel to the o ptica l axis. 

very soon able to acquire the practical experi 
ence which enables him, almost instinctively , 
to estimate the time of exposure with an 
accuracy which nearly always brings it within 
the limits of normal exposure. This is more 
particularly the case in portraiture, where the 
res tricted range of contrasts increases the 
latitude of exposure. 

The amateur, wh ose photography is done 
only during the best months of the year and 
who confines himself almost entirely to subj ects 
of the same characte r, frequently attain s, but 
not without spoiling an appreciable number of 
plates or films at the beginning of each season, 
a certain skill in judging the exposure, roughly, 
it may be, but closely enough to enable him to 
obtain sat isfactory negatives. 

This is not the case with the ph otographer, 
who, from necessity or choice, attempts succes
sively a very wide range of subj ects, sometimes 
exterior, sometimes interior, nor with the 
worker who through force of circumstances has 

1 In fine weather in the ope n, nearly all th e objects 
within the fi eld o f view may be readil y seen if the eyes 
are open and shut as rapidly as poss ible. In bad light 
the same instantaneo us blinking o f the eyes will reveal 
only those objects which are more stro ngly illum inated 
than the rest; the whole v iew will be seen only after 
a long and cl ose inspection . The photographic plate 
behaves very similarly. \ Vc po int out this obvious fact 
in order to bring beginners to a proper understandi ng 
of the possibilities of their cameras . 
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to operate in a climate to which he is unaccus
tomed. Under these condi t ions, t hrough errors 
o f judgment, th e exposures very frequently fall 
outside the lim its of normal exposure, causing 
a high proport ion of useless negatives. 

Since the time of exposure is easily ascertain 
able with a suf'fi cien t accuracy for a ll practical 
purposes, I the photographer can find n o excuse 
when he makes a large error in the time of 
exposure through failing to use an exposure
mcter, t he price of which will not exceed that o f 
lwo or three dozen plates or film s, and may be 
much less t han this. 

[n order to obtain the ma ximum benefi t it is 
necessary to choose an exposure-meter based on 
a logical principle. In the followi ng paragraphs 
we will describe the principle of t he various 
ty pes of instruments constructed for the deter
mination of the time of exposure.2 

324. Acfnometers. 3 By exposi ng a piece of 
se nsitive paper of standard qua li ty to light, and 
mcasuring the time taken to produce a tin t 
ident ical with a standard comparative tint, it 
<::an be assumed, to a close approximation, tha t 
the in verse o f the t ime of printing-out is a 
mcasure of the intensity of ligh t, at the point 
at whi ch the paper is exposed (Soleil, r842; 
13u nsen an d n. oscoe , r 862) . 

Such devices, combined with a calculator 
which converts t he time taken to print out into 

lOwing to the di sproporti on between t he intensities 
of v i ~ ibl c rays and of infra-red in day lig ht, exposures 
fo r infra-red photography call be measured only by 
moan s of a photo-electric exposure meter of which 
cell, se ns itive to infra- red, must be co vered with a 
lilte r identica l t o the onc m o unted on the lens . 'I 'he 
exposure meter mlls t be specially scaled. 

:! A sys tematic compariso n of a large number o f 
cxpos urc-rncters of Germa n , English, and French 
orig in, made in 19T 5 at Prague T echnical School, by 
J. N[ ilbauer, showed, over a ver y wide range of different 
cases, the fotlowing proportio ns of complete and scmi-
s u ccesses-

A cti no metcrs, 
. 

print-out u:j lllg 
paper • • 

A eli nOlllet crs, appea rance of 
i mage type • • 

Extinc tio n (visua l) exposure 
meters • • 

Talli es and calculaturs • • 

S uccesscs 

77 % 

57 % 

45 % 
54% 

Scmi
s uccesses 

1 00/0 

13% 

28% 
-"I< J 0 

3 Actinomete r pape rs differ frOI11 the usual direc t 
print-out pape rs, whi ch conta in s ilve r chl oride in 
presence o f excess of si lver nitrate as the sensitive 
substan ce, in t hat t hey contain no s ilver nitrate (th is 
salt d ocs not a llow th e paper to be stored for any 
length of time). They usually contain e ither s ilver 
bro mide o r iodide to which is added a chem ical sens i
t izer, such as sodium nitrite, tannin, etc . 

the time of exposure, were introduced into 
photographic practice by A. W atk ins (r893). 

If the speed of the sensitive paper is constantly 
proport ional to that o f the emulsion employed, 
which assumes thal they possess similar chrom
atic sensitivi t ies and identical laws o f 
darkening, then the time taken by the paper to 
reach the stancla rd tint , when the actinometer 
is placed in the subj ec t perpendicular to the 
optical ax is, will be constantly proportional to 
one of the t imes o f exposure which would be 
sui table for the reprod uction of a scale of tints, 
ranging from black to whi te, placed in the same 
posi tion with respect to the camera as the 
actinometer. It is assumed that the scale of 
tints is kept at a constant distance from the 
camera (or at a distance suffic iently great as to 
have no effect on the t ime of exposure) a nd that 
the lens is used a lways a t the same relat ive 
aperture . It is an easy matter to calculate the 
equivalent time of exposure , if anyone of these 
factors be altered, or if an emul sion of di fferen t 
sensi ti vi ty be used. 

Now, if a scale o f tints momentari ly attached 
to the subj ect is correct ly reprod uced, then th e 
subj ect a lso will most probably be correc tly 
reproduced. In the many cases where the time 
of exposure is determined by the intensity of 
the shadows of the subjec t, which is mos t 
usua lly the case wi th photographs t aken at a 
shor t distance, the correct position for t he 
actinometer will be in t he shaclow (the shadow 
of the subj ect , or, more easily, the shadow of 
the operator); when dealing with panoramic 
views with out foreground or very contrasty 
subj ec t s, where it is only poss ible to reg ula te 
the time of exposure according to the high-ligh ts 
of the subj ect , the act inomete r must be exposed 
to the sun. 1 In either case, as already pointed 
out, it must be directed towards the camera. 

It is obvious that none of the cond i tions we 
have assumed is rigorously fuHilled (in par
ticular, the sensitive m aterials vary considerably 
in sensitivity from one make to another), ye t, 
owing to the fact t hat th e range covered by 
normal exposures is a fa irly extended one, the 

1 T he a ctino meter may even in thi s case be exposed 
in the shadow, in ord er to avoid a too rapid darkenin g 
o f t he paper, which r end ers the measllrement of th e 
actinometer ti'me (ti me of d arkening) very difficult; it 
is then necessary, h owever, t o divid e the time of expo· 
sure calculated in thi s mann er b y a suitabl e number 
d e termined frl?ll1 a large nu mber of experim en t s. The 
same procedure mu st be followed in those cases, SlIch 
as photographs taken again s t the light, where no 
logical position can be ass igned to the actinometer. 
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divided scales on the calculator has been 
reduced t o two, owing to the choice of a very 
ingenious method of expressing numerically the 
speed of the various plates or fi lms. If a certain 
emulsion is said t o have a (mean ) sensitivity of 
F/90, then the minimum time of exposure for 
th is emulsion on a suff1ciently distant subj ect, 
with the aperture stoppecl down to F/90, would 
be equal to the actinometer time. On t his 

indicat ions furnished by the actinometer lead 
in the majority of cases to satisfactory negatives. 
Objection may be made even to this method 
for the measurement of the time of exposure, 
since in ve ry bad light the actinometric time, 
as well as the time of exposure, is very prolonged,l 
so tha t wide variations may occur between the 
beginning and th e end of the exposure. It is 
more especially with in terior subj ec ts that th is 
objec tion is valid, but it may be easily met 

" December..\ ',' by choosing an aperture such that the time 
of exposure will be eq ual t o the actinometer 
time. The exposure is then started at the 
same time as the paper is uncovered, and 
continued until the stanclard compari son tint 

Novembe~ .. ~~: 
October ___ .p: 
September.\ :: 

is reached, the actinometer th en fu nction
, ing as a light integrator, thus permitting the 

exposures to be ascertained however much 
the source of light may flu ctuate . 

AugusL __ ! ~: 
, f-+ 

The act inometer is normally used in con
junction with a table indicating the relative 
sensitivities of most plates and fllms, and a 
calculator which converts the time of ex
posure determined for anyone aperture intu 
th e equivalent time of exposure fo r any 
oth er aperture . 

July ______ ~I+J -'rf---

, 
June __ .. __ {:l 
Ma!J------ -- 1 

'I-' 

These instruments are usually arranged to 
indicate the minimum time of exposure. 
H owever, in order to allow for the various 
sources of error, and taking into account 

Apr; ,. _____ j:: ~ 
, f-+'-c 

March_ -___ j" ~ , 
Februar!j __ j " 

, -f---->rr the fact that errors on the over-exposure 
side are less prej udicial t o the fina l rendering 
than errors on the under-exposure side, it 

Januar!l-__ l ~,: 
December.J 11 

is advisable, for all subj ec ts other than 
those of exceptional contrast , to double the 
time of exposure calculated from the actino
meter. 2 Do not omit, where it is necessary, to 
take into account the coefficient of the colour 
filter employed. 

In the Wynne actinometer , the number of 

1 In order to shorten the preliminary operation, the 
act ino metcrs lIsually contai n a n aux iliary comparison 
tint which the paper reaches, during the darken ing 
process, in one qllarter of the actinometer time . (Let it 
be noted in thi s connection t hat in very bad ligh t 
photometers and ex posu re tabl es give o nly very doubt
ful indications.) \ Vhen judging the equality of the 
tints, attention sho uld be paid to the depth of the t int 
rather than to its colour, whic h varies s lightly accord ing 
to circumstan ces . T he actinometer should, therefore, 
be held at arm':; lengt h with the eyes partly c losed. 

:! This last recommendation docs no t apply to 
revers ible ernulsions (Autoch romc, amateur cinemato
graph films), in which t he latitude of exposu re is very 
res tricted. I n t hese cases the time o f ex po.sure indicated 

. by t he act inometer, a fter making any of the necessary 
corrections fo r distance or for ex ceptional subjects , 
shou Id be adopted. 

., . 
FIG. 1 69 . CUHVES OF EQUAL LIGHT-VALUES 

(Greenwich l\l ean Ti me) 

basis, one of the scales is used both for the 
sensitivities and the apertures, while the other 
indicates both the actinometer t ime and the 
time of exposure (both being expressed in the 
same units) . By bringing the observed actino
meter time opposite the sensit ivity of the 
emulsion (indicated on a table suppliecl with the 
meter) the times of exposure corresponding to 
the various apertures are then found opposite 
to one another. 1 

1 ~Mention may be made of the type of ac t inomet.er 
in which the paper is exposed for a fixed time in a very 
compact small camera directed towards the su bject. 
T he d epth of the image so formed (sky excepted ) is 
matched with one o f a num bered scale of tints, and th e 
op t im um time o f exposure co rrespon ding to th ~ number 
so obtained is then read off from a tab le. Since these 
actino meters measure th e ] umino~:itv of the irnage, 
and not t he intensity of the su bject, they are based on 
an inex act principle (§ 3I 9 , footnote) . 
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325. Photo-electric Exposure Meters. The 
advances made in the const ruction of dry photo
volta ic cells" whi ch emit under the influence of 
light a n electric current sufficiently strong to be 
measured wit hout the need for amplifiers, has 
made it possible, by associa ting such a cell wi th 
a specially graduated micro-ammeter, to pro
duce luxmeters and then, by observing certain 
precautions, ex posure meters in the precision 
a nd automatic charac ter of which there is 
sometimes an exaggera ted belief. 

The sensitivity of the cell is not a lways con
stant. In pa rti cular , a phenomenon of exhaus
tion a ppears if th e selenium layer emits current 
fo r a long time under the influence of a st rong 
light ; sensiti vity increases when the tempera
ture ri ses; and , fin ally , the ammeter may be 
put out of order, unknown to the operator, 
through a knock or repeated vibrat ions. 

Spectral sensitivity is not very different from 
t hat of the eye and is, therefore, very different 
from tha t of photographic emulsions. The use 
of a correc ting fi lter would considera bly reduce 
the sensitivity of the cell, for this filter would 
have to be very absorbent. The information 
given by a photo-elect ric exposure meter can
not therefore be more relia ble than tha t of a 
good ext inction meter. 

\ \ 'hile ac tinometers usually measure the light 
received by the subj ec t, and extinction meters 
t he light reflected by a given area of the subj ect, 
photo-electric exposure meters can be used 
either way, but the instruments supplied to 
photographers are arra nged to measure the 
average in tensity of the light refl ected towards 
the lens by the whole of the subj ect and its 
se tting .2 To do this it is necessary to eliminate 

1 T he most sensit ive cell s of t hi s t y pe a rc a t p resen t 
( 1 ~)36) mad e by d epositing on an iron s trip for m ing 
t he a node of t he ba ttery , a ve ry t hin laye r of selenium , 
wh ich in turn is covered by a t ran sparen t layer of 
s ilver form ing t he ca t hode. T he sensitiv ity is a bou t 
1 20 micro-amperes per lu men , i .e. abo ut 5 m illi
a m peres in sun sh ine for a n acti ve sur face o f a bout 
4 C Ill . ( l ·G in .) dia mete r. vVhe n t he resist a nce of t he 
exterio r c ircu it (ammeter a nd, possib ly , rheostats) 
is neglig ib le (a bou t 3 oh m s) t here is a proportio n be
tween the current emi tted a nd t he light received, up t o 
a bout 2 , 500 lux . Sensitivit y d ec reases whe n t he resist 
an ce is in creased. B y ra is ing t h is to a bout 1 , 0 00 o hm s 
the current only var ies s ligh tly a t med iulll illumina
ti ons, b u t it dec reases a good d ea l in s t rong light (fro m 
360 to 160 micro-amperes for an illuminati on o f 2 ,500 

lu x) . T h is is a n ad va ntage, as t he scale can be less 
spaced without reduc ing accuracy in weak light (G . B. 
H a rr ison , I933). 

2 T o measure long exposures or long per iod s o f cop y
in g, such a s t hose occurring in phot om echa nicai work , 
use is mad e of a li ght in tegrat or fo rm ed by li nking a 

a t least the major portion of the light reaching 
the cell from an angle exceed ing th at of the 
view angle of the camera; it is especia ll y neces
sary to stop the light from the sky l For this 
purpose the cell is fitted with a very deep hood, 
or with a cellular louvre, or wi t h a ribbed glass 
tha t refl ects tota lly very obliq ue beams ; a 
convergent lens is sometimes placed in front of 
the lou vre to concentra te the light 0 11 a ce ll of 
small size. 

In photography wi th reversible emlllsions, 
where the exposure depends only on t he bright
ness of th e lightest parts of the subj ect , a sheet 
of white pa per or a sheet must be tempora rily 
spread in t he subj ect, and the cell must be 
brought suffic iently near to this screen to receive 
only the light reAected by it, t he inst rument 
having been calibra ted in these conditions. As 
a matter of fact the use of the exposure mete r 
in the usual conditions gives sa tisfactory resul ts 
wi th a large number of open ai r scenes, havi ng 
roughly th e same range of extreme luminosities, 
but is a t fault in the case of very cont rasty 
su bj ects, and especia lly interiors. 

In some cameras of recent construction a cell 
regulates a utomatica lly the opening of t he iris 
diaphragm (cinema cameras with a fixed shutter 
speed , O. H.iszdorfer , 1935), or ind icates wh ether 
the adjustments made to the shutter and d ia
phragm are suited to the subj ect a imed at a nd 
to the speed of the sensitive emulsion. In this 
case, each of the adjustments, and, possibly, a 
pointer moving in front of a speed sca le,2 
are linked up wit h a rheostat pu t in t he circuit 
of the micro-ammeter or wi t h an arrange
ment of shutters limiting the act ive area of the 
cell. The condition chosen are considered suit
able when the pointer touches a fixed ma rk or 
the req u isi te line of a sca le gradua ted in em ulsion 
speeds. 

cell (of comparatively la rge dim ensio ns), p la ced at the 
s ide of the d oc ument t o be reproduced ur at t he s id e 
o f the co py ing fra m e, wit h a n e lectric record e r which 
ad d s up o n an app rop r ia t e sca le t he a mou n t s o f lig ht 
received b y t he cell , irrespective o f th e flu ct uatio ns of 
the intensity o f the ligh t . If required t he reco rd e r can , 
by m eans of a relay, g ive a s ig na l, c lose the sh u t te r , or 
s wi tch off th e lamp s, a s soo n a s t he cell has rece i ved a 
g iven amount of ligh t. 

I. If a v iew-fin der is not fitted the re is a lways a fa ir 
d egree o f uncert a inty regardi ng t he di rection in wh ich 
a. photo-electri c mete r is po inted when measuri ng 
the ligh t un less t he m eter is a n in tegral part o f the 
ca mera . 

2 The adjustmen t for t he emul sion speed ca n be 
worked a utoma tica ll y by projections p la ced in suita ble 
position on t he cha rger con tai ni ng the fi lm (J. i\li ha ly i, 
I 93 4)· 
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326. Photometers or Extinction Exposure 
Meters. The commonest type of exposure meter 
used visua lly most usually employed for t he 
determin a tion of the time of exposure , consistsof 
a neut ra l g rey or deep-blue filter of varying 
density (prepared, for example, from a ve ry 
acute-angled prism) t hrough which th e subj ect 
is viewed direc tly, the density of the filter being 
progressively increased unti l the outlines of the 
subject become submerged . A number indi 
cat ing the illumina tion of the subj ec t is read off 
from a poin ter attached to th e movable filter, 
and the time of exposure recommended for the 
working condi tions adopted m ay then be ob
tained from a ready- reckoner usually fi xed to 
th e instrument . In spite of t he precaution taken 
in some t ypes of t his instrument to fix a very 
small aperture in t he eyepiece to coun te ract the 
error resulting from the dila t ion of the pupil in 
poor light ,! it is im possible to compensate for 
the increase in sensiti vity of the retina which 
occurs under the same conditions. This in
va riably leads to an over-estimation of the 
illumina ti on of a poorly-lighted subj ect . and in 
consequence the choice of t oo short an exposure. 
It has often been proposed t o reduce by a half 
the time of exposure found by this method in 
good ligh t , and to double it in poor light . 

Bet ter results a re obtained if the eye is kept 
at an a lmos t constant adaptat ion, as, for 
instance, by surrounding the patch under 
examina tion by a larger a rea illumina ted by the 
environmenta l light. 

Other photometers , instead of being used for 
direct viewing of the subject, a re applied to the 
focuss ing screen of the camera and are so ar
ranged that gradually-increasing series of den
sities m ay be brought between the image of 
the subject and the eye of the observer , until 
the details in the region of interest just begin 
to disappear. The same obj ect ions apply to 
these inst rumen ts. 2 

1 An ex posure meter has been suggested, u nder the 
name of pupillo-photometer (Brynhi , 19 10), based on 
the meas urement o f the diam eter of the p upil , b ut the 
resul t s a rc scarcely morc satis factory. 

2 Similar resu lts may be obtained by darken ing the 
image , n o t b y the interposition of filte rs , b ut by closing 
t he iris diaphragm CPo D clcn s, 1895) . H aving focussed 
t he ca mera on the subject , t he len s is closed un ti l t h e 
shadow details which it is des ired to reproduce just 
b egin to di sappea r. (It is preferab le, when using orclin
ary emulsions, to make the observation through a 
b lne fi lter in order t o compensat e a l itt le for the diffe r 
ence between the v isua l and actinic intensi t y of t h e 
light.) \ ;Vi t h this apertu re, several negatives of t he 
same sub j ect are taken w it h varying times of exp osure 
{prefera b ly of exposures p rop ortion a l to the n umbers 

EX POSURE TA BLE S 

In F ig. 169 read the letter on the curve which 
passes neares t t o t he point corresponding to the 
da te and the time. Then, in Ta ble I unde r this 
letter, read the number which corresponds to 
the a tmospheric condi tions (thus, 1St May a t 
4 p.m. , curve F; Iigh tly-douded sky; 10) . Now, 
in Table II ta ke the number referring to t he 
pa rticula r t ype of subjec t (for example, group 
Jl1 the open: II ) . In T able III find the number 
corresponding to the size of aperture (lens a t 
F/S·6 : 12) . Finally , add these three numbers 
together, 10 + II + 12 = 33, and, in Ta ble IV, 
read the time of exposure opposite this total 
(,'oth of a second). 

T ABLE I 
ATi\'10SPHER I C CON D ITl OKS 

. 

Letter w ritten o n curve, 
Fig. r 6g · • • A B C D E I' e II I 

c lear sky, bright su n-
shine • • · , , 3 4 5 (, 8 .. " Weak surllight · · 3 4 5 6 7 8 <0 " q 

Sky lightly covered 
with white c ~ouds · 7 8 8 9 9 <0 " '4 , 6 

Overcast · • • 9 w w " " ' 3 ' 5 ' 7 '" I I • . -
The first line should only be used for ve ry 

open subj ec ts (panoramas, m arine v iews, etc.) 
where the foreground is of no interest; in all 
other cases, use the second line instead. 

T A I3L E If 
SUB) ECTS 

Sea or snow 
Sh ips on sea, glaciers a nd roel.;s 
P anoramic views-

vVithout fol iage • • 

"Vith foliage • • • 

l\1o n umen t s, g roup s, street scenes 
N ear forest scenery • • 

Shaded cou r tyards • • 

\ Voodl a nd scenes-
L ight • • • • 

D a r k • • • • • 

T ABL E III 
DI AP HRAGM 

. 

10/ I . 5 . 0 Fi4 • 9 Fi8 
10/2 • 3 10/4' 5 • TO 10/9 
Fi3 • 6 F /y6 • I 2 F / ll 
F /3'5 . 7 F /6'3 • ] 3 F / 16 

• 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• 

• , -.) I :; 2 2 

• 10 FJ3 2 

• 18 F /45 
• 2 I Fj6 4 

-

• 

• 

• 

• 

• 

· 
• 

· 

· 

I 

6 

4 
6 

I , 

1 2 

'4 

18 
24 

2 

2 

3 

4 
7 
o 
3 3. 

l'i.13 . For very nca r s ubjects, in crease t he t ut al 
ob tai n ed by I t o 6 units (t he latter inc rease applies to 
the case o f a small obj ect repro c1 \tced in nat ural s ize). 

1 , 2, 4, 8, 1 6 , . . . ) . A fter developmen t , the bes t t ime 
of expos ure ca n b e easily ascertained for the par ticular 
em uls ion in usc, and it can b e read ily seen that t.hi s 
will be th e most sui table exposu re for any other subj ect 
if the aper t u re has bee n r educed until the shadow 
det ai ls just begin t o d isa p pear. I t is t hen a simple 
m att er t o work out the time of ex pos ure for any other 
aperture. 
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TABLE IV 

T hese exposure times apply to very f ast roll-fi lm 
(orthochromat ic emulsions) . 
-

T otal Time of Exposure T otal Time of Exposure 

-

J 2 Ij roooth o f a sec, 43 J sec . 
' S l /sooth " " 46 2 

" 20 , / 200th 
" " 49 4 " 

23 ' / TOoth " " 
-2 .) 8 

" 26 ' / 50th -- , 6 
" " jj " 28 1/ 25 t h 
" " 58 32 

" I / TOt h 6 1 • 

33 " " I nlln. 

36 1/5 t h 
" " 64 2 

" 
40 1/ 2th " " 67 4 " 

The obj ections made to extinction exposure 
meters do not apply to the actual photometers 
in which the lighting or brilliancy of any chosen 
portion of the subj ect is compared with a known 
lighting or brilliancy. The best results are then 
obtained by measuring the brilliancy of the 
darkest pa rt t ha t must be differentia ted from 
black (or, in the case of reversible emulsions,' 
by measuring the brilliancy of the lightes t part 
that must be differentiated from pure white) ; 
the sta ndard of comparison may be, for instance, 
the brightness of the filam ent of a miniature 
electric lamp with a varia ble current supply , 
or th a t of a screen kept luminous by radio
ac ti ve salts, t he equivalence of the two areas 
to be compared being obtained by moving a 
neutral grey wedge, suitably gradua ted, or, 
possibl y, by adjusting a d iaphragm if instead of 
inspecting directly one of the areas, its image, 
formed by a lens, is inspected. 

327. Exposure Tables. The tables indicate the 
probable time of exposure under conditions 
which, in as far as it is possible to define the state 
of sky and the characteristics of a subj ect by a 
few words, a re comparable to those under which 
it is proposed to .operate. They are, above all, 
useful to th e beginner, who, in his first attempts, 
has no idea as to whether t he exposure should 
be of the order of a seco nd or of a minu te. 

1 I-l av ing measured a lum inosity o f th e subject very 
close t o the maxim um luminosity, t he lise o f the adjust
ment advocated wo ul d lead to t he p lacin g of that a rea 
towards the midd le o f the straight portion of the 
density cur ve a nd not, as wo uld be desirable, in th e 
upper portion . The range of the luminosities that a 
revers ible emulsion can di st ingu ish being near to 1 00, 

it is necessary to rnultiply by 1 0 the exposure (or area 
of d iaph ragm) ind icated . No correction would be 
needed if, for th is particular u se , the window of the 
p hot ometer were fi tted with a grey fi lter of density 1 
(P . C. Sm ethurst, 1935) . 

They are also of service to those who take Up 
photography only occasionally, and can hardly 
therefore make use of past experience. We have 
already pointed out tha t the use of these ex po
sure t ables gives a probability of success about 
equal t o that obtained by the use of a photo
met er. 

The exposure tables indica te , in separate 
columns, the values of the light at various periods 
during the year, and at various hours of the 
day for different conditions of the sky, the 
factors corresponding to the different lens aper
tures, and those app.licable to the diffe rent 
classes of subj ec t according t o the probable 
illumination of the shadow (near scenes) or of 
the high-lights (distant scenes) . In some tables 
the numbers taken from each of the tables are 
multiplied together , their product representing 
the probable time of exposure for a certain type 
of emulsion. In other tables the numbers are 
added (an operation which is much more easily 
carried out in the head), a fin al table then 
indicating, opposite each of the possible totals, 
the corresponding times of exposure (Additive 
Number Tables of E. Huillard and E. Cousin, 
1894). Finally, in other methods, the conditions 
rela ting to each of the factors are arranged along 
a scale or around a disc or circular calculator. 

It is first essential to point out th at an 
exposure table is only serviceable in the district 
for which it has been compiled, or at leas t for 
districts of the same la titude if due correction 
is made for the variation in time. Further, the 
t ables are very unrelia ble in bad light. Usually 
they give no indication of t he time of exposure 
necessary for interior work, for the number of 
special cases which arise makes any attempt a t 
description impossible. 

The exposure tables given here, which are 
calculated for the Paris 1 district, are also 
applicable, without any modifications (b ut with 
the reservations mentioned in the previous 

1 T he curves in F ig. r69, w hich supply the data for 
use in t he table headed A tmosphcric Conditions, each 
refer to a def1l1 ite height o f the sun above t he horizo n. 
T his may readily be determ ined b y measuring the 
length of the shadow cast on a horizontal plane b y a 
s t ick one yard in length. Such values corresponding 
to this series o f curves are give n in the foll owing table 
u nder thei r respec t ive letters . It should t hu s be an 
easy matter to ex tend t he lise of these talJlcs to other 
reglOns . 

Curve . . . 
Lengths o f the shadow of 

a stick one yard in length 

I A n c DEfG H I 

I l'S '2 3 4 6 yds. 
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paragraph) to the north and centre of France . 
and to the south of England. The values should 
be increased in th e north and decreased in the 
south. Do not omit, when summer-time is in 
fo rce, to subtract one hour from the time indi
cated by watches and clocks, in order to obtain 
the truc timc. 

328. The Exposure. Having determined the 
time of exposure, set the shutter to the" speed" 
which approximates most closely to the req uired 
value. Place the plate-holder in position , with
draw the slide, and then release the shutter. 

As a general rule, t imes of exposure exceeding 
,I"th second cannot be given unless the camera 
is fixed on a tripod or some equivalent support. 
The beginner will be wise t o refra in from giving 
any exposures exceeding /u th second with the 
camera held in t he hands. 

When working with a hand camera, the 
elbows should be pressed firml y against the 
body to form a support for the fo rearms,l and 
the breath should be held at the moment of 
releasing the shutter. 

As soon as possible after the exposure, replace 

the slide, and remove the plate-holder (or, in 
the case of a changing box, change the exposed 
plate or film without delay). 

The beginner and those who are using a new 
camera for the first time, or a type of emulsion 
to which they are unaccustomed, cannot be too 
strongly advised to make a note after each 
exposure of the conditions under which the 
operation was carried out (lens aperture, the 
time of day, exposure-meter reading or descri p
tion of the atmospheric condi tions, colour fi Iter 
used, time of exposure), in order that any errors 
which arise may be readi ly correc ted in the 
fu ture. 

H is also advisable, when taking consecutive 
photographs of a series of subj ects which cannot 
be readily identi fIed, t o note down any necessary 
information concerning each subj ect. This will 
avoid confusion in identifying the negatives. 

1 Folding cameras of t he K lapp type can o ften be 
supported with one hand, the camera bein g supported 
in the crook o f th e arm. The other hand is thus left 
free for any other manipulation as, for exampl e, the 
release o f a flash . 

• 



CHAPTER XXVII 

DESENSITIZING OF PHOT OGR APHI C EMULS ION S 

329. Use of Coloured Developers. Carey-Lea. as 
far back as 1877, showed that after immersing 
a photographic plate in ferrous oxalate developer 
i t was poss ible, without ri sk of fog, to illuminate 
the da rk-room much more brightly than would 
have been possible d uring the handling of the 
same plate when dry. This effect was att ri buted 
to the orange- red colouration of t he developer, 1 

and little attent ion was paid to it, since the 
emulsions were so insensitive that in all cases a 
bright illumination could be used. 

About 1889 various attempts were m ade to 
introduce into photographic practice the use 
of developers which had been coloured red by 
the addition of certain dyes, these dyes being 
subsequently des troyed in an acid fixing bath 
(cora lline, croceine). The method, however, was 
not successful, since the dyes transmitted both 
blue and violet light. In 1900 A. and L 
Lumi ere and A. Seyewetz, with the same object 
in view, recommended the use of an orange
coloured compound, magnesium picrate, which 
allows the development to be observed at a 
distance of about 18 in. from a candle or at 
about 5 ft. from a 16 c.p. lamp, provided 
development is sufficiently rapid and the plate 
remains covered by a laye r of developer about 
} in. thick. If these distances are doubled, it 
is poss ible to remove the negat ive from the bath 
and examine it very quickly by transmitted 
light. This method of working, although it 
afforded interest ing demonstrations, was not 
used in practice. 

330. Loss in Sensitivity of Emulsions Impreg
nated with Developer. After the use of organic 
developing agents h ad become genera l, it was 
frequently pointed out that after the developing 
bath had thoroughly impregnated the emulsion 
a considerable lowering of sensitivity took place, 
which could not be explained in these cases by 
any colouration of the bath. In 1901 LLippo 
Cramer carried out some experiments in this 
direction (using the different developing agen ts) 
and discovered that t hi s action occurred with 
nearly a ll t he m ost common developers (with 
the exception of hydroquinone), both in pla in 
and alkaline solu t ions, and that sulphite tended 

1 I t has s ince been recognized that fe rrous oxalate 
d e vel oper is a ver y effIcient desens itizer. 

to reduce the effect. In 1920 the same worker 
found a very marked reduction in the sensi tivity 
of photographic emulsions 1 (reduced to I /50th 
or I / I OOth of the original value) afte r t hey had 
been bathed for about I minute in a pure 
soluti on of diaminophenol-hyd rochloride of from 
0'02 to 0'05 per cent streng th, although no 
reduct ion in the latent image resul ted from this 
treatment. An analogous effect m ay be obtained 
by the addition of this product to a hydro
quinone developer; it was soon recogni zed that 
this desensitizing was due to t races of oxidat ion 
products, wh ich a re rapidly formed by the action 
of the a ir on dilute solut ions of thi s developer. 

331. Desensitizers. During furth er experi
ments on thi s phenomenon, LLi ppo Cramer dis
covered, several months late r, the remarkable 
desensitizing properties of phenosa fra nine, a 
v iolet-red dye of considerable tin ctori;tl power. 

It was soon shown that the desensitiz ing pro
perties of phenosafranine a re possessed by 
various safra nines a nd, in varyi ng degree, by 
different substances of similar constitution. 
TIle red colour of some of th ese substances might 
lead to t he supposition that the protect ion 
from fog is due to the absorption of the ac tive 
radiations by the dye im pregnating the emul
sion. This is not the case, however, for the 
efficiency of these desensitizers is practi cJ.lly 
as great with panchromatic as with ordin ary 
emulsions, and, secondl y , a sensitive plate 
exposed behind a ce ll con taining a soluti on of 
the dye , even in concentrat ion g reater than tha t 

1 R. Freu nd (I908) sh owed that t he sens itivity o f a 
se ns itive plate was completely destroyed by treatment 
with a so lution of potassium iodid e, so mu ch so that 
development could be ca rr ied out even in very bright 
white light, but at the same time a mar ked weak en ing 
of the latent image occu rred . Since th en F. P . Renwick 
(1920) has shown that it is p ossible to a vo id a ny des
tru cti on of t h e latent image by the addition of certain 
sub stan ces to the iodide. The sol uti on reco llllllencied 
contain s, per 20 O Z., 90 gr. of potass iulll iodide, 90 g r. 
of anhydrous sodium s ulphite, and 260 g r. o f potassium 
sulphocyanide . After several minutes ' immersion, the 
p late is rinsed. D evelopment can then b e carried out, 
even in s unlight, with any o rdinar y diamin ophenol 
developer made up w it h sod ium carbonate jus t before 
usc. It shou ld be added, h owever, that althou gh th ese 
cxperi mcnts may be o f interes t, total desensitizing 
d oes not present any advantages over the method s o f 
partial desensi tizi ng which are to be described. 

222 
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used for desensit ization, and under a layer of 
greater thickness than that of the developing 
bath, develops an intense fog . This is due to 
the fac t that the red safranines absorb very 
little of tile violet radiations. It was discovered 
not long afte rwards that certain violet dyes 
belonging to the safranine family were capable 
of ac ting as efficient desensitizers. 

The f-irst experiments were carried out with 
I: 200 solutions, in which the sensitive plate 
was bathed for I minute. At the end of this 
time the cla rk-room may be illuminated as 
brightly as required, provided the blue and 
violet radia tions are absorbed by a yellow or 
orange filter. A yellow light-source of feeble 
intensity, such as a candle or petrol fl ame, may 
be brought quite close to the dish in which the 
development is taking place, and it is even 
possible to examine the negative by transmi tted 
light as frequently and for as long as required 
during the course of development. 

Almost immediately it was shown that 
desensitizing could be brought about with even 
the much more dilute solutions of I : 2 0,000 

and I : 5 0,000, so long as moderate intensity of 
illumination is observed in the dark-room, either 
as a bath before development or in the deve loper 
itself. 1 

With either of the two methods of desensi
tizing, safranine prevents or reduces considerably 
the development fog,2 so that it is possible, 
when necessary , to extend developmen t beyond 
the limits usually fixed by the growth of the 
fog, and also to use a much more alkaline 
developer. Finally, hydroquinone developer, 
which works somewhat slowly in the normal 
state, acquires almost the properties of a rapid 
developer, such as metol. 

The only defect of safranine is its st rong 
staining act ion, which causes a considerable 
colouration of the fingers (more particularly 
the nails) and of the gelatine, especially if it 
has been used in the coneen trations which were 

1 Safraninc is precipitated by deve lopers co ntaini ng 
hyd roqui no nc or pyrogalloL It cannot be add ed to 
co ncentrated solutions of other developers, but o nly 
to the diluted bath rcady for usc, and even then it can 
on ly be introd uced when in a vcry di lu ted form itself 
(at most I : 2,000). 

:! Desens it izers, and particularly Basic Scarl et N 
(§ 332), a lthough they may no t red uce the so-called 
chemi ca,1 fog, at least s uppress the ae ria l oxid ation fog 
whi ch occ urs when emulsio n, impregnated with 
developer, is left in contact with the air for a ny length 
o f ti me, as , for example, during the exam ination of 
th e negative while development is in progress . This 
fog is formed particularl y with developers con tain ing 
hydroquino ne (E . Fuch s, 1924). 

first recommended. The colouration of the 
gelatine is removed for the most part during the 
subsequent manipula tions and the washing, any 
defects in this las t process being very clearly 
shown by the unequal colouration of the 
different parts of the plate. This colouration, 
however, even when it is fairly intense or 
irregular, does not affect printing adversely, 
and may therefore be ignored. 

The most useful employment of desensitizing 
is emphatically with panchroma tic plates, which 
in the past have had to be developed in prac
tically complete darkness, but which now, after 
desensitizing in a preliminary bath, or in the 
developer itself, may be developed in a much 
brigh ter light than that previously used for 
ordinarv emuls ions. 1 

" 
All desensitizers are not , however, suited to 

all emulsions whi ch are panchromatic, or sensi
ti ve to infra-red, probabl y owing to react ions 
between the colour sensi tizers and the desensi
tizer. Th e cfiect of a given dye on a given 
emulsion varies grea tly from one spectral region 
to a nother. 

Many contrad ict ions may be noted in publica
tions on th e properties of desentizers owing to 
the use in experiments of impure or wrongly 
labelled products. A large number of substances 
which are energet ic desensit izers in plain aqueous 
solutions are unusable in pract ice, the desensi
tizat ion being a nnulled or decreased during 
development by the ac tion of one or other of 
the components of the deve loper2; tests of a 
desensitizer must therefore include a practical 
developmen t test in an abu ndance of ye llow 
light (Miss F. M. Hamer, 1 93 1 ). 

332 . Th e systematic study of a large number 
of dyes undertaken by various workers has 
shown that the number of basic dyes which 
exercise th is narcosis or numbing effect on 
silver bromide emulsions is ve ry considerable. 
Although certa in of them desensitize the em ul
sion, others cause fog. Others either desensitize 
or fog the emulsion, according to the concen
tration of the solu t ion employed. Methylene 
blue, for example, at a concentration of 
1 : 1,000,000,000 (I grm . in 1,000 cubic metres 
of water), exerts an appreciable desensitizing 

1 Avo id the use of a green l ight with a red desen
s it izing dye, or vice versa, s ince the negative appears 
uniformly bla.ck duri ng the course of development. 

2 Failures have bee n obtain t;d o n many occasions 
while using an acid diaminophen ol developer for desen
si tized plates and film s. It is necessary in this case to 
usc only dilu te soluti ons of the dia minophcnol-hyd ro
chlo ride for the desens itizing. 
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action, although admittedly far from complete 
(at such a degree of dilu tion the solu tion is 
absolu tely colourless) , but at a concentrat ion 
about a thousand times greater prod uces a 
marked amount of fog. Others weaken the 
latent image 1 to a greater or less extent. 

Among the desensitizers which do not belong 
to the safranine group we may mention the 
following : rhoduline red , a m'amine, chrysoidine, 
fuchsine (Luppo-Cramer), tolulyl red , aurantia 2 

(A. and L. Lumiere and A. Seyewetz, 1921), a 
green non-tinctorial mixture of secret com
position, supplied commercially under the name 
of pinacryptol green (E. Koenig, 1922), which 
possesses desensitizing properties equal to those 
of the safranin es, but which, at least with 
certain emulsions, increases the chemical fog 
instead of diminishing it; fin ally , there is a red 
dye, which has all the properties of safran ine 
and, above all, stains the fingers, nails, and 
gelatine only very feebly, namely, basic scarlet N 
(Cie. Nat. des Matieres Colorantes), first 
recommended in 1924 by the Pathe-Cinema 
Laboratories. 3 

The desensitizing power (ratio of the sensi
t ivities before and after treatment) varies with 
the concent ration . In concentrations of about 
I : 5,000 it is approximately I OO for safranine, 
pinacryptol green, and basic scarlet N, 4 and 
for the other dyes mentioned" it is considerably 
lower. In very dilute solutions, the desensi
tizing power is markedly reduced; it is only 

1 Prolo nged action of red light causes in all cases 
a marked regression of the latent image. A lso, the latent 
im age is very much w eakened if, after desensitizing, 
t he plate is left for a lo ng wh ile before development . 

2 In many cases skin eruption s, s imilar to burns, 
with eczematous eruptions have been caused through 
handling solutions of aurantia; it is, therefo re, wise, 
when l1 ~ ing this desens itizer, to prevent the solution 
from co ming into contact with the fingers (by using 
d eveloping fram es or rubber fin ger-stalls). 

3 Basic scarl et N is a mixtu re o f approximately 
equal we ights of a safranine and chryso idine . This 
la tter, when used b y itself, s tains the skin and the na ils 
very strongly. The Pathe-Cinem a Laboratories have 
also shown that the fog caused by certain desensitizers 
m ay be avoided b y adding t o their solution in suitable 
amounts o ther dyes wh ich do not affect th e desensi
ti zing but ex erc ise a stro ng retarding action on the 
fog ; acrid in e yellow, for ex ample, prevents the fog 
caused by methylene blue . 

" The values of the desensi tizin g pow er given above 
refer to illu mination by whi te l ight. The chromatic 
sei1si tivity of orthochromatic and panchro matic emul
sio ns is low ered proportionally to a much greater extent 
than their sensitivity to the blue. 

.'i Li.ippo-Cramer attributes desensitizing to the weak 
oxidizi ng properties of all substances acting as desen
s iti zers (they a ll can be red uced by h ydros ul ph ites), 
th ese properties permitting them to retard con siderably 

10 for safranine in concentra tions of about 
I : 1,000,000. 

At the usual solution strengths desensitiza
tion increases with the dura tion of the treat
ment , first very rapidly and then more and more 
slowly . Prolonged wash ing of a desensitized 
photographic emulsion diminishes the desensi
tization without annulling it. 

333. Practical Methods of Desensitizing. In 
order to obtain the maximum ad vantages from 
the use of desensitizing methods, there should 
be two systems of illumina tion in the dark
room, wi th arrangements for changing rapid ly 
from one to the other (different lamps or different 
current supply) , or an arra ngement by means of 
which an additional safe light may be removed 
from the front of a permanent yellow screen . 
It should be poi nted out U~at, even in a dark
room different parts of which are being used for 
different operations (many operators working 
separately , or the treatment of cinematograph 
films in continuous machines) , the elimination 
of oxidation fog is a suffic ient advan tage in itself 
to make the adoption of desensitizing, either 
before or during development, worth while . 2 

When choosing a desensitizer, it is necessary 
to remember that coloured desensitize rs, even 
those which are most easily removed, are 
generally held very strongly by paper fibres. 
It is therefore necessary, for the treatmen t of 
paper negatives, to choose either a colourless 
desensit ize r, or one which has already been 

the formation of nascent s ilver, a lthough they arc 
unable to attack any s ilver which has been formed 
previously . Some facts appear to confirm this hypo
thesis; in slightl y acid solution in the presence of 
a brom ide, th e laten t irnage is destroyed. So me 
investigations of Sihvonen and Baur on the mec han
ism of photochemical reactio ns enable the role of 
a desensitizer to be interpreted as fo llows : The energy 
received by the s ilver bromide is transferred to the 
desensitizer, t his substance alone bein g decomposed; 
this wou ld explain why with very long exposures 
desensiti zation no longer protects the s ilver halide, the 
adsorbed dye havin g been completely d estroyed. De
sensitizers are in effective in an atmosphere without oxy
gen or in a vacuum (Frln . M. B lau and H. \Vambacher, 
1934). It is an interestin g fact that a uniformly fogged 
plate, if treated with a dilute solution of safranine 
(for ~"(amp l e) containing potass iu m bro mid e. then put 
to dry without intermed iate ri nsing. w ill g ive, by 
exposure t o l ight foll owed b y development, a positive 
image. The firs t laten t image is d est royed by the second 
exposure, the effect bein g more marked wi th increase 
in the second exposure. 

2 It is for this reason that desensitizing is carried 
out on the co mmercial scale with positive film s, wh ich 
in ordi nary c ircumsta'nces cou ld be handled in light of 
sufficient intensity for th e superin tendence of the 
operations. 

• 
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shown to be readi ly eliminated. If the desen 
sitizer is miscible with the particular developer 
in use, less efficient desensitization is obtained , 
for equal concentrations, by the use of a com
bined bath than by preliminary treatment 
before developmen t (Miss F. M. H amer, 1929), 
although the reverse has frequently been stated. 
In all those cases , however , in which the sensi
tive layer is wet ted previous to development 
(cinematograph film s are treated in this manner, 
to prevent th e adherence of air bubbles) the 
desensitizing may be combined with this pre
liminary treatment. 1 

The desensitizer may be employed in solution 
of increasing dilution according as th e intensity 
of illumination in the dark-room is cut down. 

1 The desensitizing baths may be used a consid erable 
nu mber o f times, but any baths which have been left 
uoused in the d ishes for any length of time generally 
con tain a certain amount of suspend ed matter (residu es 
fro m evaporation , dust particl es, produc~s formed by 
slow reaction w ith the calc ium salts in the water used 
for dilution ). which may cause spots o n the sensitive 
film. After use , solutions of pinacryptol green often 
throw do wn a gelatinous precipitate resulti ng from the 
coagulation of the dye, owing to the accumulation in 
the bath of potassium bromide y ielded up by the 
em ul sions that have been treated. It is, therefore, 
necessary to make sure that the bath is quite clear; 
if it is not satisfactory it must be filtered. 

15- ( r ·5630 ) 

Whatever method is used for the use of the 
desensit ize r, one minute must be allowed for 
its penetration through the layer of an ordinary 
plate or film, and a little longer in the case of 
multiple-coated emulsions and very thick layers. 

Basic Scarlet N I: 5 ,000 gives excellent 
results, t he solution requiring (0 be frequently 
renewed. It is made up by diluting a s tock 
I : 500 solution, which latter keeps well if a little 
formaline (about 20 min . per 20 oz.) be added . 

It is necessary to make allowance for the fac t 
that desensitizing usually modifies the t ime of 
development required to reach a given degree 
of contrast, and affects the time of appearance 
of the image and the time req uired for its 
complete deve lopment to a diffe rent extent 
(sometimes in an inverse manner). The method 
of estimating the time of development from a 
measurement of the time of appearance of the 
first details of the image (Watkins method, 
§ 384), is only applicable if the desensitizer is 
added to the developer. 1 

1 The" factors " of the different devel opers require 
to be modified in the following manner- the" factor" 
for hydroquinone developers shou ld be multiplied by 
4. fo r metol-hydroquinone developers it remains the 
same, while fo r pyrogallol o r diami nophcnol developers 
it is red uced by a thi rd (R. E. Crowther, 192 1). 

• 

• 
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CHAPTER XXVIII 

THE DEVELOPMENT OF THE NEGATIVE 

IN this chapte r the subj ect is treated under 
the following heads : (a) General Principles; 
(b) Inorganic Developers ; (c) Organic Devel
opers ; (d) Substances chiefly used in making 
Developing Solutions ; (e) General Practice 
of Development ; (f) Various Methods of Devel
opment; (g) Tests of a Developer; and (It) 
Physical Development, before or af ter Fixing. 

(a ) GENERAL PRlNCIPLES 

334. Chem ical Development . Chemi cal devel
opment by means of a solu t ion of pyrogallol, 
made a lkali ne with ammonia or ammonium 
carbonate, was used for dry-collodion plates as 
early as 1862, and has been used for gelatino
brom ide emulsions since their first introduction . 
Since 1877, when Carey Lea introduced a solu
tion of ferrous oxalate, the number of developers 
in use has continually increased. 

During development, the silver bromide 1 of 
the grains which have been affected by light is 
conver ted (i.e . reduced) in to black metallic 
silver, which constitutes the final image, 2 whilst 
the bromine goes to form hyd robromic acid, which 
would soon arres t development unless it were 
converted in to a less active bromide by reaction 
with one of the const ituents of the developer. 

A developer is thus always a reducing mixture, 
using the word in its chemical sense , but all 
reducers cannot be used as developers. Some 
would reduce the grains of silver bromide to 
metallic silve r irrespective of whether they had 
been affected by light or not. Others, on the 
contrary , would not be act ive enough to reduce 
even the exposed silver bromide. 3 Wi thin the 

limits of reducing power (o r t o use the correc t 
term , reduction potential) over which a reducer 
can be used as a developer, t here a re very 
ma rked differences in the action on silver 
bromide grai ns which have received only a very 
sma ll exposure, these grains being red uced by 
the most active developers, but not by those 
of low reduction potentiaJ.1 

No visib le change occurs at first when a sensit
ive emulsion which has been exposed to light is 
placed in a developing solution . The liquid 
must have time to penetrate the gelatine, to 
diffuse within it, and to swell it before reaching 
the grain of silver bromide on which it has to 
react. Nor is this latter react ion instantaneous. 
Chemical p rogress has not belied the old adage 
of the alchemists, " Substances react only when 
di ssolved," and traces of silver bromide must 
be dissolved in the developer before reduction 
can occur. And this reduction must even 
proceed un t il the solution is saturated with 
reduced silver before the lat ter can begi n to 
depos it itse lf on the germs of the la tent image. 2 

This delay in the appearance of the image 
(induction period) is still further in creased by 
the fact that the image does not become visible 
(especially in a dim light) until it has acqu ired 
a certain degree of dens ity. 

be seen that developers used for gelati no-b ro mide 
emulsions should always have their potential lowered 
(by the addition of solu b le bromide) wh en they a re 
requ ired for the morc easily redu cible gelatin o-ch loride 
emulsions. 

I T he d ifferences between the activities of different 
developers as regards the ir power to show up the 
weakest l ight impression s (shadow detail in a g reatly 

1 F or simplicity we speak only of s ilver bromide; under-exposed plate) are particularly marked in the 
the silver iodide associated with it behaves in the case of very slow emu lsions; in ultra-rapid em ulsions 
same manner, but the alkal in e iodide formed as a the differences are much less striking . Thus , us ing a 
by-product react s o n the as yet undeveloped s il ve r lantern-plate emulsion, E. R . Bullock ( 1926) was able 
hromide nearby, and tran sform s i~ superfi cially into to develop w ith metol parts of the image which had 
silver iod id e which is more resistant to chemical fog, received one-quarter of the exposure of those whi ch 
a very small portion of the iodide being diffu sed in the were brought out by development with hydroquillone , 
developer (lVT. L . Dundon and A. E . Ballard, 1929) . whereas with very rapid emulsions the relation between 

2 At the end of the different processes involved in the exposu res developable by these two agents was 
its production the photographic image contains some- only I: 2 . Th e order in which developers are classed 
t imes apprec iable traces of s ilver iodid e; and sometimes from this point of view is not affected to any ap prc-
also o f s ilver sulphide (formed duri ng fi xation). c iable extent by variations in the compositio n of the 

3 There is even a deve loper (solution of sodium working solutio n (greater or less alkalinity, presence 
sulphite contai ning the sod ium salt o f q ui none su l- of variou s am ounts of solubl e bromides) which do, how-
phonic acid} which develops the latent . image in ever, have a marked e ffect on the redu ct io n potent ia l. 
gelat ino-chloride emulsions, but cannot develop the 2 The var ious phases of this reaction are s imultaneous, 
latent image in gelatino -bromide (Lumiere and Seye- the last occurring near the free surface o f the emu lsion 
wctz, I9 Il ). In studying the positive processes it will wh ile the first is beginning in the cleep layers. 

226 
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From the moment that the image has begun 
to appear, its density increases progress ively, 
but with a constantly decreasing speed. 1 This 
speed varies according to various conditions, 
e.g. co mposition of the developing solution, its 
concentration and temperature. It also varies , 
a nd of ten very appreciably, from one emulsion 
to another, and even with successive batches of 
a given type of emul sion. 

335. Theory of Development. The theory, 
advanced by J. Waterhouse (1891), that pheno
mena of an elect rolytic nature occur in develop
ment is based on the fact that t is possible to 
develop images by coating the film of emulsion 
on a silver plate used as a cathode in the elec tro
lysis of weakly ammoniacal wa ter (P. Chenevier 
1894; E. Banks, 1896) and on the facts, ob
served by A. von Hllbl (1901), that the durat ion 
of development is almost exactly proportional 
to the e lectric res istance of the bath (both with 
ferrous oxalate and the various organic devel
opers), and that with a lkaline developers the 
alkalis must be subst ituted for each other, not 
in the ratio of their chemical equivalence nor 
in that of the amounts of heat produced in their 
neutraliza tion, but in quantities atfording a 
m ixture of the same resistance . 

It is known tha t electrolytic phenomena 
manifes t themselves when a couple formed of 
two bodies in contact, ditfering from each other 
in their chemical or physical properties, is 
immersed in an electrolyte. And it is a lso known 
tha t the g ra in of silver bromide affected by light 
is not homogeneous, the germs of the latent 
image differing in some way from the remainder 
of the grain. When an emulsion is placed in 
the developing solution which is a lways an 
electrolyte, electrolysis, limited to each grain 
under considerat ion, may therefore be produced. 
In order that the reac tion shall continue, it is 
necessary for the electrolyte to contain a de
polarizer, capable of fixing the oxygen which 
would tend to accumulate at the anode (J. 
Desalme, I9IO), and it is precisely this part 
that is played by the deve 'oper proper. 

336. Effect of Dissolved Bromide in the 
Developing Solution. I n the early days of the 
gelatino-bromide plate, development almost 
a lways required to be done in a solution contain
ing soluble bromides (usually potassium bromide) 

1 In a sufficiently concentrated developer, at any 
in stan t the speed of d evelopmen t is proportional to 
the eli fferencc between the m aximum density (p roducible 
a t the given part of th e negative on very long develop
m en t ) and the density reached at th e given instant of 
time. 

to delay and slow down the development of 
chemical fog . The progress made in the manu
facture of emulsions, the fact that they are 
always protected by traces of bromide, added 
when they are re-melted, and the possibility 
of avoiding oxidation fog by selec ting suitable 
desensitizers, all render the addition of a bromide 
to the developing solution unnecessary in many 
cases. Indeed , it will b e seen that the develop
ment of a negative in a bath containing bromide 
gives very nearly the same result as would be 
obtained by developing in a bath containing 
no bromide a nega tive of the same subj ect 
taken under the same conditions on a less 
sensitive emulsion (or with a shorter exposure 
on the same emulsion). A number of modern 
emulsions only show their extreme sensitiveness 
when developed in a bath made up without 
bromide, or, if a very high-potential developer 
be used, with only the merest trace of brom ide, 
such a developer being less susceptible to the 
action of bromides. 

The presence of dissolved bromide lowers the 
already poor solubili ty of silver bromide in a 
developing bath, and it would seem tha t this 
property is responsible, a t least in part, for the 
slowing of development, it being known tha t 
the reaction between dissolved salts take place 
more speedily as the concentra tions are higher. 1 

The various developers differ ve ry consider
ably as regards the effect of dissolved bromide. 
In the same way that the power of a motor-car 
may be measured by the effect of a hill on its 
speed, so the reduction potentia l of a deve loper 
can be measured (at least in rela tive terms) by 
the effect of a given content of bromide on the 
speed of development. 

Contrary to an opinion sometimes expressed, 
the chlorides cannot, no matter in what quanti 
ties, play the part of bromides, even on emul
sions of sil ver chloride ; the chlorides a re abso
lutely ineffec tive in a developer either containing 
bromide or not (E. Weyde, 1933). 

1 The action has b een ascribed t o the reversi ble 
nature of development. This interpretation is adm is
s ible in the case of development with ferro us oxalate 
where the bromide and ferric oxalate formed du ring 
d evelopment may re-convert part of the reduced silv er 
into silver bromide, especially when the bf("lmicie concen
tra tion is high . But this is n ot the case with al kaline 
developers. \Nhil e the m ixture of b rom ide and of a 
quinone may still convert the s ilver into b romide (a 
reaction used in various processes of t oning and 
intensification), it is well establi shed tha t organic 
developers, when oxidizing in a develop ing solut ion, 
do n ot g ive rise t o quinones, b ut to complex products 
with \vhich this reve rse reactio n is not p ossible. 
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Citrates, tartrates, or boro-tartrates, either 
dissolved as such in the developing solution or 
formed in it by the addition of the corresponding 
ac ids, have, at equal doses, an action differing 
very lit t le from that of bromides (L. Lobel , 
1927) . 

6-nitrobenziminazol and some allied su b
stances, when introduced into negative de
velopers in the proportion 1/25,000, reduce fog 
as effec ti ve ly as potassium bromide a t a strength 
of 1/5,000 with out causing the drop in speed 
dea lt with below (A. P. H . Trivelli and E. C. 
J ensen, 1930). 

337. The effec t of bromide in a developer 
cannot be exactly described except by comparing 
the characterist ic curves (§ 202) corresponding 
with negatives developed respectively in a bath 
containing no bromide and in the same bath 
with add ition of bromide. In Fig. 170 there are 
shown the characteristic curves corresponding 
with the pla tes, exposed behind a step-wedge, 
which have been given th e same exposure and 
have been developed, some for two minutes and 
the others for eight minutes, ina solution contain
ing no potassium bromide (solid lines) , and in two 
oth er lots of the same bath , one containing a 
small addit ion of bromide (dash lines) and the 
other a larger quantity of bromide (dotted lines) . 
For the same time of development in all three 
solutions the parts of the image which are fully 
developed show the same degree of contrast, 
but the pa rts which have received the least light 
(corresponding with the shadow detail in the 
negative of a na tural subj ect) are incompletely 
rendered in the negatives developed in the baths 
containing brom ide, and this to a greater 
deg ree as the proportion of bromide is greater 
or the time of development is shorter. 

As development proceeds, the straigh t lines 
forming the middle (s traight) parts of the curves 
change their angular position around the points 
A, E, C. Each of these points corresponds with 
a given proportion of bromide, the depression 
of the curves being greater as the bromide 
content is larger. 1 (A. H. Nietz, 1922.) It will 
be readily understood tha t the horizontal dis
tance between the curves corresponding to the 
same periods of development in bath s with and 
without bromide decreases in proportion to the 
progress of development. Now, this hori zonta l 

l Fo r eac h developer the depress ion is proporti onal 
to the logarithm of the bromide content . The po ints 
.rl, fl, C, aro und which turn the cu rves corresponding 
with the vari ous bro mide conte nts in the same bath , 
co me on a line perpendicular to the axis o f the exposu res 
(or, rather , of their logarit hms) . 

distance is a measure of the ra tio of the ex posures 
required to yield equal densities. It will there
fore be seen that the apparent loss of sensitive
ness due to development in a ba th with bromide 
decreases progressively (regression of inertia). 

338. Th e action of bromide is the refore 
greates t on the shadow detail a nd on the dark 
half-tones, which in a bath containing bromide 
appear distin ctly more slowly as compared with 
their appearance in a bath without bromide, 1 
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but this effec t fa ll s off progressively, becoming 
practically negligible when development is 
carried very far. 

This property of bromide provides a means 
for correcti ng over-exposure. To obtain the 
best advantage of this correct ive, development 
must not be carried at a ll far, the negative being 
in tensified afterwards, if necessary . 

A negat ive, the development of which has 
started in a brom ided bath and then continued 
in one without bromide, or vice versa, gives 
re~ults in termed ia te between those obtained 
wh en using only one or the other of these 
developers. Th e effect o f the sol uble bromide is 
therefore not permanent, as would be the case 
if it partially des troyed t he latent image; th is 
effect seems to be a manifes tation o f the law of 
mass action, the dissolved bromide decreasing 
the solubility of the sil ver bromide or reducing 
its ionization, thus slowing down development 
(J. 1. Crabtree, H, Parker, and H . D. Russe ll , 
1933) . 

By reason of its action in prevent ing or 
considerably retarding the formati on of chemical 

1 The differe nce in the times of appearance of t.he 
same to ne, in negatives exposed under identical 
co nd ibons, is pro portional to the difference in the 
bromide conte nts. 
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fog, bromide enables development to be pushed 
farth er than would be possible in a bath without 
brom ide, thus obtain ing the maximum contrast 
obtainable with the emulsion used. In this case 
bromide is generally used in fairly large doses. 

It should be mentioned that, owing to the 
reduction of the silver brom ide in the negatives 
developed in it, a used developing solut ion 
a lways conta ins some potassium bromide or 
sodium bromide, and in quantity increasing with 
the area of i mage which has been developed. It 
also con tains oxidation prod ucts of the developer , 
the effec t of which we shall study on a later page . 

339 , Chemical Fog, W e have seen that during 
ripening (§ 192) some grains reach a state in 
which they are more easily reducible than others 
and can actually be developed without exposure 
to light. While chemica l fog is often more 
marked in very rapid than in slow emulsions, 
there are exceedingly fast emulsions which are 
also extremely clean. Fog generally increases 
with the age of an emubion. A very clean 
emulsion will fog in a badly compounded 
developer (excess of sulphite or of caustic 
a lkal is), or one prepared with impure chemicals, 
or used a t too high a temperature, unless a more 
or less large dose of bromide be added to such a 
bath. ' Contrary to a fa irly widespread opinion, it 
is not, as a rule, the developers with a high 
reduct ion potenti al which give the greatest 
chemical fog. As a mat ter of fac t , the following 
developers, Hydroquinone, P yrogallol, Meto l, 
Amidol , here placed in the order of increasing 
potentia l, stand in the reverse order as regards 
tendency to fog (A. H . Nietz, 1922) . With high
potential developers the addition of bromide in 
moderate qua ntities re tards the fog more than 
the image. 

If two negatives which have had identical 
exposures are developed to the same degree of 
contrast, one in a concentrated developing 
solu t ion, and the other in some of the same bath 
greatly diluted, it will nearly always be found 
that the negative developed in the weak bath 
is more fogged than the one developed in the 
strong one. 2 

I rn so me cases a developi ng solution which has been 
lI sed g ives less fog than a fresh one, even though the 
latte r may con tain m orc bromid e t ha n the used bath . 
Th is same effect may be obtained by addin g to a new 
bath a s m all p ro portion (ab out 5 p er cent) of a lI sed on e, 
(J. r. Crabtree, 1923) or traces of iod ide (J. Southworth, 
19 2 9) . 

2 Fog o f a d ensity of 0 '2 (= opacity of 1'6, equivalent 
t o an increase o f 60 p er cent in the time of printing) 

• 

Finally, chemical fog is markedly increased 
each time the sensitive film is ta ken out of the 
developer and exposed to contact with air, as 
when examining it. This aerial fog (which occurs 
in a most marked manner in the development 
of cinematograph film s on a drum which is only 
par tly immersed) seems to be due to a phe
nomenon of chemico-luminescence; it may be 
completely avoided by desensiti zing (E. Fuchs, 
J 924) . 

340. Chemi cal fog appears more qui ckly and 
becomes more dense on an unexposed sensitive 
hIm placed in the developer than on one bearing 
a latent image, unless the bath contains a large 
proportion of bromide. In the case of an actual 
image, the fog is densest in the parts whi ch 
have recei ved the least ligh t (shadow detai I), 
its effect being almost nil in the high-lights. As 
a matter of fact, the development o[ the im age 
gives rise to bromide in quanti ty proportional, 
at each point, to the density of the im age 
already developed, and this bromide counteracts 
the formati on of fog according as it is present 
in greater or less quantity a t th e particular 
point, 

W e have already learnt that the speed of 
development of the image proper decreases 
progressively . The rate at which fog grows a lso 
fa lls off, but less rapidly , with the result , in 
development, that the production of fog quickly 
overtakes that of the image proper. 

Owing to the manner in wh ich fog is form ed 
in the image, the contrasts begin to decrease as 
soon a s the fog has reached a certain value. 
Advantage is taken of th is peculiari ty to correc t 
the excessive contrast which development of 
an under-exposed negative tends to prod uce . 
The use of a bath without bromide or with very 
little bromide, and to which a n excess of alka li 
(preferably a caustic alkali) has been added, 
favours the rapid formation of a fog, whi ch, 
however, tends to mask the less pronounced 
details of the image. 

341. Effect of Dilution of the Developer. 
Slight dilution of the developer affec ts the speed 
of development and the formation of fog (§ 339) . 
Considerable dilution may affec t the character 
of th e image to some extent. 

In the case of a developer wh ich is not d irec tly 
is usually cons idered a s negligible; a fog of dens ity 
equal t o or g reater than 0 '3 (= opacity of a t least 2, 

and eq uiva len t to at least a d o uul ed tim e of printin g) 
is cons iderC'c1 as appreciable; and fi nally fog 01 dens it y 
equal t o o r g reater than 0·6 (= opac ity o f at least 4, 
and call ing fo r fo ur times a s long in printing) is pro perl y 
termed" heavy." 
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oxidized by air (glycin developer) identical 
results t are obtained by developing two iden
tical exposures, one in a concentrated ba th and 
the other in a portion of the same bath diluted 
twice, three times, ... ten times, e tc., if in the 
second instance the time of development is 
twice, three times, . . . ten times, etc ., that in 
the strong bath. 

When the developer is directly oxid ized by 
air (and this is the case with a ll developers 
except glycin), a certa in fraction of the developer 
is oxid ized by the air dissolved in the wate r used 
to dilute the developer, and the concentration 
of the developer is therefore somewhat less than 
denoted by its degree of dilution. For this 
reason the equivalent times of development 
must be longer than those calcu la ted propor
tionally to the degree of dilution . For instance, 
the highly concentrated commercial prepa ra
tions of paraminophenol, which are usually 
used at a dilution of I : 20, if dilu ted t o I : lOO 

(i. e. diluted a further five times) , may require 
times of development from six to nine times as 
long, according to the degree of freedom of the 
water from air (B. T. J. Glover, 1923) . Condi
tiona l upon a lways developing to the same 
gamm a (§ 202) it seems that the inertia of the 
emulsion (§ 337) is not in fluenced by dilution 
(K. Tch ibisso f a nd V. Tcheltsof, 1929). 

In the use of a greatly diluted developer, 2 the 
act ive products which penetrate the emulsion 
are rapidly exhausted in the superficial layers 
and a re only replaced in the film with extreme 
slowness . In these circumstances, the image of 
the shadows, formed chiefly of grains at a slight 
depth (assuming that the light has acted on the 
free surface of the emulsion), where the developer 
has exhausted itself only slightly , may be quite 
completely developed whilst development is 
st ill incomplete in the image of the high-lights, 
clistributed throughout almost the entire thick
ness of the film, fo r in regard to this la tter the 
developer exhausts itself a t the surface or at 
leas t takes up there an appreciable quantity of 
bromide befo re penetrating lower down (J. 
Sterry , 1900) . 

Advantage may be taken of this peculiarity 
to correct, to a certain ex tent, the effects of 

1 Except for th e appearance of a s ligh tly heavier 
fog in the negatives developed in th e d ilute bath as 
co mpared with th e negative developed in the strong 
bath . 

2 [t mllst be borne in mind that the gelati ne may 
become excess ively swollen in a very dilute bath 
(unless a suitable quantity of inert sa lts be added, 
see § 356) and is then exceedingly soft . 

under-exposure, and, in a genera l way , to reduce 
the contrasts of an image. 1 But the full effec t 
of this corrective will be obtained only by using 
a bath without bromide and by stopping 
development at the momen t when the image of 
the shadows ceases to gain appreciably in 
density. If development were cont inued long 
enough, the image of the high-lights would , in 
fact, reach the same density that it would in a 
concentrated bath. A very dilute developer 
does not produce more deta il tha n a concen
trated one, but it clogs up the high-lights less 
easily, owing to the fact that it exhausts itse lf 
in these parts of the film. If the image has not 
reached the desired degree of con tmst when the 
shadows cease to gain density , it is better to 
stop development and in tensi f y the image 
afterwards, thus increasing all the densities 
proportionally ra ther than to con tinue develop
ment, which would only increase the density 
of the high-ligh ts without increasing the a lready 
insufficien t density of the shadows. 

This corrective is applicable to an image 
which is being developed in a concentrated bath. 
It is sufficient, as soon as the excessive na ture 
of the contrasts is noticed , to place the negative 
in a dish containing an ample quantity of clean 
water, rocking the dish once or twice in order 
to dist ribu te uniformly in the water most of 
the developer adhering to the film. The develop
ment of the high-lights will stop almost a t once, 
but that of the shadows will continue. 

It must be added that the effects of local 
exhaustion of the developer are often supple
mented by the form a tion of chemical fog, 
favoured by long development in a dilute bath 
(§ 339 and § 340). 

342, Effect of the Temperature of the Devel
oping Solution. In a give n developing bath, 
development takes place more quickly as the 
temperature is higher, but developers differ 
considerably in the range of varia tions from this 
cause. A rise in temperature not only acce ler
ates the development of the image, but it 
accelerates still more the production of fog, thus 
compelling the photographer to compensate to 
a certain extent for the effec t of a comparatively 
high temperature (above 70° F. ) by add ing 
bromide to the developer in proportion increas
ing with the temperature . It is , of cou rse, well 

1 S topping d ev elopment in a concenlrated bath, at a 
low gamma value, o ftc n g ives rise to local inequalit ies 
in the image. Fo r this rcason it is always bes t to 
obtain negatives of weak contras t by e mployin g an 
emuls ion of moderate maximum gamma. 
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known that all chemical changes are accelerated 
by heat , and also diffusion in the gela tine is more 
rapid at a high temperature than at a low one, 
which effec t is, however, partia lly compensated 
by the swelling of the gela tine which makes the 
liq uid t ravel a longer distance. 

The temperature of the dark room is often 
higher than 70° F. in summer, and freq uently 
lower than 45° F. in winter. Th us, plates from 
the same box, exposed under ident ical cond it ions 
and developed in identical baths, may require 
to be developed for three minutes in summer and 
IO minutes in win ter to give results as similar 
as possible. The best results are obtained by 
maintaining the temperature of the baths (and 
as far as possible tha t of the dark room) as evenly 
as possible, 1 between 60° F. and 65° F. 

T he term temperature coefficient of a developing 
solution is applied to the ra tio between the t imes 
of development which, a t tempera tures d iffering 
by 10° C. (= I S O F. ) y ield equ ivalent results, 
a ll other condi t ions being identica l. This tem
pera ture coefficient may be said to be pract ically 
constant for different emulsions. 2 It is not 
affected by dilution of the developing ba th but 
may undergo slight varia tions according to the 
co mposit ion of the bath. 

~ [e to l • 

Para min op henol 
J7erro ll s ox alate 

· 1'3 P y rogallol . . 1'9 
· r" s l\1ctol-hyd roquinonc . I" g 
· 1" 7 H ycl roquino ne . . 2 "5 

The above table gives the average values of 
the tempera ture coefficients fo r baths prepared 
with various developers. 3 

1 To record correctly the temperature o f a room th e 
thermometer mll st be a bout 2 in. away from t he wall. 
A bath mu st never be cooled by placing ice d irectl y 
into it, as t his on melt ing wou ld d ilute the bath to an 
indeterm inate degree. Nor should carbo n dioxide be 
placed in it as this would transform the carbonate into 
bicarbo nate. F or lack of o ther means, dip into the 
bath a rubber bag co ntaining cold water or a litt le ice. 
I n a trade installation the tanks shou ld be placed inside 
a tro ugh traversed by running water (which can then 
be used for washing) or conta ining cooled water. 
F inall y, it is possibl e to fi t arou nd the tanks or inside 
thcm coi ls through which is ci rc ulated brine chilled in 
a smal l re frigerator. 

2 The va riat ions occasionall y met with a re usually 
due to thc p resence in the e mulsion of small amo unts 
of solu ble b romide. T hey a re avoided if t he develop ing 
bath contains o ·r per cent of potassium b ro mide. 

3 Once the ti mes requ ired fo r the sa me results with 
a deve lop ing b<l.th used at two di fferent te mperatures 
have been ascerta ined experi mentally , i t is easy to 
deter mine the equival ent times at a ll other tem pera
bues , beari ng in m ind that t he c urve ind icating t h.e 
logarithms of the t i mes of de velopment as a fu nction 
o f the te mperature is represented by a s tra ight line. 

It must be pointed out that , in a developing 
bath contain'ng two different developers, the 
notion of tempera ture coefficient loses all signi
ficance as soon as there is a defllli te departure 
from the optimum temperature, for each devel
oper retains, in fact, its own temperature 
coefficient. For example, in the case of the 
mixture of metol and hydroquinone, at low 
temperatures it is the metol, a lmost a lone, which 
is active, the hydroquinone being active only 
a t comparatively high temperatures. 

A rise in the temperature of the developing 
bath favours the development of under-exposed 
negatives both by increasing the reduction 
potential of the developer and by accelerating 
the production of chemical fog. Development 
in a very cold bath often yields negatives of a 
kind produced by under-exposure, and thus 
favours the correc t ion of over-exposure. 

343. Effects of Waste Products; Effect of 
Agitation of the Developing Bath. I n a devel
op ing solution that portion which is partly 
exhausted by the reduction of the silver bromide 
in parts of the emulsion representing the high
lights, is richer in bromide than other portions 
of the bath and is also charged with oxidat ion 
products. It is therefore denser than the fresh 
portions, as may be shown by the existence of 
convection currents, rendered visible by the 
movements of pa rticles of cotton fibre (E. R. 
Bullock, 1922), or by local va riations in the 
refraction of the liquid which are shown in a 
silhouette formed in a suitable manner by a 
poin t source of light (A. Haelsig and F . Luft , 
1933)· 

When a sensitive fi lm is developed in a vert ical 
position the currents of exhausted liquid 
flowing from the portions which have had the 
most exposure may retard the development of 
the parts through which they pass , with the 
production of streaks of less density . These are 
most apparen t when a s trongly exposed part 
of the negative is adjacent to a region which 
has received uniform but much less intensive 
exposure. Moreover, the products of develop
ment tend to accumulate at the bot tom of the 
tank, and development there soon becomes 
somewhat slower than at the top, unless the 
depth of the tank below the lower edges of the 
pla tes or films is sufficient to allow of the was te 
products accumulating there. 

In the case of hor izontal development in a 
stagnant solu tion, the la teral diffusion of the 
waste products around the strongly-exposed 
parts tends to produce siLhotteUe effects. Outside 



23 2 PHOTOGRAPHY: THEORY AND PRA CTI CE 

the strongly-exposed portion development is 
somewh a t retarded, and the dense part of the 
image is thus surrounded by a border which is 
lighter than the ground ' (Mackie lines) . When 
developing a pla te on which there are patches 
uniformly exposed but of very different dimen
sions, i t will be noticed that the smallest patches 
have the greatest density, am] that in each patch 
the dcnsity is grcater a t thc cdges than in the 
centrc (Eberhard, I 9I2). 

These various effects are avoided by prolonged 
development or by agitating the so lution, or a t 
a ny ra te t hey a re red llced to a point a t which 
they are negligible unless subj ected to critical 
examination. 2 

This agitation has a very marked effec t on 
the speed of developmcn t , and to a certain 
extent on the charac ter of the image. By 
eliminating the bromide formcd in the course 
of development, agitation accelera tes develop
ment, and does so to a degree increasing with 
the susceptibility to the action of bromide of 
the particular developer employed. At the same 
time agitation prevents the falling-off in con
trasts and in the energy of the developer which 
would tend to be produced by variations in 
the local concen tra tion of bromide. 3 

344. The Arithmetical Coefficient of a Devel
oping Solution. Among the numerical laws of 

1 These e ffects may b e m uch ex aggerated by a v ery 
dilu te ba th or by a very thi n layer o f the so lution 
(such as may be ob tained by laying a sheet o f pla in 
g lass alm os t in contac t with the surface o f the sens iti ve 
film ). B y usin g, instead of plai n glass , a phot ographic 
plate which has been s lig htly and uniforml y fogged, 
there will be noticed o n the latter a rev ersed s ilho uette 
of t he image dev eloped Oil the other sensitive film, this 
bein g clue entirely to the differences in activity of the 
d ev eloping bath at vari ous stages o f exhaustion . 

:! For dish development of negatives intended for 
ph otoml! tric measure ments the bath is often stirred 
by means of a large soft brush rapidly passed over 
the sens iti ve lay er during the whole duration o f develop
ment (W. Cla r k , 1925 ). Use h a s a lso been m ade of 
a set o f parallel squeegees , g uided so as t o p ass very 
close to the sens it ive layer and moving to and fro in a 
d irection a t a bout 4S o t o t h a t of t he blades (J. Crabtree, 
1935 ) . In a ver tica l t a nk t he liqu id can be kep t in 
motion by In eans o f a p ump, even of very simple t ype, 
but the result is never so perfect . 

o T he op t imu m speed of t he liquid current along 
t he surface of t he emulsion in the d eveloping bath 
seems abou t 6 cm. (2% in .) p er second (S. E. Sheppard 
an d F. A. Elliott , 192 4). w hich is ra rely a ttained in 
photogra phic practice, but is freq uently exceeded in 
the machines used for the continuous development o f 
c inematograph fi lms. It is , however, very d ifficult to 
avoid the p resence of orientated defect s on fi lms 
developed by machine, as the soluble bromide formed 
in the very de nse portions retards development in the 
areas immedia t ely following t hem (J . Crabt ree, 1932). 

development one of the most important from 
the practical standpoin t is certa inly t he approxi
mate law formulated in I 894 by Alfred Watkins 
to connect the length of time required for the 
a ppearance of an image with the lengt h of time 
necessary to achieve an a rbitrarily chosen de
velopment factor or degree of contrast (§ 202, 
footnote). viz., say th e ra tio between t he con
trasts of the negat ive and the contrasts of the 
subj ect, in the case of negati ves of which the 
exposure has been within normal limitsl 

With a normal exp osure and in a given develop
ing solution , the time required f or the negative to 
reach a given development factor is proportional 
to the time of app earance of the fi rst details of the 
image (except the sky in landscapes, owing to 
its over-exposure) provided only that the energy 
of the bath be not modified during the course of 
development. 

The multiplying fac tor (arithmetical factor of 
the developing solution or Wa tkins " factor " ) 
varies for a given developing solution, according 
to the value adopted for the development 
fac tor, that is to say according whether it is 
wished to reproduce exac tly the con t rasts of 
the subj ec t in the negative , or to increase or 
decrease them in a varying degree. Since the 
image becomes more contrasted the longer it is 
developed , the Watkins " facto r " requires to 
be increased to enhance the contrasts, and 
decreased to reduce them. Unfor tuna tely , no 
rule can be fixed regarding this matte r, for a 
variation of the" factor," which, for exa mple, 
increases the cont rasts to a given degree , does 
not apply equally (neither absolutely nor 
rela tive ly) to different developing solutions. 

The average values for the Watkins " fac tors " 
for various developers, as given by different 
writers, correspond, according to the personal 
taste of each individual writer, to values of 
the development factor usually lying between 
0,8 and I (slightly reduced contras t or exact 
reproduction of the contras ts). These values 
must therefore be regarded as an approximation 

1 T he obj ection has been m ad e to the Watkins 
method t hat it leads to shortened development of 
ov er-exposed negatives and to p rolonged develop ment 
of under exposed negatives . t hus adding to t he defect s 
o f incorrectly exposed negatives . But t he author of 
t h o method has replied t hat he s uggest ed it as a supple
ment to the use of his ac tino meter. The very s light 
errors i n ex posure which lnay res ult fro m the use o f 
an acti nOITIeter have no appreciab le effect o n the time 
of development of the image a nd therefo re do not lead 
to a time of development d ifferent from that which 
would be thus calcula ted in the case of a correctly 
exposed n egative . 
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only; the" fac tor " to use must be worked out 
for each particular case. 

While the Watkins " factor " varies consider
a bly for different developer substances, varia
tions are practically negligible (except in the 
case of py rogallol ) so far as concerns the pro
portions of the constituents of a given developing 
solution or the use or om ission of bromide. 
Dilution and variations in temperature, at least 
wi thin reasonable limits, do not occasion any 
appreciable difference, it being of course under
stood that any modification in the developing 
bath is made before developmen t begins, and 
that from this point the developing solution 
remains unaltered 1 (except for varia tions due 
to reactions in the course of development). 

Developers of high reduction potential, with 
which the appearance of the image is always 
very rapid (the entire image appearing almost 
at once) have a much higher \ ;lfatkins " factor" 
tha n developers of low reduction potential, with 
which the image appears only slowly and 
gradually (the image of the high-lights often 
appearing long before that of the shadows.) 

The foll owing table gives the approximate 
values of the Watkins "factor" for various 
developers-

Hydroquinone . . . . 
iVfono·brom-hyd roq uinone . . 
P yrogallo l (no bromide) ' . . 
Pyrogallol (wi t h bromide) . . 
Pyrocatechin. . . . 
Glycin (with soda carbonate) . 
Glycin (with potassium carbonate) 
Paraminophenoi . . . 
Diaminopheno l (amidol) . . 
:Vle tol . . . . . 

5 
5 

8-18 
4- 9 

10 
8 

12 
16-20 

18 
30 

The addition to the developing bath of an 
iodide or of a desensitizer considerably affects 
the "factor. " The control of development by 
this fac torial method is not applicable to sensi
tive film s the emulsions of which have been 
wetted before immersion in the developing solu
tion (wet ting with water or with a desensitizer. ) 

In the case of developing solutions containing 

I In par ticula r, the proportion between the time o f 
appearance o f the image and the total time of d evelop
ment w ill be upset if development be done in a solu t ion 
at a temperature different from that of the dark room, 
si nce the solution would a ll the time b e in process of 
coming to the t empera ture of the room. It will a lso 
be upset by th e use of a developer rend ered a lkaline 
with ammonia, the latter co nstantly escaping from th e 
so luti on . 

' With pyre (p yrogallol) developers, the ""atkins 
" factor" decreases when the co ntent o f pyre is in
c reased, and it a lso dec reases when the content of 
bro mide is increased. 

several developing agents, the Watkins " factor" 
can usually be calculated by applying the rule 
of mixture. 1 

The determination of the total time of 
development by the method based on the 
measure of the time of appearance of the first 
details of the image is a ve ry valuable one for 
the beginner, and will save him serious mistakes. 
It may be objected that it is not logical to 
develop for equivalent times the im ages of 
subj ec ts with very weak contrasts and of 
subj ects with very strong contrasts, th e nega
tives thus obtained not being suitable for the 
same types of positive printing paper. But the 
beginner easily makes far greater mistakes than 
this, and it is a simple matter to employ a 
variety of emulsion papers, enabling negatives 
of widely different character to be prin ted 
satisfactorily. 

Objections based on the differences in con
t rast of the various classes of subj ect do not 
apply to the case of copying, where the aim is 
to obtain as far as possible a facsimile of the 
origina l, irrespective of its character. 

Finally, this method is the only one which 
enables anyone not having a specially equipped 
scientific laboratory to carry out the develop
ment of different emulsions to the same 
developmen t factor, thus allowing of satis
factory comparisons being made between various 
emul sions. 

Some makers of developing solu l ions sold 
ready for use, or in the form of powders, or 
tablets, etc ., follow the useful practice, which 
might well become general, of giving the average 
Watkins " factor" for each developing prepara
tion. It is highly desirable that the same 
information should be given for the developing 
fo rmulae recommended for various pla tes a nd 
tilm s by the makers of these materials. 

(b) IN ORGAN I C DEVELOPE RS 

345. Mineral Salts as Developers. I n addition 
to ferrous oxalate (which is the only one of 
these various developers which has come into 
effect ive practical use) and various other ferrous 
salts (fluoride, citrate, etc.) , the following have 
been suggested for use as developers : cupro
oxala te of ammonia (Carey Lea, I 879); t ita no
oxalates and alkaline molybdo-oxa lates (1'. 

1 For insta nce, with a developer containing 6 parts 
of hydroqui none and I part o f rnctol, th e " factor" 
will differ very slightly irom 

(6 X 5) + (I X 30) _ 8. 
6 + I - 5 
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P avolini, If)33); hydro-sul phi te in alkaline 
solu t ion (W. B. Bolton , 1893); a lkaline per
oxides (Le Roy, 1894); or hydrogen peroxide 
(M. Andresen . 1889) in al kaline solutions. 

To this class of developers may be added two 
substances on the border-line between inorganic 
and organic compounds. viz. , hydroxyla mine 
(C. Egli and A. Spiller . 1884). and hydrazine 
(E. Votocek . 1898) , both in alkaline solutions. 
These substa nces have never been used in 
pract ice as developers, but on various occasions 
the use of certain of their organic derivatives 
has been suggested (Lumiere and Seyewetz, 
1894; W. H . Caldwell , l 1908) . 

346. Ferrous Oxalate Developer. The ferrous 
oxalate developer, of which the present method 
of preparat ion was indicated by J. M. E der 
(1879). is now scarcely ever used by ei ther 
amateur or professional photographers. Its very 
low reduction potential does not enable it to 
develop sat isfactorily any but amply exposed 
negatives. Its preparation and use demand 
more care than is required for organic devel
opers.2 and afford no material economic com
pensation for these pract ical drawbacks. But 
for various scientific uses of photography this 
developer possesses the distinct advantage of 
containing no solven t of silver bromide, and of 
thus avoid ing various disturbing factors which 
sometimes occur in the use of ordinary devel
opers. but noticeable only in exact localization of 
points. and in photometri c measurements of a 
high order of accuracy. This developer is the 
only one with which chemical fog is completely 
avoided (Hur te r and Driffield. 1890) and which 
produces a perfectly neutra l grey image. com
pletely free from all coloured oxidat ion products . 

The ferrous oxalate developer is prepared 
at the time of use b y pouring slowly . with constant 
stirring, I volume of a 25 per cent solu t ion of 
ferrous sulphate 3 into 3 volumes of a 25 per 

I In partic ular this author has s uggested the use of 
substituted aro matic hydraz ines for the p reparation 
o f a de velo per capable o f correcting over-exposure 
such as wo uld lead . with ord inary developers. t o 
reversa l o f the image. 

2 FrOIn these various points o f view we consider the 
use o f ferro us oxalate developer an excellent in trodu c
tio n to th e morc modern practice. 

, Ferro us sulphat e (iron protosulphate. green vitriol) 
occurs in cl ea r bl uish-green crystals (Fe50, . 7H,0). 
w hic h in damp a ir quickly become covered with an 
och reo us coating o f a basic fe rric sul phate wh ich is 
formed s till more rapidly by aeri al oxidation o f so lu
ti ons of ferro us SUlphate. Ferrous s ulph ate is so me tim es 
replaced by fe rrous ammonia s ulp hate or Mo hr's salt 
(17050, . (NH,),50, . 6H,0). wh ich is more s ta ble in 
t he dry s tate. t hough just as r ap id ly oxid ized in 

cent solution of neutral potassium oxa la te1 Th is 
produces a limpid reddish mixture (ferro
potassic oxala te) . which can be used as a 
developer without any addition of potassium 
bromide 2 

Over-exposure can be corrected to a certain 
extent by adding potassium bromide. Being a 
developer wit h a low reduct ion potential (0 '33. 
taking hydroquinone as of reduction potentia l 
= I ), the iron developer is very susceptible to 
the action of bromides. F or correc tion of over
exposure it suffices to add a rela ti ve ly small 
quantity of potassium bromide to the developing 
ba th (e.g. not more than 4t gr. per 10 oz. of bat h). 

Sodium thiosulphate (hypo) in very minute 
quanti ty (a few drops of a I : 1.000 solution) 
has a marked accelerat ing effect on the ferrous 
oxalate developer (it decomposes the ferric salts 
formed), the image t hen appearing much more 
rapidly. An excess of hypo produces heavy fog. 
and, finally. reversal of the image. the fog being 
then denser th an the image proper. 

On the negative im pregnated wit h the oxala te 
solution being p laced in th e wash-water or the 
fixin g bath, a uniform precipita tion of calcium 
oxalate takes place in the upper layers of the 
gela tine. fo rming a white deposit. During wash
ing after fi xing this deposit is read ily removed 
by placing the negative for a few moments in 
a very weak solution of hydrochloric acid. e.g. 
I : zoo solution (= a bou t I dram in 20 oz.). 

501ution. T o avoid the oxidation of the solu t ion , it is 
prepared cold. w it h addition o f " bo ut [ gr . per oz. of 
citric acid or tartaric acid, and it is kept as fa r as possible 
in sunshine . The method commonl y used in chemical 
laboratories for preserv ing fe rrous sulphate solution, 
v iz., by addi ng a little sul ph uri c ac id and in p laci ng 
some iron wire in it , is not applicabl e here, for the s ul 
p huric acid may prec ip itate the ferro us oxalate in the 
form of a redd ish powd er w hen the two so lutions are 
mi xed. At a temperatore o f 60° F. the 25 per cent 
solution has a de ns ity of 1 ' 1 26 . 

1 Neutral potassiUln oxa late occurs in colourless c rys
t a ls (K ,C,O, . H ,O). which a re stable. a re very soluble in 
water, and mu st not be confused with acid potassiu m 
oxalate (binoxalate or salts of sorrel) which is on ly 
slightly soluble in water. Solutions of the ne utral 
oxala t e a re al so stable. At 60° F. t he densit y o f the 
25 per cent solution is 1-139- Calcium oxalate being 
insolu ble, a white precipitate , req uiring removal by 
fi ltration, is formed when potassium oxalate is dissolved 
in ordinary tap water. T o avo id the formation of this 
same precip itate when adding the ferrous sul phate , 
it is ad van tageous to dissolve the latte r salt in di sti lled 
water or ra in-water . 

2 The reac t ions occurri ng in deve lop me nt are repre
sented by the eq uation 

6 F eC,0, + 6AgBr ~ 2Fe,(C,0.,), + 
Ferrous Silver Ferric 
oxalate bromide oxalate 

FezB rs 
Ferric 

bromide 

+ (JAg 
Silver 
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(c) OHGAN I C D EvELoPEHs 

347. The Developing Function . With the 
exception of certain derivatives of hydroxyl
amine and hydraz ine already mentioned (§ 345), 
and of which none is used in pract ice, a ll organic 
developers belong to the aromatic series (deriva
ti ves o[ benzene, toluene, na phthalene, and other 
coal-tar substances) . Laws making it possible 
to say whether an aromatic body of known 
constitution is, or is not, a developerl were 
formulated simultaneously and independently 
in 18g1 by A. and L. Lumiere, in France, and 
M. Andresen in Germany . Since then they have 
only received modifications and additions o[ 
secondary importance. 2 

348. Normal Constituents of a Developer. 
Although it is possible to obtain faint traces of 
an image (L. P. Clerc, I g0g; E. Cousin , I g12) 
by treating a sensitive film in a very dilute pure 
aqueous solution of some developers (diamino
phenol , para phenylene-diamine, and its deriva
tives, etc. ), it is usually necessary , in order to 
obtain a vigorous image in a reasonable time, 
to render the developing solution alkaline, so 
that the hyd robromic acid resulting [rom the 
reduction o f t he silver bromide may be neutra l
ized as it is formed . A pure aqueous solution of 
hydroq uinone does not develop, but a solution 
containing 5 per cent of hydroqui none and 5 per 
cent of caust ic soda develops a satisfactory 
image in a bout three minutes, without fog or 
appreciable sta in (c. E. K. iVIees and C. W , 
Piper, IgIl). The caustic a lka li may, moreover. 

I It is not possible t o enter here into th e detai ls o f 
these laws, and it mu st sufTtce to indicate the chief 
of the m, taki ng it for granted th at th e reader is familiar 
with the chemical te rm s used in outlining them. 

In order that a substance o f th e aromatic series can be 
a de veloper it is necessary that the aromatic nuc le us 
should co ntain either two hyd roxyl (O H ) groups or 
two am ino (N H 2) groups , or, again, o ne hydroxyl 
and one amino. Thi s condition ho lds good onl y in 
the para series o f compound s , a nd, as a rule , in the 
ortho series; it ceases to appl y in the meta series. 
More simply , it may be said that an aromatic derivative 
is a developer only if it can g ive ri se to a quinone on 
ox ida tion (j. Desalme , 19 10) . Thus, of the three 
cl iphenolic derivati ves o f benzene, iso me rs o f the 
common form ula C6 H.} (O H)2' hyd roq uino ne (para 
derivati ve) is a n e nergetic developer, pyrocatech in 
(O l'tlto derivati ve) is a poor developer, and resorcin 
(meta derivative) is not a develope r a t a ll . 

2 It seem s poss ible to s tate now a muc h more gene ra l 
ru le (\\ '. He ind el'S, ' 934 ; M . Abribat, 1935 ) : An y 
system of wh ich the reduc tion pote ntial is inferior tu 
O ·lL volt constitutes a de velope r. Develo pers hav lng 
alm ost the same reduction pote ntia l may, however, 
develop identical latent im ages (same exposure on 
differen t p ieces o f a g iven sensitive layer) at very 
di fferent speed s. 

be replaced by the salt of a wea k acid , easil y 
dIsplaced by the hydrobromic ac id and not 
itself preven ting development . Thi s is the case 
with the carbonates and vari ous ot her sa lts, 
among which a re the sulphites. With the latter, 
development is exceedingly slow, except with 
the developers capable of developing an im age 
111 an aqueous solutIOn (about one hour is required 
to develop a complete image in a very concen
trated sulphite solution of pyro). Development 
is completed in a normal time by adding a 
carbonate (of soda or of potash) to the pure 
aqueous solution of a developer substance, but 
these solutions (like nearly all others com
pounded with a caustic alka li ) oxidize in the 
air with very great rapidity, thus giving r ise 
during the time necessary for development, t~ 
brown oxidation products, which st rongly sta in 
the gelatine. ' 

In 1882 H . B . Berkeley observed that the 
addition of a sulphite to the alkaline solution 
of a developer considerably delays this oxidation 
and opposes the formation of the highly-coloured 
products obtained in the absence of this preserva
tive. While sulphite must be considered a 
necessa ry const ituent of a ll developing solutions 
compounded with organic developers, i t is not 
entirely advantageous. While it increases the 
energy of a solution of param inophenol and 
carbonate (iVI . Andresen, 18g8) , it reta rds 
development with a solution of hydroquinone 
and carbonate (]. Desalme, I g21), and furth er
more, as a solvent of silver bromide (with which 
it forms a soluble double sulphite) it favours 
the formation of fog. 

Finally, in many cases a bromide, added in 
small quantities to the developing bath, must be 
used as a restrainer of chemi cal fog (§ 336 to § 338) . 

349. Mixtures of Developers. Whil e the num
ber of developers is considerable, a ll are not of 
the same im portance ; the practical properties 
of many of them do not differ to any materi a l 
extent, and changes in the rela tive quantities 
of the various constituents of a given develop
ing solution often cause greater differences than 
those between one developer and ano ther. 

Moreover, it is often possible, by combining 
two developers of different charac ter in suitable 
proportion, to obtain results very superior to 
those obtained by using one developer a lone . 
The type of these mixed developing solutions 
is that prepa red with metol and hydroquinone, 
the Important properties of which were empha
SIzed by Liippo-Cramer in Ig02. In such a de
veloper the image appears rapidly , the shadow,; 
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fo llowing quickly on the high-lights (character 
of metol) and density then builds up rapidly 
(characte r of hydroquinone) .l Moreover, the 
chemical fog, so frequently given by metol, and 
the ye llow fog, due to hydroquinone, are thus 
avoided at one and the same time. 

The same advantages follow in all cases of 
combining a developer of high reduction poten
tial wi th one of low reduction potential, e.g. 
meto l and glyc in, or metol and pyro. 

Similar results to those obtained by these 
mix tures can be obtained by various definite 
combina tions of developers with different char
acters, e.g. compounds of a polyphenol with 
an am inophenol or polyamine, described by 
Lumiere and Seyewetz from 1899 to 1913; 
hyd ra mine, metoquinone, and chloranol (§ 363) , 
a ll substances developing the latent image in a 
sulphite solution, and considerably energized 
by rendering this solut ion alkaline. It is a lso 
possible to obtain very similar developing 
solutions without needing to isolate these 
compounds, by mixing the two separate devel
opers in sui table proportions. 

350. Oxidation Products of Developers. In the 
presence of sulphite there is not the produc
tion of highly-coloured compounds, compar
able to the humic ac ids (humus) which form in 
the oxidation of nearly a ll developers, and 
especia lly with the polyphenols, but a ll oxida
tion is not prevented, and it is of course not 
possible to prevent oxidat ion due to the reduc
tion of the sil ver bromide. The products of 
oxidation formed during development often 
attach themselves to the gela tine in the very 
places where they have been formed, causing 
a tanning of the gelatine, which takes p lace 
more completely according to the density of 
the silver image at the pa rt icular parts ,2 and 
sometimes forming an actual secondary image, 3 

1 The advantages of the two associated developing 
age nts do not man ifest themselves s imul ta neously 
except within a li mi ted range o f a lkali nity o f the 
d eve loper. In a very feebly a lkali ne d eveloper (pH 
less than 9) h ydroq ll inone p lays no part a nd can be 
omitted (M. C. F. Bell kers, 1936). 

2 The localized ta nning of the gelat ine gives rise to 
unequa l co ntractio ns o f the film during drying after 
the vario us operatio ns. These inequalities are appre
c iable in measurements calling for a high degree of 
accuracy, for which rcason tanning developers a re not 
used in astronom ical w ork. I n development with py ro 
thi s tann ing of the gelatine tends to obstru ct diffusion 
action, and, in co nsequence, to res ult in lower densities , 
the length of the straight portion o f the cur ve being 
th us redu ced towards t.he over-exposure end. 

3 This secondary image can be shown by d issolving 
away t he s ilver image with Farmer's red ucer (§ 459). 

frequently in conjunction with a general staining 
of the gelatine. 

Of the developers in general use, pyro exhibits 
the above-mentioned p roperties most strongly 
when not protected by a relatively la rge propor
t ion of sulphite_ I n addit ion to a slight yellow
brown stain extending over the whole image , 
there may be observed, after complete removal 
of the silver (e.g. with F armer's reducer), a 
brown image, not of great visua l in tensity, but 
which, by reason of its highly inactinic colour, 
is often strong enough to allow of sa tisfactory 
prints being made from it. 1 

The secondary image given by the oxida tion 
products of many developers can play t he part 
of a mordant (§ 603) towards severa l basic dyes 
(Lumiere and Seyewetz); it can a lso cause t he 
reduct ion of various metal salts (1'. Leiber, 
1931)2 

35I. R ole of Sulph ite. The quantity of sul
phite to be used in a developing solution 
depends on the nature of the deve loper and of 
the substances used t o render it a lkaline, on 
the dilution of the ba th, on the degree of keeping 
quality desired in partly emptied bottles or in 
developing tanks, and on the prevailing tem
pera ture. 3 

Certain developers which a rc not pract ical ly em
ployed, leave in the gelatine a secondary im age of 
prono unced colour. \Vith indox )' l this im age 1S blue : 
with thio- ind ox y l, red (B. H o molka, 1907). Atte m pts 
have been made to produce in practi ce images of various 
colours by simple develo pment, wi thou t using ra rc 
3u bstances, by incorporating in the sensitive film a 
substance which gives by reaction with the oxidation 
prod uc t s of suitably chosen devel opers (phenylene
diatllines and their derivatives, for in stance) a colou red 
substance (insolu ble in water) or its lellco base, later 
converted into a dye by ox idation. These ph eno mena 
have been utilized in the Kodachrome process (§ 883). 

1 The insolubility and impermeability o f gelatine in 
the densest parts o f a n image developed with pyro 
(without , or with v ery litt le , sulphite) have been 
frequently employed in vario us photo~ mechanical or 
semi-tllcchanical processes, e.g. fo r forming a res ist, 
on metal , towards an etcl). ing bath, o r for the local ized 
absorption of dye which is afterwards transferred to a 
mo ist film of soft gelatine. The abso rption o[ act ini c 
rays by this colo ured image allows of a negative be ing 
in te nsified by repeated re-development (§ 454) . 

2 For in stance, it is possible to chlorinate the s il ve r of 
the image in a solution of copper sul phate and hyd ro
ch loric acid . Thi s is followed by ri nsing, treatment with 
dilute am monia, and fi xing. There is on the image a 
deposit o f collo idal si lver of extremely fme grai n. It 
wou ld also be possible to deposit on the secondary 
image various coloured ferrocyanides by means o f 
bath s commonly u sed in t o ning (Cha p. XXXVIII. (It)) . 

3 It h as been p ointed out (M. L. Dunclon and ] . I. 
Crabtree , 192 4) t hat used developing baths, kept fo r 
long in corked bottles o r in deep tanks, can g ive rise 
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For instance, very li ttle sulphite is required 
with glycin (the spontaneous oxidation of which 
is negligible) and with pa rapheny lenediamine 
(the oxidat ion products of which a re then a lmost 
colourless) , while a relat ively la rge quanti ty 
is req uired with pyro solu tions to avoid staining 
the image . 

Developing solu tions made alkaline wi th 
caustic a lka lis tend to oxid ize more rapid ly than 
those containing carbonates ; fo r this reason the 
sulphi te content should be somewhat increased 
with the former. All other condi tions being 
equal, t he proport ion of sulphite to developer 
must be grea ter in a d ilute solution t han in a 
concen t ra ted one. 

Wi th most developers, if the developing 
solu tion is prepared shor t ly before use and is 
used once only, a sulphi te con tent of about 
I per cent is sufficient. It is, moreover , at this 
st rength tha t the solubili ty of silver bromide I 

in solu tions of sulphite reaches it s m inimum, 
thus markedly reducing chemical fog (!VIees and 
Piper, I912). The amoun t of sulphite m ust be 
increased when a developing solution has to be 
kept long in a partly empty container, especially 
when t here is a large surface in contact with 
a ir (solu t ion left in a developing tank without 
a floating cover) a nd in a ll cases where a ir has 
free access to the emulsion during its develop
ment (develop ment of cinema fi lm on cont inuous 
machines or d rums, a nd development in tanks 
where the developer is kept in motion by a 
stream of a ir). 2 

F ina lly , as an appreciable rise in temperature 
a lways accelerates the atmospheric oxidat ion 
of the developing solu t ion , it is necessary in 
hot climates to counteract this effec t by in
creasing the quantity of sulphite specified for 
use in temperate coun t ries. 

352. The fact that a small quantity of the 
silver halide dissolves in the sulphite of soda 
used as a preservative of the developing solu
tion against oxidation results in the solution 

to a fog due to the bacterial formatio n of sulphides 
from the sulphite in the developi ng solutio n. This 
tro uble , which has bee n noticed in some cin ema printing 
works in the Pari s district using water unfit for drink
ing, ca n be avoided by sterilizing the water or by adding 
suitable an tiseptics to the d eveloper, such as sodium 
flu os ili cate (W. T riepel. 1933). 

l Owing to the lTIuch greater so lubility o f s ilver 
chloride in sulphite solutions, the amount of this salt 
must be very small in the special developing solutions 
for positive e mu ls io ns with s ilver chl oride. 

'Let us add that t his m ethod of agi tation is abso· 
lutely to be deprecated. owi ng to the speedy exha ustion 
of all baths other than solu tio ns of glycin . 

behaving, to a certa in extent , like a physical 
developer; the d issolved silver sal t is reduced 
by the developer and deposits i tse lf , partly in 
the liquid and on the walls of t he tanks, and 
partly on the image i tself, wh ich is thereby 
reinforced . 

In those parts of the film where there is no 
image, which is especia lly the case with shadow 
parts of large size in an under-exposed negative, 
the reduced silver has not in it s neighbourhood 
germs on which it can deposit it self selec tively, 
and it then deposits itself in a nearly uni fo rm 
manner, in the state of colloidal silver, thus 
constitu t ing one of the forms of dichroic j og 
(§ 433) . T his fog occurs especially with hydro
quinone developer, containing much sulphite, 
or that is warm, when development is unduly 
p rolonged. 

It may inciden tally be mentioned that a 
ba th conta ining plen ty of sulph ite genera lly 
avoids the local fog wh ich somet imes tends to 
form on negatives developed vertically in metal 
frames if the metal is not one of those specified 
(§ 264) as being without action on the developing 
solu t ions . 

353. The ac tion of sulphi te is not t he same 
with a ll developers . While certain developers 
derived from diphenylamine a re, after oxidat ion, 
indefini tely regenerated by sulphitc (J. Desalme, 
I 910) , that is a special case, limited , un fo r
tunately, to substances which have not come 
in to general photographic use . 

Besides protect ing the developer against 
oxidation , l an impor tan t part p layed by sul
ph ite is the prevention of the fo rmat ion of the 
highly-coloured oxidation products of developers, 
which are capable of staining the gelatine. This 
ac tion takes place either by the sulp hitc red ucing 
these coloured substances to the state of colour
less leu co bases, or by reason of the oxidat ion 
of the developer, in the presence of sulphi te , 
producing products d ifferent from t hose obtained 
in an a lka line solu t ion containing no sulphi te. 2 

354. R ole of the Alkalis. Th e alka li , whi lst 
playing the part of an elec tro lyte in the develop
ing ba th , m ust also assure the neut ra li za tion of 

1 I t shou ld , moreov er, be noted that several devel
opers (particu la rl y hydroq uinone and paraminophenol), 
if added in very minu te quantity to a sol ution of 
sulrhite, re tard very markedly the ox idatio n of the 
latter by the oxygen of the a ir (Lumicre and Seyewetz. 
1905) . T llCY probably oppose the catalytic actio n o f 
various metallic salts, par ticularl y copper salts , which 
may be p rese nt in quantities so small as to escape 
detection. 

2 Thu s, in the case of hydroqu inone, the firs t prod uct 
o f oxidation is hydroqlli no ne soda monos lilphonate 
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the hydrobromic acid, which otherwise would 
arrest development at the outset . Also, when 
the developing substance is a salt (e .g. the 
hydrochloride or sulphate of an aminophenol or 
d iamine), it is needed to liberate the base ; or 
when the developer is a phenol (a polyphenol 
or aminophenol) it is needed to form a salt with 
at least part of the phenol compound. 1 

Owing to the disintegration of the gela tine, 
which is easily produced by the caustic alkalis 
(when present in excess of the quantity requi red 
to form the phenolate) , it is customary to use 
in place of them the corresponding carbonates 
(or, sometimes, basic phosphates, borates, or 
silicates. In an aqueous solution, a minute 
proportion of the carbonate is dissociated into 
caustic a lka li and bicarbonate (or d ibasic phos
phate) and can therefo re play the part o f a 
reserve of caustic alkali wh ich is constantly 
replenished as long as the mixture contai ns 
available carbonate. 

At the strengths generally used in developing 
baths (5 per cent to 10 per cent) the alkaline 
carbonates accelerate the diffusion of the liquid 

(J. Pinnow, 19 13) ; in the case of spontaneous oxidation 
there arc formed-

C,H,(OT-I ), + 2Na,SO, + 20 = C, H , (OH ),SO,Na 
Hydroquillollc Soda sul phite Oxygen I-I ydroquinone sulpho1L a te 

of socia 
+ Na,SO., + NaOH 
Soda sulpha te Caustic socia 

and, in the case o f development . 
C,H, (OH), + 2Na,SO, + 3NaOH + 4AgBr 

Hydroquin onc Soda sulphi te C:lustic soda Silver bromide 

= C,H,(OH),SO,Na + Na,SO, + 4NaBr + 4Ag 
I-iyclroquinonc sulphona te Soda sulpha te Sotlilltll bromide Silver 

Oxidation end s with hydroquinonc-c1isu lphonatc (the 
reactions are the same with pyrocatec hin) except when 
the alkali is fo rm eci in the bath a t the expense of th e 
sul phite by additio n o f forma ldehyde or o f ketone, in 
which case th e oxidation stops at the mo nosulphonate 
(A. Seyewetz and S. Szymson, 1034)' The formation 
of qui none is impossi ble in these co nd itions: the addi
tion o f q uinone to a solution of sulphite g iving the 
monosulpho nate which constitutes a developer . 

The form atio n o f caustic soda by atmosp heric oxida
tion of a sulphitic solut ion of hydroqu inone explain s w hy 
such a solutio n, whic h is almost incapable of deve lop
ing a n image whe n freShly prepared, beco mes very 
active after standing for a few days in a half-full bottle 
(Liippo-Cramer, 193 1) . 

1 The r6 le of the a lkali in the d eveloper appears t o 
be that o f ensuring to the bath a g iven d eg rce o f 
a lkali nity. At an equal alkalinity (same conce ntrat ion 
values in h ydrogen ions expressed by cClual pH valu es) 
all the a.lka lis behave in an identical manner to\Vard ~ 
a given developer. In the use of caustic a lkalis t he co n
stallCY o f the a lkalin ity of the bath is possible only by 
the addition o f buffer salts ; mixtu res of sulphite and 
o f a carbo nate, phosphate, et c., have not to be bu ffe red 
(G. P. Faerma n and N. N. Schischki na , I9 33) . 

into the gelatine, without affecting the gelatine 
or causing excessive swelling. 1 

During development, a bath rendered alkaline 
by a carbonate becomes charged with bi car
bonate, which plays prac tically no part as an 
a lkali.2 Thus, when it is desired to strengthen 
a bath in continuous use, a little caustic a lkali 
may be added to convert this bicarbonate into 
normal carbonate. 

Ammonia and ammonium carbonate can act 
as alkalis in developing baths, but their use is 
limited to a few special cases. They are solvents 
of silver chloride and bromide, and so favour 
the production of dichroic fog ; in a slow-act ing 
developer rendered alkaline by ammonia the 
contrast of the image is res tricted because a 
considerable portion of the sil ve r is deposited 
on the sides of the dish , this portion being 
the la rger as the strength of the ammonia is 
higher, the grain finer , and development slower 
(]. Vidal, 1931). While the true amines (am
monia substitutes) have never been used on 
account of their offensive smell , many of their 
derivatives have been employed in phenol or 
amino phenol developers : aminoacetate of soda 
NH 2CH 2C02 Na (Hoechst Fa rbwerke, I go r ), 
a lcoholamines, particula rly triethano la mine 
N(C2H.0l-Ih, and its salts (1\1. L. Dundon, 1932) , 
etc. 

Sulphite of soda tends to dissociate itself, at 
least in very weak propo rtions, in to soda 
bisulphite a nd caustic soda , thus permi tti ng of 
its use in preparing " non-alkaline" developing 
solutions with basic developers which ox id ize 
rapidly in alkaline solu tions. 

Any factor which increases this dissocia t ion, 
and particularly the addition of a substan ce 
capable of combining with soda bisulphitc, 
e.g. acetone and the a ldehydes (Lumiere anel 

1 Swelling of the gelati ne is almost co mpletely 
preve nted in a solution of 15 per cent o f anhyd rous 
soda carbo nate , the swelling being then o nl y about 
one-fiftee nth that which takes place in a 5 per cent 
solution of carbonate or su lphite , which sol utio ns arc 
less active than pure wate r in thi s respect. Satu rated 
solutions of alkaline carbonates are used for the almost 
instantaneo us drying of gelatine films saturated w ith 
water. 

2 As the b icarbonates are weakly alkaline salts they 
co ns id erably accelerate developm ent when us ing a 
bath containi ng s ulphite and a developer which works 
without an alkal i ; their action is pract icall y nil in 
an ordinary d eveloper. \Vhe n added to a de velopi ng 
·bath conta ining ca us.tic alkali, ihey co nvert the latter 
into normal carbonate, and so have been sugges ted as 
restra iners . I n co mparison with alkal is , borax is a very 
mild accelerator of d evelopmen t but far more active 
than the bicarbo nates; it has been suggested in place 
of carbonates in so me formulae. 
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Seyewetz, I896) , accelerates development in the 
case of developers working without an alkali , 
and even renders it possible to dispense wi th an 
a lka li in developers that usually require it. 
This particular action does not manifest itself 
fully except with the phenol ic developers (pyro, 
in part icular), which fo rm a phenolate with the 
alkal i available. Of these various mixtures 
capable of replacing the alkalis in developing 
solutions, the only one used in practice is tha t 
of soda sulphite and acetone. 

355. Effect of Soluble Iodides. The addition 
of a small quantity of an a lkal i iodide (0 ' 02 per 
cent to 0 ' 2 per cent) to a developing solution, 
causes, in the case of low-potential developers, 
and particularly hydroquinone, a very consider
able accelerat ion of the appearance of the image 
and , in some cases, also an acceleration of devel
opment itself (A. Lainer, I 891), this particular 
action being often referred to as the Lainer 
effect. The addition greatly modifies the Watkins 
"factor," in some cases . With hydroquinone 
(made up with carbonate), the" factor" rises 
from 7 to 28, but the addition is without effect 
in the case of metol (S . E. Sheppard and G. 
Meyer, 1920) . 

The same action is observed when the iodide, 
instead of being mixed in the developer, is used 
as a prel iminary bath, followed by prolonged 
rinsing in pure water, and the fact indicates that 
the ac tion of iodide is on the grain of the emul
sion and not on the developer it se lf (LLippo
Cramer 's hypothesis of nucleus denudation). 
The mechanism of this action is not yet under
s tood . 

The presence of an iodide in the developer 
prevents the fo rmation of black abrasion marks 
(LLippo-Cramer , I914), but not of white marks, 
and lessens the tendency to dichroic fog. The 
use of iodide also prolongs fixat ion because of 
the format ion, in the film, of yellow silver 
iodide, which is less rapid ly dissolved than 
silver bromide. 

In more concentrated solutions iodide pro
duces a weakening of the image equivalent to 
a reduction of sensitivity, and may produce fog , 
particularly in a developer con taining much 
sulphite. 

356. Use of Various Neutral Salts. Gelatine 
swells less in a bath if the latter conta ins salts. 
The excessive swelling of gela tine, wh ich occurs 
in warm climates during deve lopmen t and causes 
various fa ilures, may be avoided by adding to 
the ba th a neutral salt wh ich has only a neglig
ible effec t in development (L. J. Bunel, 19I O). 

Among the various salts which may be used 
(sulphates, nitrates, phosphates, oxalates, e tc.), 
soda sulph ate is usually chosen on accou nt of 
its cheapness . In moderate quan tities, these 
salts slight ly accelera te development with very 
d ilute hydroquinone developing solutions, have 
no action on h igh-potential developers, and 
slightly reta rd the action of pyro solutions. At 
the very high strengths requi red to prevent the 
swell ing of gelatine they retard development to 
an appreciable extent, a fact which is an advan
tage, for in this way it is possible to compensate 
in some measure for the accelera tion of develop
ment due to high temperature. 1 

At various times certa in advantages have 
been attributed to the use of the a lkali ferro
cyanides mentioned in some old formulae for 
developers. The complete uselessness of this 
add ition has been shown, in particular by P. 
Mercier (1892) . 

357. Various Additions. Soda thiosulphate 
(hypo), t he accelerat ing act ion of which on the 
ferrous oxalate developer has been mentioned 
(§ 346), reta rds development in a lkaline devel
opers, decreases the density of the image, and 
causes the fo rmat ion of fog, unless used in such 
large quantity that , like a ll solvents of the 
haloid salts of silver,2 it leads to the production 
of dichroic fog. Under certain conditions, it is, 
however , possible to increase the a mount of 
hypo up to the point when developmen t and 
fixat ion take place t oge ther (§ 392). 

On various occasions it h as been suggested 
tha t developmen t be slowed by increasing the 
viscosity of the developing solu tion by adding 
various thickeners, such as glycerine, glucose (W. 

1 In the case of developers (e.g. am ido!) co ntainin g 
a small pro portion of salts , the additi on of a large 
quantity o f soda s ulphate coagulates the coll oidal 
s ilver which tends to accumulate in the bath , particu
larly in the development o f fi ne-grain positive em ul
s ions, thus preventing this s ilver fro tn impregnating 
the gelatin e and thereby causing stains or a uniform 
coloration (L. Lobel, 1920). 

2 The addition to the developing solu tion o f thio urea 
(thiocarbam ide) and o f several o f its derivatives 
(thiosinnamine, thiourea chloride, te trammonia, etc.) 
gives rise to chem ical fog o ( co nsiderable den sity and 
of a reddish o r v iolet tint , in the portio ns of the film 
other than th ose where the (negative) image , a weak 
grey one, is developed . The net result is thu s a posit ive 
(J . \'Vaterhollse, 1890) . Owing to its many irregularit ies 
this methocl has no t been Iound practical for regular 
use in making reversed negatives or positives. 

It would seem that t his process has something in 
common with the erratic reversal ph eno mena which 
occur o n negatives which are subj ected to prolonged 
d evelopmen t ; the solvent of the silver bromide in this 
latter case is the soda su lphite of t he developer . 
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de W. Abney, 1897), sugar (L. Baekeland, 1899) . 
By retarding to a certain extent the interchange 
of liquids between the substance of the gelat ine 
and the bath in which it is immersed , these 
additions tend to cause the image to be formed 
to a greater extent at the surface of the fi lm, 
thus reducing contrast. The act ion, however, is 
not always very appreciable. 

The addition of alcohol has been sometimes 
advised to avoid the precipitation of the 
developer in concentrated developer sol utions, 
or to facili tate wetting. I n developers containing 
hydroquinone, if ethyl alcohol and , more sev
erely, met hy l alcohol, are added in 'appreciable 
proportion, they give rise to fog. Developers 
may also contain antiseptics (§ 351) and wetting 
agents (§ 369). 

In addition to desensitizers which can be 
added to the developing bath, and of which 
some hinder the production of aerial fog (§ 331 
to § 332), some commercial developing solutions 
contain an inert dye (usually cosine) serving to 
disguise the slight yellow or brown tinge, due to 
oxidation products of the developer, produced 
during preparation and bottling . 

(d) SUBSTANCES C HIEFLY USED I N MAKI NG 

D EVELOPING S OLUTIONS 

358. Organic Developers. The table on page 
241 is a list of developers in general use. It 
gives their common names, the corresponding 
commercial names, their chemical formulae, 
dates of in troduction for photographic use, the 
names of their a uthors, reduction potentials 
(as stated by A. H. Nietz, 1922) measured by 
the effec t on their speed of development exer
cised by potassium bromide 1 (the developers 
with the highest potentials being those least 
susceptible to the act ion of bromides) , and, 
in the last column, the m olecular weight 
(corresponding with the chemical formula). 

In the following paragraphs these developers 
are dealt with, according to the same classifica
tion, as regards their practical properties, with 
mention of some characteristics by which, if 
necessary, they may be identified. 

359. Polyphenol Developers. H ydroq1Jinone. 
Small , colourless crystalline needles, melting a t 
3360 F. (1690 C.) without decomposition. Very 
soluble in alcohol, ether, and hot water. Less 

1 Except in the case of amidol the fi gures g iven for 
the reduc tion potential a p ply to developi ng solutions 
rendered alkaline by a carbonate. I n so me instances, 
p articularly with parapheny lene diamine, t he potentia l 
is considerably increased when a caustic alkali is used . 

soluble (6 per cent) in cold water; insoluble in 
benzene. 

Formerly there was sometimes used a yellow 
hydroquinone which was a combina tion of hydro
quinone and sulphurous acid. It has no pract ica l 
advantage over the regular (white) product. 

Hydroquinone deteriorates in air, but slowly. 
It is used with alkali carbonates or caustic 
alkalis ; these solutions keep fa irly well. 

They do not stain either the gelatine or the 
fingers. Owing to its extreme sensitiveness to 
bromide, hydroquinone gives great density 
while retaining perfect transparency in the less
exposed portions of the image, and is therefore 
a favourite developer when copying drawings , 
manuscripts, etc., in black-and-white without 
intermediate tones. It is also largely used for 
the development of warm tones . 

For developing negatives of subj ects including 
half-tones, hydroquinone is almost always used 
in admixture with a high-potential developer, 
generally metoll (§ 349). 

Hydroquinone developing solutions are almost 
inert at low temperatures (550 F . and under). 

Pyrocatechin. Colourless crystalline needles 
or scales, the smell of which is similar to that 
of pyro, melting a t 1040 C. (2190 F.) without 
decomposition, very soluble in alcohol, ether, 
wa ter , and benzene. 

The oxidation products of pyrocatechin give 
rise, in gelatine containing the silver image, to 
a tanning effec t almost as complete as that due 
to pyro, at least when the sulphite content is 
small. From a practical poin t of view, pyrocate
chin does not offer any appreciable advantage 
over various other products of easier manu
facture. It occurs, as a rule, in German formulae. 

Pyrogallol . White crystalline powder of ex
treme fineness and lightness (I oz. of resublimed 
py ro fills a 10-0Z. size bottle) , fairly easily 
oxidizable. on account of its state of fine 
division, the dust remaining floating in the air 
after handling. Crystal pyro is commercially 
available and is free from these disadvantages. 
Pyro has a character stic smell; i t melts at 
1300 C. (2660 F.) ; it is very soluble in alcohol, 
ether, water (over 25 per cent), and dissolves 
wi th difficulty in warm benzene. 

1 The monochlor and mo nobrom derivatives o f 
hydroquinone (L l1 ppo-Cramer, 1899) are much more 
energetic developers than hyd roquinone itself, espec i
ally the brom ine derivative, the reducti on potential o f 
which (2 1) is so mewhat greater than that of metol. 
Both forms are known under the trade-name Adurol: 
they are less oxid iza ble than hydroquinone a nd give 
purer blacks. 
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DATA RELATING TO SOME DEVELOPERS 

Common Name and 
Com mercial N ame3 

:r, -a 

Hydroquinone 
Ouinol ,-

Pyrocatechin 

Pyrogallol 
Wron gly call ed 

Chemi cal Formula and 
Sc ientific Names 

· C6H, (O H )" I : 4 
Paradihycl roxybenzcnc, Phcnediol- I : 4 

· CGH, (OH)" I : 2 
Orth o::lih ydroxybenzene, Phc nccli o l- t : 2 

CGH, (O lf )" [ : 2: 3 
Tri hydroxybcnzcnc , Phcnetri o l- I : 2: 3 

&: Pyrogallic acid 

l 
(Piral = crystal
lized pyrogallol) 

Author and Date 
of U se in 

Photography 

W. de W . Abney: 
1880 

J. M. Eder and Toth : 
1887 

V. R egnault: 185 1 

Redu ction 
P otential 
(relative 
val ues) 

I 

7 

16 

Molecular 
Weight 

I 10 

I 10 

12 6 

- - ------- ------------------ ----------

'" Q) 

r Paraminophenol 

I 

Paraminocresol 
Manomet 

· C,H, (OH ) (N H" H CI)- I : 4 
Para-amin ophcnol hydrochl oride 
Amin ophcnol, J : 4 hydrochlorid e 

· C,H, (O I-l ) (C H,) (N H" H CI), 2: 4 
Hydrochl orid e of 2-mcthyl 4-amino-

phenol 

.~ I 
'" 

Metol 
Atolo, Genol, 
Elon , Viterol, 

Hydrochlori de o f paramino-o rth ocrcso\ 
C6H, (OH) (NH . CH " tH,SO,,), I: 4 
S u I phate o f me thylam in .>-parapheno l 

> 

-

Rhodol, Satrapol, 
Monol, .Scalol, e tc . 

Glycin 
l conyl 
1:(ociurol , 
Gl ycun iol 

Neol 

• • C,H, (O H ) (NH . CH,COO I-l ), [ : 4 
Para-h yel roxyph cnylglycin 
Para-hyd roxyphcnylamino acetic acid 

C,H3(O H) (COO H) (NH" H CI ), I: 2: 4 
l-I yLl roc h lo ricl c of para-amin osal icylic 

acid 

~ I Eikonogen . · C"H,(O I-l ) (N H ,) (NaSO,), 3: 4 : 7· 
+ 2! H 20 

I 
I 

• 

H ydrated am in o naphthol sulphona te of 
sodium 

· C 6 H 3 (OH) (NI [" H CI)" I: 2: 4 l Amidol 
Diaminophe noi , J-.I ydrochl orid c o f 2: 4-c1ia min ophcnol 
I)o imi, 
Diamo\ 

A. and L. Lumicre. 
M . Andresen : 
189 1 

1\1.. And resen: 189 I 

A. Bogisc h : 18g 1 

A. Bogisc h: 189 1 

M. Andresen: 1889 

A. Bogisch: 189 1 

6 145'5 

7 159' 5 

20 172 

I ·6 

306 

197 

-----------_ · __ ·_------1- ----·---- 1---------

Paraphenylene
diamine . • 

C6H, (N H ,)" I: 4 
Diaminobc ll zcne I : 4 (free base) 

M. Andresen: 1888 ro8 

~ l - ------- -_·_----------1----------1----- ----

Metoquinollc C, H 4 (OH )" 2C ,H 1(OH ) (NH . CI-T,) A. and L. Lumiere - 356 c • 

a Combination of h ydroq u in one and ane! A. Seyewetz: .-
~ melol base 190 3 .-u 
'0 

'" Chloranol C,H,CI(OH )" 2C,H ,,(O H ) (N H . CI-l,) A. and L. Lum iere 39°'5 -• • -a Combination o f hyd roquin one mono- and A. Seyewetz: , 
m c h lorid c and me tol base 19 13 ~ 

<.> 
~ 

u l Hydramine. C6 H. (OH)" C,H.(NH 2 ) , A. and L. Lumiere 2 18 a -• 

" Combination of hydroq uinone and of and A. Seyewetz: p.. 
para ph en y lcned iam i ne 1899 

Meri tol C6H.1(OH )" C , H I(K H 2) , - 21 8 
Combination of pyrocatechin a nd o f 

paraph c n y lc ned ia mine 

16- ( f· 563C) 
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Pyro is the developer most usua lly recom
mended for use wi th plates and film s of English 
and American orig in. T hese emulsions tend 
somet imes to g ive images of so ft contrast . 
H.ence, the advantage of a developer li ke pyro, 
which gives, in addit ion to the silver im age, a 
brown image of oxida tion products (§ 350). 

Pyro is certa inly one of the bes t developers 
known, but, in addition to the s ta ining of the 
ge la tine (which can be almost completely 
etvoided by increasing the etmount of sulphite), 
it hets the di sadvantage of staining the fingers 
and na ils a dark brown 1 (particuletrl y if used 
continuously) , unless means a re taken to keep 
the hands from contact with the developer. It 
is the developer preferred by workers who en
deavour during development to modify t he 
cha rac ter of t he image by variations in the 
composition of t he developing bath . 

Pyro developing solutions ready for use 
oxidize somewhat quickly, as ind icated by the 
ye llow or brown colour which they assume. It 
is t herefore customary to have two stock solu
tions, one containing the carbonate or caustic 
a lka li, and the other , the pyro , sodium sulphite, 
and a cer tain amount of sod ium bisulphite , as 
py ro is rela tively stable only in acid solution . 

With pyro the maximum energy is obta ined 
with a caustic a lkali, but the quanti ty must no t 
exceed tha t corresponding with the forma tion 
of the monophenolate (E. Valenta , 1902) . 
Alka li in excess of this proportion (45 parts of 
caustic potash or 32 parts of caust ic soda per 
100 parts of py ro ) leads to intense chemical fog 
and a very rapid discoloration of the baths. 

By addi ng ace tone to a solution of pyro in 
sod ium sulphite a developer is formed which 
g ives pleas ing warm tones on lantern pla tes 
when properly dosed with bromide. Th e smell of 
t he ace tone and the headaches which may result 
from its fum es forbid the use of this mixture 
except in perfec tly well ventila ted da rk rooms. 

360. Aminophenol Developers. P aram ino-
phenol. This developer is sometimes supplied 
as the free base, but it is then very rapidly 
oxidized, so tha t it is usually preferred to obtain 
it as a stable salt, generally in the fo rm of a 
hyd roch loride. 

1 To prevent a ll stains clue to the usc o f pyrogallo l 
it has been suggested to substitute (or it its co mpou nd 
with hexa meth y lenetetramine (a white c rysta ll ine 
powd e r unoxidizable in a ir), obtained by m ixing the 
aqueuus so lut ions o f 2 mol. pyrogallol and o f I moL 
hexamethy lenetetram ine, insolu ble in co ld water, but 
so luble in alkaline solutions, and very sensitive to the 
infl uence o f bromides. 

• 

Paraminophenol hydrochloride occurs in 
colourless crystall ine needles, decomposing with
out melting on heating. It is very soluble in 
cold water, somewhat less soluble in alcohol , 
and insoluble in ether. The addit ion of an a lkal i 
carbonate to a concentra ted aqueous solution 
of paraminophenol hydroch loride causes efferves
cence and the precipitation of the free base, 
which is very sligh tl y solu ble in wa ter and in sol u
tions of sulphite or carbonate. F or this reason it 
is impossible to prepare concentrated deve loping 
solu tions of pa raminophenol when the a lkali 
is a carbonate. With a caust ic a lka li t he free 
base is converted in to an extremely soluble 
aminophenola te , so that it becomes poss ible 
to prepare very h igh 1 Y concen trated developers, 
which are diluted from 20 to 100 times for use 
(Rodinal, Agfanol and their imitations) . Pa ra
minoph enol developi ng solutions keep sa ti s
factorily. 

Paraminophenol is one of those developers 
which have the least tendency to give chem ical 
fog when development is done wi th warm sol u
tions. It is therefore la rge ly used in tropical 
countries, but should be employed with an 
alkali carbonate anel not with a caustic a lka li. 

In the United States pa raminophenol is 
available in t he form of an oxa la te (I<odeton ), 
and the suggestion has been made to use it, 
preferably, in the form of a t a rtrate (J. Desalme, 
1924) the base of which is no t precipitated by 
carbonates, so tha t concentra ted solutions can 
be made without caustic a lkali and a lso without 
first having to isolate the free base, sodium 
tartra te being much more soluble than the 
chloride. 

Paraminocresol . This developer has no marked 
advantage over paraminophenol. During the 
war, when stocks of German metol were ex
hausted , and its manufac ture was not yet 
perfec ted in England , France, and the United 
States, paraminocresol was sugges ted as a 
substitute for metol, to which, however, it is 
far infe rior in energy. Its properties differ little 
from those of pa ra \ninophenol, and therefore 
do not need description. 

One of its immediate deri vat ives, Edinol, is 
scarcely of greater importance . 

M etol . Metol, known for metny years only 
under this German trade-name, occurs as almost 
colourless crystalline needles which decompose 
without melting when heated, arc soluble in 
cold water and in alcohol, anel insoluble in ether. 
Metol being one of the developers most subj ect 
to fraud, it is useful to note that it is quite 
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insoluble in ether 1 and also tha t it dissolves 
completely in three times its own weight of 
concentrated hydrochloric acid, in which the 
other aminophenols likely to be substituted for 
or mixed with it are only very slightly soluble. 

The free base of metol can be precipitated 
from very concentrated aqueous solutions of 
the sulphate by adding a carbonate. It can 
also be precipitated, even a t much lower con
centrations, by a comparatively strong solution 
of sulphite . Owing to its grea t solubility in 
alcohol, the la tter is sometimes used instead of 
part of the water when a more concentrated 
solution (to be diluted four to Jive times for use) 
is prepared. Concentrated solutions of sulphite 
can also precipitate metoquinone when an at
tempt is made to dissolve metol and hydro
quinone simultaneously. This trouble is avoided 
by adding the major portion of the sulphite 
after these developers have been dissolved, or 
by not dissolving the larger part of the sulphite 
salt until the mixture has been rendered alkaline. 
The presence of a little alcohol (§ 357) a lso pre
vents this precipitation to a certain extent. By 
combining these various methods it is possible 
to obtain metol-hydroquinone developing solu
tions two or three times as concentrated as the 
normal streng th. 

Although metol can develop in a non-alkaline 
solution of sulphite, it is usua lly rendered 
alka line by the alkali carbonates. Its energy 
becomes excessive with a caustic alkali unless 
very sma ll quantities are used , and there is a 
danger of chemical fog unless a fair amount of 
bromide is used, which precaution is often 
unnecessary with a carbonate, provided tha t 
the developer does not contain too much metol. 
Developing solutions containing metol and 
alkali carbonates keep well. They are well
suited for developing negatives known to be 
under-exposed. Contrary to a widely-held 
opinion, it is quite possible to obtain very 
cont rasting images, provided the plate is left 
sufficiently long in the bath. The contras t is 
less than with hydroquinone alone, but with 
the latter the effect is obtained partly at the 
expense of deta ils in the shadows. 2 

1 Stir the ether wi th some of the suspected subs tance, 
let it stand, and then p our o ff as mu ch o f the ether as 
poss ible into a wa tch-g lass , where there should be no 
r esidu ~ after the ether has evaporated. Any resid ue 
would probably be hyd roqu inone. 

2 The very rapid appearance o f the shad ow detail, 
which in many other developers is a s ign of over
exposure, leads many workers unaccu stomed to the use 
of metol t o shorten development. instinctively assigning 
to this developer a far too low vVatkins " factor." 

As a rule, metol is mixed with hydroquinone 
(§ 349), the developing solution thus obta ined 
being, from various points of view, di stinct ly 
superior to those in which either one or other of 
these developers is used alone. It keeps ve ry 
well, does not stain either the finge rs or the 
gelatine, gives as much detail as metol used 
alone, and nearly as much contrast as hydro-

• qumone. 
The skin troubles (similar to eczema) att ri

buted to metol are exc usively due to an im
purity (NN dimethyl paraphenylene d iam ine) 
and do not appear to have been experienced 
with metol of French make. 

Glycin. Very brilliant, colourless, crystalline 
scales , somewhat resembling mica, and melting 
and decomposing at about 200° C. (392° F ). 
Glycin is almost insoluble in cold water and in 
alcohol, insoluble in ether, soluble in dilute 
solutions of mineral acids (but not in acet ic 
acid), soluble also in solutions of sulphi tes and 
alkali carbonates (with effervescence if glycin 
be present in quantity) and in solutions of 
caustic alkalis . 

The chief characteristic of glyc in is that i t 
is practically inoxidizible by air either in the 
dry condition or in carbonated solutions, even 
when very dilute. It is therefore admirably 
suited for prolonged time development in very 
dilute solutions, especially as only a very small 
quantity of sodium sulphite need be added . 
This avoids the risk of dichroic fog, common 
with very dilute developing solutions of easily 
oxidized developers with which a proportionately 
larger amount of sulphite has to be used. For 
the same reasons it is very suitab le for t he 
mechanical development of cinema tograph film 
on continuous machines, or on revolving d rums 
which are partially immersed. 

In preparing developing solutions with glycin, 
potassium carbonate is usually preferred to 
sodium carbonate, since it is then possibl e to 
make up more concentrated stock solutions. 

Eikonogen . At the time of its introduction 
eikonogen enjoyed great popula ri ty . It lost 
much of its popularity on the introduction of 
metol, and is now used on ly in Germ any, the 
only country where it is manufactured. The 
same may be said of a developer of almost the 
same constitution, Diogen (acid aminonaphthol 
disulphonate of sodium). 

361. AmidoL Diaminophenol. Though be-
longing to the aminophenol class, this developer 
owes to its two amine functions very specia l 
properties which are possessed also by a 
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closely - related substance , Diaminoresorcine, 
formerly somewhat popular. 

Diaminophenol hydrochloride occurs in crys
ta lline needles, which are colourless or light grey 
(incipient oxidation , difficult to avoid in manu
factu re) and decompose without melt ing when 
heated. This salt is very soluble in water and 
almost insoluble in alcohol and ether. It dis
solves freely in solutions of sodium sulphi te , 
which are thereby partly t ransformed into 
bisulphite. This solution oxidizes fa irly rapidly 

. in ai r a nd must therefore be prepared shortly 
before use. The neutraliza tion, and particularly 
the a lkalinizat ion, of this solution co nsiderably 
hasten its oxida tion, which shows itself by a very 
deep colour (deep blue for the carbonates and 
wine red for the caustic a lkalis). On the other 
hand, an addition of bisulphi te or of a weak 
acid (boric, lactic, glyco llic, etc.) confers 
fa irly good keeping qua lities, the mixture 
being capable of being kep t for severa l days in 
an open container without any appreciable 
deteriora tion. 1 

Diaminophenol hydrochloride, as we have 
already seen (§ 348) , will act as a feeble developer 
in plain wate r solut ion. It develops fully when 
made up with sulphite, the speed being the 
greater as the solution is less acid . 2 As long as 
the mix ture conta ins neutra l sulphite, develop
ment proceeds, as wi th a ll usual developers, 
downwards from the free surface of the emulsion. 
On the other hand, when the neutra l sulphite 
has been entirely cover ted into bisulphite (by 
the hydrochloric ac id of the developer itself, or 
by acids separate ly added). development is ve ry 
slow, begins in the deepest layers of the emul sion, 
and only slowly reaches the surface , the image 
being visible first on the non-emulsion side 
(G. Balagny, 1912) . This depth development 
ta kes place only so long as the developing ba th 
has a distinct smell of sulphur dioxide (smell of 

I I t has also been shown (R. Namias, 1 9 21 ; Fauchey, 
1923 ) that sulphite sol utio ns o [ am idol can be preserved 
by add ing m et ol or hydroqui none (9 t o 18 gr. per 20 oz. ) 
which, however, plaY3 no part in the development of 
the latent image, the n taking p lace in an acid solut io n . 

As sulphite somet imes co ntain s s llla ll amou nts o f 
carbonate it is necessary to ne utra li ze it if it is desired 
to e nsure as perfect a s possible un ifor mity in t he 
developing solut ions prepared fro III different batches 
of sulphite. To do this , add to th e aqueo us solutio n of 
sulphite a drop o f a 3 per cent alcoholic sulu tion uf 
phe no l-phthalein (colourless) . The mlxture generall y 
turn s pi nk and thi s col our is re moved by adding drop 
by drop a d ilute solution o f bi sul ph ite, s tirring th e 
mixture a fter each addi tion . 

, Development is, however , very slightl y accelerated 
by t ra ces o [ bisu lphite (Lumiere and Seyewet z, 19 (0) . 

burning sulphur). It is based on the fact tha t 
the reduction of the silve r brom ide becomes 
possible only after the gela tine of the upper 
laye rs of the film (by combining with the 
sulphurous anhydride) al lows the liqu idliitering 
through to the deep layers to free itself from the 
excess of acid which prevents development. 1 

Developing solutions of amidol produce 
images of a perfectly neut ral grey-black. Th eir 
continuous use, at least in non-acidifled solu
tions, tends to stain the lingers and na il s a 
blackish brown . 

362. Paraphenylene Diamine. Thi s developer 
's sold either as the free base or as salts (usually 
the hydrochloride) . The free base and the 
water-soluble sa lts may cause eczema wherever 
their dust touches the skin . This does not occ ur 
with the aqueous solutions of these salts, and 
it can be avoided, even with the d ry product , 
by using it in the fo rm of sulphate or other salt 
insoluble in pure water and soluble only in 
sulphite or a lkali solutions. 

The free base of paraphenylene d ia mine occurs 
in colourless crystall ine plates, melting at 1470 C. 
(296.60 F.), slightly solu ble in water, fai rl y 
soluble in e ther, anc! very soluble in alcohol. 
It is a weak solvent of silver bromide. The 
hydrochloride occurs in the form of colourless 
crystalline p lates, decomposing wi thout melt ing 
when heated . It is very soluble in wate r, slightly 
soluble in alcohol, and insoluble in ether. 

In a p lain solution of sulphite it deve lops the 
la tent image, but on ly very slowly, development 
ceasing before the image has acquired sufficient 
cont rast. As only a pa rt of each grain has been 
developed, the image is fo rmed by a dep0:iit of 
ve ry linely divided silve r the density of whi ch 
is usually insufiicient. 

In a solution made a lkaline with an alka li 
carbonate it is possible to obtain a n image of 
normal density, but such a developer has litt le 
energy and does not develop the shadow detail 
of a correct exposure completely. On the other 
hand, a ve ry energet ic developing solu tion 
results from the use of a caustic a lkali, and even 
with a low sulphi te content th is solution keeps 
fairly well. The norma l oxidat ion prod ucts 
formed d uring development a re colourless . 

363. Addition Products of Developers. 111 eto
quinone. This delinite combina tion, wh ich must 
not be confused wit h a mixture of metol and 

l Thi ., has bee n proved by co verin g the c ln uls ion 
with a s heet o f gelat ine , w'hen the develo per fil t.ering 
thro ugh this sheet d evelops the image o n the surface 
o f the em uls ion . 
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hydroquinone, occurs in colourless crystalline 
flakcs mclting at r35° C. (257° F .), slightly 
~olub le in cold water (r per ccnt at r oo C., 
50° F.), morc soluble in hot water, very soluble 
in alcoho l, and slightly soluble in cthcr or 
benzenc. This compound is decomposed by 
mineral ac ids, even in dilute solutions, freeing 
the hydroquinone and yielding a salt similar 
to (o r idcntical with) metol. Metoquinone dis
solves wcll in a lkaline solutions, and with 
addit ion of sulphite thcse solutions keep well. 
Mctoquinonc dcvelops slowly in a non-alkaline 
sulphitc solut ion. This solution does not oxidize 
readily ; for rapid developmcnt it must be ren
dered a lkaline, usually with an alkali carbonate1 

C ILloranol and H y dramine" are no longer 
man ufacturcd . 

364. Sulphites, Bisulphites, and Metabisul
phites. N eu,tral Sulphites . The only ncu tral 
sulphitc commonly used in preparing developing 
solu tions 3 is the neutral sulphite of soda, or 
sodium sulph i te, supplied either as anhydrous 
or crystallized. One part of the form cr is cqual 
to two pa rts of the crystals, both forms being 
assumcd to be pure. 1 

Commcrcia l sodium sulphite crystals gener
ally contain from 80 to 90 per ccnt of thc pure 
substance, i. e. 40 to 45 per cent of the pure 
anhydrous salt, whercas the anhydrous sulphite 
rarely contains less than 90 pcr cent of real 
substancc. The anhydrous sulphite is supplied 
in a finc powdcr, like flour, and is not so heavy 
a nd bulky as the crystals. In the dry state it 
a lways kccps better than the lattc r (thc powder 
clots togcther and prevents the circula tion of 
air) thc pieccs of which are always more or less 
dehydratcd, and are sometimes partially con
verted into carbonate on the surface. u 80th 

1 It has been fo und, especially by A. von Hubl, that 
a. mixture o f 97 gr. metal and 3 I gr. hyd roquinone. 
a fter solution in s ulphite a nd with the addition o f 
62 gf. anh yd rous sod ium carbonate (corresponding 
exactl y with the neu tralization of the sulphuric acid 
of the meto l with formation of bicarbonate) or 22·5 
gr. of caustic soda, prod uces a mixture equi valent to 
100 gr . o f metoquinonc. 

:! Hyd ram ine precipita tes afte r a tirn e in concen
t.rated developers contain ing bot h hyd roq uillune and 
para p he n y Ic ncd iam inc. 

;} P otassiulll sulphite , owing to its greate r solubility, 
cnables morc co nce ntrated so lu tion s to be made. It is 
then usuall y prepared, in the bath itself , fro m potass ium 
metabisulphite. 

4 T his proport io n results from the co mparison o f the 
molecula r weig hts : Na,S03 = 126 and Na,S03 . 7H,O 
= 25 2 . 

, When using sulphi t e c rystals that a re ve ry thickly 
coated it is well to rinse them rapidly under a tap in 

forms contain a small amount of sodium sulphate 
and dithionate, produced by oxidat ion of the 
sulphite, which have no effec t on photographic 
operat ions, and traces of hyposulphite and of 
sodium chloride. Th is su lphate is formed 
especially by oxida tion in damp air. 

Sodium sulphite is very soluble in cold water, 
and still more so in tepid water (about 23 per 
cent at 68° F. and 44 pcr cent at I04° F. , these 
percentages being for thc anhydrous salt). 
When boiled, concentratcd solutions of sulphitc 
deposit the anhydrous salt . No attcmpt should 
be made to dissolve sulphite in watcr which is 
too hot, for it will only dissolve after partial 
cooling. Contrary to what occurs with thc 
crystals, anhydrous sulphite docs not lowcr the 
temperature of the water in which it is being 
dissolved. This fact, and thc rapidity with 
which it dissolvcs, cause the anhydrous salt 
to be preferred whenever thc devcloping solu
tion is heing compounded for imm ediate 
use. 

Sulphite solution s oxidizc rapid ly in a ir, and 
this change takes place morc rapidly the weaker 
the solution s. As far as possible the preparation 
of stock solutions of sulphite should be avoided. 
If such stock solutions a re absolutcly necessary, 
and providing they are uscd as quickly as 
possible, a 20 per cent solu tion of thc anhydrous 
salt may be made up and prescrved by addition 
of hydroquinone or para minophcnol to thc 
amount of about 5 gr. per 20 oz. 

The oxidation of sulphitc solutions is more 
rapid when they are alkalinc. In making up a 
developing solution from sevcral stock solution s 
it is necessary to avoid, as far as possible, dis
solving the sulphite and thc alkali toge thcr. 
Solutions of sulphite keep bettc r if slightly ac id, 
e.g. with thc addition of a little bisulphitc. 

Strong acids decompose the sulphi tes, pro
ducing first bisulphite and then liberating sul
phurous gas; this liberation does not take place 
when acetic acid is added to it solution of 
sulphite. 

Sodi~tm Bisulphite . Sodium bisulphite is 
usually obtainable commcrcia lly in thc form of 
a concentrated solution sold as 35° 8aume: 
(dcnsity r·320 at 60° F. ), containing about 
9 oz. of bisulphi te (Na HS0 3) in 20 oz. (455 grm. 
per litre) . This product is fa irly constant ill 
strength and contains few impurities. It de
tcriorates in the course of time, losing sulphur
ous acid (recognizable by its smell ) and leavi ng 
ord er to dissolve away th e outer crust and to dry the m 
before weighing . 
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a crystalline deposit of sodium sulphite and 
acid sulphate. 

It keeps better when less concentrated, and 
the occasional user will do well to di lute it with 
an equal quantity of water, being careful to take 
twice the amount for use. 

Solutions of bisulphite and baths containing 
bisulphite must never be left in contact with 
zinc or with galvanized iron, for the bisulphite 
would be reduced to hydrosulphite, which may 
gi ve ri se to fog. 

In the case of developing solutions made up 
from two stock solutions, the bisulphite is 
usua lly added to the stock containing the 
developer in order to enhance its keeping quality. 
Some of the alka li introduced when the two 
solutions are mixed is then employed in changing 
the bisulphite into neutral sulphite, l and this 
must be borne in mind when reckoning the 
quantity of a lkal i. Some formulae for one
solution developers, evolved by combining a ll 
the ingredients of two-solution formu lae , include 
neutral sulphite, bisulphite, and an alkali 
(caustic alkali or carbonate) , a prac tice which 
is without any logical basis. 2 

There is a lso commercia lly obtainable a pow
dered product which is a mixture of sodium 
metabisulphite (Na2S20 S) and various impuri t ies 
and is known as dry sod ium bisulphite. This 
rapidly changes, especially in damp air, to a 
mixture of acid sulphate and neut ra l sulphite, 
which, when dissolved, re-form the sodium 
bisulphite, but in a quantity smaller than that 
originally present. Potassium metabisulphite is 
to be preferred to this product in spite of its 
higher price, un less it is possible to asce rtain 
the amount of sulphurous acid contained in it 
at the time it is being used. 3 

1 \Vith the formatio n of bicarbonate when th e alkali 
is a carbonate. ., 

'When preparing d eveloping solutions on a la rge 
scale, it may sometimes be o f advantage to dispense 
with the neutral s ulphite, prod ucing it at the tim e in 
the bath fro m the co mmercial bisulphite solutio n and 
from an alkali (sodi um carbonate, or soda lye , for 
ins tan ce) . Some varie ties of sodium bis ulphitc con
tain traces of iron salts , which, with vario us d evelopers, 
espec iall y p yro , may g ive risc to more 0 1" less dark 
s tain s, by a process s imilar to that ill the produ ction 
of writin g ink. .. 

3 A solution o f sodium bisulphite can a lso be pre
pared fro m sodium s ulph ite and an acid, suc h as 
su lphuric or aceti c ac id. Su ch a solu t io n contain s in 
addition sodium s ulphate or sodium ace tate , which 
do not in terfere with the use of the bisulphite. T o do 
this , 9Q- oz . o f anh yd rous sodium s ulphite are dissolved 
in about 25 oz. o f tepid water, and with constant 
s tirring th ere is added 3t oz. by weight (abo ut 16 

Potassium M etabisulphite . Potassium meta
bisulphite (K 2S20 5) occurs in la rge, colourless 
crystals, which keep fairl y well ' a nd are very 
soluble in cold water (about 30 per cent ). The 
solution is partia lly decomposed when hot , a nd 
should therefore always be prepared with cold 
water. 

The equivalence between sodium bisulphite 
lye and potass metabisulphite is as follows,-

I oz . potassi um metabisu lphi te = 2 oz. 6} dram s (fl .) 
sodium bisulphite solu t io n o f 35 ° B e. 

1 oz. (n .) bisulphite solution = 525 gr. potassi um 
metabisul ph ite. 

The table on page 247 shows the quantities of 
the usual a lkalis required to neut ra lize sodium 
bisulphite and potassium metabisulphite, a ll pro
ducts being assumed to be pure. 

Under these condition s roo volumes of soda 
b isulphite lye produce about 60 parts by weight 
of anhydrous neutral sulphite ; and 1 00 parts 
by weight of potassium metab isulphite produce 
142 parts of neutral potassium sulphite, equal 
to II3 parts of anhydrous sodium sulphite. 

365 , Alkalis and their Subst itutes. Cal.tstic 
Soda. Caustic soda is sold in the fo rm of pla tes, 
sticks, or lumps, or as a concentra ted solution 
or lye. In the solid state 2 it is available in two 
qua lities, common or j.JUre (called " spirit" 
soda, because alcohol is used to separa te the 
carbonate fo rming its chief impurity). The 
white opaque pieces of soda a re deliquescent, 
drams by v o lume) of concentrated sulphuric acid 
previously diluted to a bout 5 o z. and cooled . The 
resulti ng so lution of bisulphite when diluted w ith 
water to make 35 oz. will be about equ a l to th e com
merc ial solut io n at half strength . I t must be re mem 
be red that sulphuric acid (o il o f vitriol) is a highl y 
corros ive fluid and must be handled wi th the utmost 
care. It must never be dilu ted by po uring water into 
the acid (risk o f sp u rt in g), but b y grad uall y adding 
very small quantities of the ac id to th e water with 
constant s tirring. A con tainer of thin glass or thin 
p orcelai n must be used, owing to th e great heat 
d eveloped . Sulphuric acid sho uld be kept in a bottle 
w ith a glass s t opper , and the bottle sho uld be stood in 
a saucer to catch drippings . 

The use (and especially the carr iage) o f sulphuric 
acid can be avoid ed by replacing it b y a soluti on v { 
sod ium bisulphate (not bisulp hite). Thi s is a so lid salt 
which is non-corrosive, and cheap , and o f which the 
acid eff ects are pract ically the same , when ' 3 pa rts by 
we ight o f the bisulp hate are used in place o f 5 parts by 
weight o f concen trated sulphuri c a.cid. 

l The cru st which cover:; the c rystal:-; th at have 
been kept a long tim e is composed of abou t 75 per 
cent potassium sulphate and 25 per cen t pota~s i u m 
d ithi onate. 

';1 The d issolutio n of cau stic soda in wate r liberates 
considerable heat : use cold water :lnd shake con
stantly to avo id local overheatin g wh ich may break 
the container or cause the caustic liqu id to spurt out. 
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and in moist air absorb carbonic ac id, being 
part ly converted into carbonate. Caustic soda 
is ext remely corrosive ; the fingers should be 
rinsed afte r handling it, and it should not be 
crushed unless the eyes are protected by goggles 
or the soda covered with a cloth. The soda and 
its so lutions must not be kept in glass-s toppered 
bottles ; corks soaked in parafiin-wax must be 
used. 

water, from which the gas is constantly tending 
to escape. The st rength of the solution is 
therefore continually decreasing, thus leading 
to great uncertainty as regards the quant ity 
actually present. 

Ammonia of 22° Be L (density 0'923 at 60° F. ) 
contains 19 per cent of ammonia gas (NHa). 
i.e. 39'5 per cent of the hypothetical hydrate 
(NH.OH). English photographic formu lae 

Socia Socia Potassiu m Caustic Soci a Caustic Potash 
For Neu tral izing carbonate carbo nate lye lye carbo nate soda p otash • 

anhydro us cryst . 36° Be 36° Be 

Gr. Gr. Gr. Gr . :Minims G r. iVIinim s 

100 gr. potassi lim mcta-
bisll tph ite • • • 95 258 124 36 go 50! 11 3 ~ 

- - - - -- - - -

100 min ims soda bisulphite 
lye 35° Be. • • • 50 137 

For use in quantity, caustic soda is best 
obtained in the form of lye, which is cheaper 
and a lways purer. Lye of 36° Be. (density , 
1'332 at 60° F.) contains 40 per cent of caust ic 
soda (NaOH ) ; the lye of 40° Be (density 1-383) 
contains 48 per cent. The use of one or other 
of these lyes allows of more correct dosage than 
the lump soda, which is always more or less 
hydrated. 

Canstic Potash. Caustic potash has the same 
appearance and the same co mmercial forms as 
caustic soda, and its properties are closely 
similar. In handling it the same precautions 
as for caust ic soda must be used. Potash lye 
of 36° Be. conta ins 44'5 per cent of caustic 
potash (KOH). 

Callstic Lithia (LiOH). White powder,! which 
does not del iquesce but must, nevertheless, be 
kept from air to avoid carbonation. It is much 
less soluble in water than the alkalis proper 
(about 7 per cent a t 60° F .). With some 
developers, e.g. paramidophenol, it may be 
advantageously used (in much smaller quantity) 
in p lace of the caustic a lkalis (A. and L. Lumi ere, 
1894) . 

Ammonia. From various points of view, 
a mmoni a may be co mpared with tbe caustic 
alkalis. It is a solution of ammonia gas in 

1 Caustic lithia is someti mes supplied as crystals 
LiOH , 2 H20 containing only 40 per ce nt active sub
stance. 

6-~ ) . 19t 48 26t 59 

usually mention the saturated solution (density 
0·880) , containing about 35 per cent of gaseous 
ammonia, but much less stable than the one 
above. The loss of gas can be greatly reduced 
by diluting the solution, when purchased, with 
an equal quantity of wa ter, twice the amount 
being taken for use. 

Ammonia was the first alkali used with pyro 
prior to the introduction of gelatino-bTOmide 
emulsions, but being a solvent of silve r bromide, 
it is apt to produce dichroic fog, so that its use 
has been discontinued except for a few special 
purposes . 

Sodium Carbonate. Sod ium carbonate is sup
plied either as an anhyd rous powder (Na2COa). 
called Solvay salt , and having the appearance 
of flour, or as colourless crystals (Na2COa, 
10 H 20 ). Assuming both products to be pure, 
their equivalence is.-

I part of anhydrous sodium carbonate = 2 ' 7 parts 
crystal carbonate. 

I part crystal sodium carbonate = 0 '37 parts an hy· 
drous carbonate. 

The anhydrous carbonate tends to absorb 
atmospheric moisture, whereas the crystals 
effloresce ; both tend to change to a stab le 
form , the monohydra te (N a 2COa, H 20 ), but the 
error from these varia tions is much less in the 
case of the anhydrous salt than in that of the 

1 The Baum6 hyd rometer mentioned here is the one 
usecl for liquicls less heavy tha n water. 
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crys ta ls. 1 Both salts, but especially the crystals , 
absorb the carbonic acid from the a ir and thus 
partia lly change to bicarbonate. 

The soda carbonate supplied as " washing " 
soda (" sal soda" in U. S.A. ) for household use 
conta ins a la rge proportion of inactive sulpha te 
and an excess of wa ter; it should not be used. 

Sodium carbona te is very soluble in water. 
A satura ted solution a t 60° F. contains more 
than r6 per cent of the anhydrous salt and 
44 per cent of the crystals. At 86° F . these 
strengths are 36 per cent and 98 per cent 
respecti vely . 

Potassium Carbonate. P otassium carbonate is 
supplied in the form of a white , powdered or 
granular , salt, which is highly deliquescent and 
must therefore be kept in a sealed container. 

At 60° F. a saturated solution contains 81 per 
cent of anhydrous potassium carbona te (1(2C03)' 
At the strengths usually employed in photo
graph ic developers the hydrolysis of the 
potassium carbona te (separa tion into caustic 
potash and bicarbonate) libera tes a much 
greater amount of caustic a lkali than does 
the hydrolys is of sodium carbona te , so tha t 
potassium carbona te gives developing solutions 
of greater energy. As its price is considerably 
higher than that of sodium carbonate, the la tter 
is sometimes substituted, with the addition of 
about 1 0 per cent of its weigh t of caustic soda . 

A mmonium Carbonate. Ammonium carbon
ate, used in making up some developers for 
warm-tone lantern slides, is supplied in the form 
of a salt , coming between neutra l carbona te and 
bicarbona te, called ammonium sesquicarbona te 
( (N H . )2C03' 2 N H 4H C03 . 2 H 20 ), and forming 
white , waxy-looking lumps, smelling strongly 
of ammonia owing to t heir gradual conversion 
in to bicarbonate. This salt is often covered 
wi th a white crust which must be rinsed off 
and the lumps rapidly dried before weighing. 
It is very soluble in cold water (ab out 2 0 per 
cen t) and decomposes much below boiling point, 
so that its solutions must be prepared with 
cold wate r. 

T ri-basic Sodium P hosphate. This salt (N aaP O 4 

. 1 2 H 20) must not be confused with ord ina ry 
sodium p hosphate (N a2H P O 4 . 12 H 20) or diso
d ic phosphate, which occurs in a lmost the 
same fo rm of colourless, p rismat ic, efflorescen t 

1 T his hyd rate, known as desiccated sodiu m car
bonate, is a co mmon co mlnercial form in the United 
States, and is often mentioned in American fo rm ulae ; 
I part of this salt is equal t o 0· 85 pa rts of t he anhydrous 
carbonate, and to 2 "2 5 pa rts of the cryst al. 

crystals . It is partially hydrolyzed in an 
aqueous solu tion and thus supplies a permanent 
reserve of caustic soda wi thou t the same conse
quences as regards the disintegration of the 
gela tine (A. and L. Lumiere, 1894). 

B orates of Soda . Among the numerous 
varieties of borates of soda ,luse is made of borax 
and meta bora te of soda. 

Borax is marketed in colourless crys ta ls 
Na2B 40" 10H20 , sliglltly efflorescent, and spar
ingly soluble in cold wa ter (7 per cent a t 59° F. ) : 
its activity in developing baths is intermed ia te 
between t hat of the carbona tes and of the bicar
bona tes . It is chiefl y used in preparing slow
acting developers. ' 

Met aborate of soda occurs in t he form of 
effiorescen t, colourless crystals NaB02, 4H20 , 
very soluble (33 per cent a t 66° F. ) in wate r , 
m elting at 122 ° F. in their water of crysta lliza
tion. When acted on by a tmospheric carbonic 
acid, this salt , eit her in the so lid state or in 
solution , gradually changes into a mi xture of 
borax and of sodium carbonate. Its p hoto
graphic activity is slightly superior to t hat of 
the carbona tes. 3 

The addition of a caustic a lka li to a solution 
of borax changes t his salt into meta bora te. 

Sodium M etasilicate. Sodium metasilicate 
(Na2Si0 3, SH20 ), which is used in the U. S. A. as 
a household de tergent under t he name of 
Metso, has been suggested as a su bstitute for 
trisodic phospha te and fo r sodium metaborate. 

Acetone. Acetone is sometimes used to libera te 
a part of the soda of the sulphi te, and thus to 
dispense with the use of an alkali . It is a colour
less liquid with a peculiar smell, very vola tile, 
inflamm able, miscible in all proportions with 
wa ter, alcohol, and ether. 

Acetone is an excellent solven t of many resins 
and is one of the best solvents o f celluloid. 
When a photographic film is immersed in a 
mixture of wa ter and acetone, the celluloid 
swells without dissolving, and the gela tine 

1 \ ,'lith p henolic developers having t wo hydroxy 
groups in the ort ho position (pyrocatechin, py rogallo l), 
the b~rates produce compou nds o f which the developing 
po\ver is very weak. 

2 B oric acid , which changes carbonates into bora tes, 
is sometimes llsed as a restrainer in developers ren
dered a lkaline by a carbonate; borax can play the 
role of a restrainer in developers rendered alka line by a 
caustic alkali . 

3 An advantage of lnetaborate of soda and of tri 
sadic phosphate is t hat there is not , as with carbonates, 
any li berat ion o f gases w hen an amul sion irnprcg natcd 
with developer is p laced in an acid stop-bath, there 
being t hu s less da nger of blisters . 

• 
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emu lsion coating tends to detach itself (Lumiere, 
1902). For th is reason developing solutions 
containing acetone should not be used fo r film s. 

366. Practical Equivalence of the Usual 
Alkalis. The normal amount of the various 
caustic a lkalis required for various developing 
agents is easily calculated (assuming pure 
products to be used) on the basis of forma tion, 
in a ll cases, of the monophenolate, and, in the 
case of the amin ophenols, of saturating the ac id 
of the salt employed. This method of calcula tion 
fails with paraphenylcne diam ine; the quant ity 
indicated fo r this particular case is one ascer
tained experimentally (J. Desalme, 19II). 

NOR~IAL A ~I OU:-;TS OF CA USTI C ALKAL IS RE QUIRED 
W ITH VAR IOUS DEVELO PERS 

For 10 grm. Developer Caustic Caus tic Caust ic 
po tash soda lithia 

Grm. Grm. Grm 
H yd roquinonc • • • • 5' 10 3'63 2,, 8 
Pyro . • • · • • 4 '4 5 3' I 8 I , <] I 
Param illophcno \ (free base) . • 5 ' 15 3 ·68 2' 2 I 

Paraminophenol h ydrochloride • 7'70 5"50 3' 30 
t-.'1 etol • • • • • 6'50 -"65 2'79 
G\ycin • • • • • 6 '70 4 .80 2 -87 
Paraphcnylcnc -d Lllnill c (frcc base) ~ 16'0 --

Considerat ions of chemi cal equivalence, based 
on the power to neut ra lize a given quant ity of 
a n acid, do not permit of equivalence being 
worked out between the caust ic a lka lis and their 
subst itu tes, particularly as the amounts of 
sodium carbona te and potassium carbonate 
equivalent to a certain strength do not seem to 
be equivalent at another strength of the same 
de\'e loper, and furt hermore there is no propor
tionality between t he equ ivalent amou nts as 
regards different developers. 

It is only possible to consider as equ ivalent 
those quantit ies of alkalis that bring the 
developer to the same degree of alka linity , i.e. 
to the same pH value (§ 354). 

The following table (after Lumiere and 
Seyewetz, 1906) indicates the various amounts 
required with various developers as compared 
with 10 grm. of caustic soda. 1 

Caustic Sod ium Sod ium Potassi Ull1 carbon::l te ca rbonate soda carbonate anhydrous crys tals 

Grm. Grm. Grill. Grm, 
H yclroqllinonc • • <0 96 ,60 75'5 
Pyro, • • · <0 34 '2 92'5 3 2 '4 
Mcto l • • · <0 34 '2 9:2 ' 5 28'2 
Glyein , , . <0 '" 330 74· 5 
Chemically (quivalc llt 

quanli ties • · <0 26'5 71 '5 34 '5 

1 In 1925 Sheppard and Anderso n shoy/ed that, at 
east as regards metol-hydroquinone developers, there 

367. Alkali Bromides. Potassium Bromide. 
Small anhydrous crystals (KBr), colourless or 
white, cubical in shape, very soluble in water 
(over 60 per cent at 60° F. ), insoluble in alcohol; 
the chief impurity is potassium chloride, which, 
however , does not in terfere with the action of 
the bromide. Potassium bromide is a perfectly 
stable salt. 

Sodium Bromide. Sodium bromide is a very 
deliquescent salt , of very variable composition. 
It is appreciably cheaper than potassium 
bromide, but can only be used where sufficient 
quantities warrant the trouble of ascertaining 
the quantities to be used, the sa lt being made 
up into stock solutions as soon as purchased. 

A mmonium Bromide. This occurs in the fo rm 
of small colourless crystals of anhydrous salt 
(NH4Br), which is slightly deliquescent, and turns 
yellow on long exposure to light. It is even 
more soluble in water than potass ium bromide 
and is slightly soluble in alcohol. It slowly 
decomposes at boiling point. It is used in 
some fo rmulae for warm-tone developers. 

(e) THE PRACTI CE OF DEVELOPMENT: 
. GENERAL NOTES 

368. Preliminaries. Before beginning the de
velopment of a negative it is necessary to see 
that a ll solu t ions and utensils arc at hand. 
The tanks or dishes should be so arranged that 
the negative being developed may be transferred 
from one to another in their proper sequence. 1 

They should be charged with the vari ous baths 
required, care being taken that the temperature 
of these baths is about the same as that of the 
dark-room, which temperature should , whenever 
possible, be between 60° and 65 0 F. 2 

is a practical equivalence be tween the quantit ies that 
are chem ically equivalent o f the carbonates of soda 
a nd potassium (chemically pure); on ly with very 1IIlI eh 
curtailed development does potassiu m carbonate seem 
more energetic than sod ium carbonate, It should, 
however, be noted that ordin ary potassi um carbonat.e 
co ntains traces of caust ic potash, w hich distin ctl y 
increase its activity. 

I n a metol-hydroquill one developer, K. Tch ibi sso f 
( 1<)29) ascertai ned the approx ima.le equi va lence o f 
I grm , caustic soda and 18 grill s, anhydrous sodiu m 
carbonate. Even so, the negatives developed \\'jih 
caustic soda had in th e shado ws some details that 
were not v is ible in the negatives deve loped with 
carbonate, 

1 The dishes co ntainin g the fixin g bath must be 
placed so that no splashes can reach th e developer. 

2 In the case of devel opment in deep tanks, in which 
the bath is kept when not in use, the sc um o n the 
surface of the liquid mu st be skimmed off by pass ing 
a piece of filter paper over the surface, t hus collecting 
a ll the floating impurities cap able o f adhering to the 
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When the various baths, and particularly the 
developer, a re prepared a t the time of use by 
mixture or dilution of stock solutions, the water 
used for dilution should have been kept for a 
while in the dark-room in order to acquire its 
t emperature. In a ll cases be careful not to 
dilute with water straight from the tap. The 
tap water is usua lly colder than the develop
ing solution, and it also contains a ir which 
separates in bubbles when the mixture becomes 
warm; these bubbles may adhere to the gela tine 
of the negat ives, preventing the developer from 
acting a t these points. 1 

To ensure th e perfec t uniformity of a mixture 
it is necessary to stir vigorously (§ 278). On no 
account should the various liquids to be mixed 
be poured separate ly in to a shallow dish, where 
it is very difficult to obtain a uniform solution 
even after prolonged agitat ion. It is still more 
important to avoid a direct addition to the bath 
during development of nega tives. When de
veloping in a dish, the developers must be 
poured back into the g raduate, and any required 
add itions t hen made. When developing in a 
tank, the nega tives must be removed, and the 
developer stirred energe tically a fter adding the 
new solutions. 

It is essential that every care be taken to 
ensure uniformity of treatment during the 
various manipulations. For this, the emulsion 
must be wetted almost simultaneously at a ll 
points by a perfectly uniform developer, and the 
pla tes or hlms must be then moved severa l times. 

It is specially essential that the solutions used 
shou ld be perfectly clear, as any suspended 
matter produces a spot where i t se t tles on the 
emul sion. All stock solutions and b aths pre
viously in use should therefore be poured off 
from any sediment. 

369. Wetting Plates and Films before Develop
ment. I n quantity work with sensitive materia l 
in long bands (e.g. cinematograph him), the 
adherence of air-bubbles to the gelatine is 
usually avoided by wetting in water containing 
a li tt le alcohol (industrial spirit ), and sometimes 
also various substances faci li tating the wetting 

em ulsio n when t he plates or f1 1ms arc immersed. The 
bath must then be s tirred thoroughly to ensure uni
formity of te mperature. It is ad visable before s tarting 
work each time to throwaway a gi ven quantity o f the 
solution and to replace it with an equal vo lume of 
fresh bath co nta ining no IJromide. 

1 This trouble is particularly l ikely to occur in stand 
(s low) d evelopment owing t o the cons idera b le change 
in t he temperature of a d eveloping solution which at the 
s tart is much colder than the dark-room. 

of parts where there a re traces of grease (contact 
of fingers or of lubricating oil from feeding 
mechanisms) l F or this it is possible to use very 
dilu te solutions of the wetting agents used in 
textile manufacture: saponine, sulphoricinates, 
and sulphonated fa tty alcohols (Ocenol, Lorol, 
Igepon, etc.) These substances can a lso be 
added to the developer (§ 357) or to t he clesen
sitizing bath (§ 333). Except in this last case, 
preliminary wetting has usually no advan tage in 
the case of sensitive material in cu t sizes2 

Preliminary wetting accelerates deve lopmen t 
in a concentrated developer and slows it in a 
dilute one. With some developers it is possible 
to ascertain by methodical tes ts the strength 
required in order tha t the duration of develop
ment should not be affected by the preliminary 
wetting. Any t anning of the gelatine3 reduces 
t he speed of development only very slight ly. 

In every instance where the emulsion has 
been wetted b efore development it is necessary 
to rock the developing dish energe tically for a 
few moments 4 or to move the pla te-holders or 
hIm-hangers in the solution so as to ensure the 
uniform replacement of the water or solution 
impregna ting the gelat ine by the developer. 

1 If there is reaso n to fear sp ots of m ineral o il , it is 
better t o clean the emulsion with a solvent , for w hich 
p urpose benzene (benzol) sh ould be chose n (G . E . 
Matthews and ]. 1. Crabtree, I928). All ow this solvent to 
evaporate be fore wett ing with water or with developer. 

2 It may, however, be of advantage t o clean befo re 
development plates protected against hal a tion by a 
coating a pplied to the back. As a r ule, all that need 
be done is to wipe the backing off th e centre of t he 
plate by holding it by its edges an d rubbing it on a 
piece of thick fe lt well soaked in water and placed in 
the middle of a large dish . The remainder o f the 
backing can be removed after developm ent. 

3 It has been suggested (A . P. Agnew and 1'. F. 
R enwick , I91 8) that the gelatine be tanned before 
development in a bath containin g a v ery small quantity 
o f formaline and a fairly large p roportion of sodium 
sulphate or various other salts (d isodic p hosphate, 
oxalate , sodium tartrate) which prevent swell ing in 
this ba th (§ 356). As a ru le, the use of a d evelopin g 
sol ution heavily dosed with one of these salts and o f 
an alum fixing bath suffi ces to prev ent any excessive 
swelling or m elting of the gelatine , avo iding at the 
same time the troubles o ft en attaching to the use o f 
formaline . 

4 Use has long b een made o f rockin g devi ces, m o ved 
by clockwork or an electric or hyd rauli c m otor, to 
ens ure the automatic rocking o f the bath during 
dev elopment. If such an arrangement is employed, 
care must be take n to have a comparatively long p eriod 
o f oscillation. T oo rapid rocking may produce in the 
dish stationary waves (waves which are motionl ess in 
relation to the dish ) and then t he image may develop 
in equid istant, vignetted ba nds, separated from each 
other b y bands of scarcely developed emuls ion. 
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370. Immersion in the Developing Bath. 
When developing a plate in a dish, hold it by 
its edges, film upwards. Large plates must be 
supported on the four spread fingers of the right 
hand and held by the thumb placed on the 
extreme edge. For very large plates the help 
of an assistant is almost indispensable. The 
dish is tilted to collec t all the developer along 
one side. An edge of the plate is then rested 
on the bottom edge of the dish opposite to the 
one where the developer is lying. The dish is 
then let down into the horizontal position, and, 
at the same time, the plate is lowered to the 
bottom of the dish. The pla te is thus swept 
almost instantaneously by the liquid. The dish 
is gently rocked, and care is taken to see that 
the pla te is uniformly wetted . If desensitizing 
has not been done before development, the dish 
is covered with a piece of card or cover (a larger 
dish can serve) unless, of course, it is necessary 
to watch for the first appearance in order to 
apply the Watkins sys tem of factorial develop
ment (§ 344). Unless the worker is skilled, it is 
bes t to avoid developing several plates together 
in one dish, as there is a risk of damage from 
one pla te sliding over another. 1 

About 3 oz. of developer is required in a dish 
of ha lf-p la te (6t X 4f in. ) size, and propor
tionate quantities in dishes of other sizes. It 
may be well for a beginner to increase these 
amounts by one- third in order to avoid any 
irregu larity in the wetting of the emulsion by 
the developer. 

When developing cut film s in a dish it is bes t 
to choose a dish suffic ien tl y large to accommo
date two film s side by side, and to have plenty 
of develope r in order that the films be well 
covered in spi te of their tendency to curl. 
The film is slid in to the developer, emulsion 
upwa rds, and, while held by two adjoining 
corners, is drawn to the half of the dish farthest 
from the operator. Any bubbles that may be 
adhering are removed by touching them lightly 
with the finger. As soon as this film is well 
wetted with developer severa l other film s may 
be introduced in succession, each being drawn 
to the back of the dish, leaving the front half 
free, un t il the last film of the batch has been 
introduced . The films become very soft, and 
must be handled with care. They are taken 

1 It is possible to obtain d ishes with low div idi ng 
ridges on the bottom for the sim ultaneous develop
ment of several stereoscopic plates, and separators of 
moulded material permitting se veral plates o f small 
size t o be develop ed together in a n ordinary dish . 

one by one and transferred in reverse order to 
the front half of the dish , and this transfer from 
one pile to the other is continued until develop
ment is completed . 

When single frames or hangers are used with 
plates or films developed in a tank, care must 
be taken to see that air-bubbles are not im
prisoned in the frame, as such bubbles, when 
ri sing, may adhere to the emulsion. To do this, 
the frames are immersed one corner first, 
obliquely, and they are gently moved up and 
down immediately aft er immersion . The pla tes 
or films are introduced with the emulsion facing 
the operator, and are put in at the back of the 
tank and then brought to the front so as to 
leave the back free for the others. By proceed
ing in this way there is no danger of scratching 
the emulsion of one negative by the frame 
containing the next. 

After inserting the last frame, the fra mes are 
separated as far as possible and m oved up and 
down singly from time to time in order to bring 
fresh solution in contact with the emulsion. In 
doing this, each frame must be drawn away 
from the one behind it so as to avoid scratching 
the gelatine of the latter. 

If the frames are much narrower than the 
tank they a ll must be pushed up aga in st one 
side to avoid retarded development of such parts 
of the emulsion of a plate or film as would come 
too close to the vertical side o f ano ther frame. 
Un less the frames are very widely separated 
from each other it is necessary to avo id develop
ing together nega tives of different sizes. 

When development is done in vertica l, 
grooved troughs, the developer should be 
emptied from time to time in to a jug, from which 
it is at once poured back into the tank. Instead , 
the tank, if fIt ted with a watertight lid, may be 
reversed every two minutes. 

Owing to the variety of the appliances in
tended for the development of rolll'jlm, the only 
reference which can be made is that the instruc
tions issued with them should be fo llowed. 

37I. Local Development. During th e develop
ment of a negative o f large size a skilful operator 
can modify the image by localizing the act ion 
of the developer . This is specially the case with 
negatives which have been desensiti zed , for it is 
obvious that the image must be very plainly 
v isible when carrying out applica tions of th is 
kind. 

Development is done in a comparat ively slow
ac ting bath, and as soon as the image appears, 
developmen t of the parts which tend to come 
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up too quickly is delayed by the application of 
a solution of bromide. On the other hand, the 
appearance of the insufficiently dense parts can 
be hastened by applying a more energetic 
developer (more concentrated, warmer, or more 
alkali ne) , using for the purpose a soft brush or 
tuft of co tton-wool, according to the size of the 
image. There is no need to follow the outline of 
t he image very closely if the precaution is t aken 
of applying the solution in severa l stages, alter
nated by washing in water, followed by immer
sion again in the developer. In this way the 
various parts merge into each other , and a harsh 
edge is entirely avoided. 

This meth od is particularly suitable for 
obtaining the correct tone value of the sky in 
landscapes photographed without special pre
cautions. The ne:;a tive is held sky downwards 
during the local application of t he bromide, 
t hus preventing t he bromide from running on 
to the image of t he landscape part. With 
practice the same method can be applied to 
more d ifficult cases, such as interiors or badly-lit 
por traits, where the parts to be treated are more 
complicated in their distribution. 

It may be added that the choice of a suitable 
method in the first place is generally sufficient 
for t he production of a sat isfactory negative, 
without recourse to these dodges, which are 
a lways risky in the case of subj ects which , in 
the event of an acciden t , could not be re
photogra phed. 

372. Factors Influencing the Duration of 
Development. I t must fir st of a ll b e noted that 
t here is no single optimum time for perfec t 
development for a fixed se t of conditions 
(subj ec t, type of emulsion, composition and 
temperature of developer). Instead, there is an 
infinite number of normal times of development 
which range between two fixed limits, each 
time included within those limi ts being the best 
for some conditions of prin t ing , t ype of positive 
sensit ive mate rial (§ 503), and mode of pr inting , 
i.e . by contact or enlargement in various ways) . 
To reproduce a complete scale of tones, every 
positive emulsion requires a negative of which 
the extreme densities t ransmit light in a defin ite 
ratio, which ratio varies with the method of 
printing employed . F or example, enlargement 
by artificia l light with a condenser needs a 
notably less contrasty negat ive than for contact 
prin ting on the same material. For contact 
prin ts, positive emul sions of great contrast 
y ield the best resul ts with negatives in which 
the extreme oDacities a re in the ratio of 1 0 : I, -

while print-out papers give prints with a com
plete tonal range, i.e. from white to black, only 
if t he range of opacities of the negative is about 
60: I. As development progresses, t he contrasts 
increase very quickly at fir st, then more and 
more slowly, the negative thus passing through 
a series of stages each suitable for a specific 
purpose. 

For a negative to be capable of giving good 
results, a ll t hat is necessary is that the duration 
of development to be included within two wide 
limits, which limits further vary with the range 
of light-intensities in the s~bj ec t photographed. 
All that is then necessary, once the negative 
has been completed, is to select a n exactly 
suitable mode of printing . 

The amateur, who through laziness confines 
himself to one method of printing, e .g. contact 
printing on a certain type of print-out paper, 
or the professional portra itist, limited to a 
certa in style of picture, and therefore compelled 
to select one of a few methods of printing, or, 
finally, the cinematographer, who, owing to a 
curious anomaly , has at his d isposal usually 
only one type of positive film (positive film by 
the various makers h aving nearly the same 
characteristics) all these workers a re compelled 
to produce in all cases negatives the extreme 
opacities of which are, if not exactly in the same 
proportion (a condition difficult to sat isfy ), l 
still in proportions little different from one 
a nother, or, what comes to the same thing, 
negatives having extreme densities differing by 
nearly the same amount. This condition is all 
the more difficult to fulfil , because the eye is a 
ve ry bad judge in this quality, and so the 
operato r is often a long way off the mark, 
unless the subj ects photographed a re very 
simila r in character, as is the case particula rly 
in studio portraiture. 

Plates or films exposed through the back have 
their developmen t somewhat slowed in the 
shadows, if exposure has been shor t; with a 
normal exposure no difference is seen between 
pla tes exposed the right way or the wrong way 
round. 

1 \Vithin certain li mits it is possible to develop a 
negative in such a manner th at the d ifference be tween 
the ex treme den si ties shou ld have a g iven valu e i f o ne 
knows th e values of the exposures correspondin g to 
the optical image, and if one has, fo r the same em ul s ion 
exposed to a light of the same quality, drawn the 
density curves corresponding to the varioll s duration s 
o f development in the sa me developer. Ingenio us 
graphic methods have been suggested for resolving 
such problems (W. A. H eidecker, 1925) . 

• 

• 
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373. In addition to the above ci rcumstances, 
the d uration of development (by which a nega
t ive of a given subj ect obta ins the desired 
degree of contrast) depends independently on 
the following : 

1. The nega tive emulsion used . Equivalent 
times of development may vary as from I to 8 
acco rding to the type of negati ve emulsion. 
Ultra-rapid plates genera lly develop more slowly 
than s low ones, and for an equa l degree of 
sensiti vity films develop more slowly than 
plates. The duration of development may vary 
as from I to 3 with successive ba tches of a 
given brand of plate or film, and there is no 
means of knowing these variat ions in advance. 

2. The composition of the developing solution, 
its d ilution, a nd its tempera ture. While it is 
fairly easy to keep the tempera ture of a develop
ing ba th a lmost constant , l th e composition of 
the solution is less under control (except in 
commercia l es tablishments where the products 
used are ca r,' fu lly titrated) because of the 
vary ing content of active substance in each 
of t he products employed . Va riat ions of even 
greater magnitude result from the progressive 
exhaust ion of the ' developing solution a nd its 
grow ng strength in bromide, when a consider
able number of plates or film s a re developed in 
the same port ion of solution. 

3. The agitation of the bath (§ 343) I n a ll 
cases where it is desired to obtain uniformity 
of development of severa l negatives developed 
for the same duration, the agitation of the ba th 
under identica l cond it ions must be seen to. 

rt will be not iced tha t the lime of exposure 
is not mentioned among the factors influencing 
the du ra tion of devdopment. Un less vcry 
considerable error exists, the time of exposure 
does not in fac t influence the cont rasts of the 
image to a sufficient degree to enable it to be 
a llowed for before too late. In the case of a 
very considerable er ro r in the time of exposure, 

1 It is , for ins tance , easy to a rra nge a water-bath of 
1 to 2 ga l. capacity (us in g prefe rabl y an ea rthenware 
tank wit h t hic k s id es) in whic h the d ish can be placed , 
raised on hol low bricks if necessary, or in w hich a 
light wvoden fra llle can carry t he ha lf-im me rsed dish. 
Som e ti me be fo re beginning d evelopment the tank is 
tilled with watc r at th e desi red te mperal ure (e.g. 
65 ° F.) by mixin g suitable quantities o f cold and ho t 
wate r. T he bott les con ta ini ng lh e various soluti ons 
arc placed in t his wate r-bath to acquire its te r"nperature. 
Unde r these co nd itio ns, and even if the s urround ing 
tempe ra tu re differs by r 5 or 20° F . fro m that of th e 
dcveloping so lution , the la tter te mpera ture wi ll no t 
usuall y vary morc than 2 ° F. in half-an-hour, whic h is 
a longe r tim e than is required for normal de velopm ent . 

it is the composit ion of the developi ng solution 
tha t must be modified, and there is then no 
comparison possible between the du rat ions of 
development in ba ths of different compositions. 1 

In genera l, at least for exposures differing 
li ttle from the norma l, the du ra t ion of exposure 
affects chiefl y the density of the image in the 
shadows, whereas the duration of development 
a ffec ts chiefl y the difference between the shadow 
and high-light densities , or, in other terms, the 
ratio of the corresponding opacities. 

374. Judging the End of Development. There 
is no sure means for gauging the moment when 
a negat ive in course of development reaches 
the degree of contrast requisite for a given 
purpose. At most it is poss ible, by using as a 
basis previous experience acquired under exactly 
the sa me working cond irons, to a rrange a d ura
tion of development giving an im age with the 
same characters as one previously obtained. 

The judging of contrast solely by v isual 
inspect ion of the image leads only to mislead ing 
results, except in the case of very long practice, 
limited to the photography of subj ects of simila r 
character. Judgment is apt to be dece:ved by 
the presence of t he residua l silve r brom ide, 
uneq ually d istributed over the image, and by 

1 \ Vith some very spec ia l emuls io ns , o f whic h th e 
characteris ti c c urve (§ 2 0 2) has a very ex tend ed under
exposure region and whi ch, by p ro longed de velopmellt 
in a bath without brom ide, a llow o f ob tainin g hi gh 
gammas w itho ut fog, it is p oss ibl e (in the case o f 
subj ects of low co ntrast) to compensate fo r s uch mark ed 
un der-exposure as causes all the exposures to fa ll ill 
the region o f und er-expos ure. Th is is done by prolong
in g d evelopme nt v ery co ns iderabl y ( F. F . Hcn w ick, 
191 3 ; R . Lu ther, 1923) , and tha nks to this pecul iar ity 
it is o ft en poss ib le to obtain on plates o f medium speed 
better res ults o f high-spced subj ec ts than on ultra
ra pid p lates. The negatives thus obtained have no t 
a lways sufficient contrast to e nab le them to be used 
as they are. but they beco me usable a fter proportional 
intens ification o f all the ir dens iti es. In any case, a 
so mcwhat imperfect re nderin g o f the dee pes t shadows 
mu st be expected. F or every emu ls io n and every 
deve lopi ng so lutio n the re is, a t a g iven tem pera ture, 
an optimum duration o f dev elopm ent at whi ch t he 
image o f a greatly under-exposed reg ion is differentia ted 
fro lll t.he bare e mu ls ion , and whi ch, in co nsequence, 
ena bles the maximum sens itiveness o f the em uls ion to 
be est imated ( I ~ . R. Bullock, 1() 2U). T hi s optim u l11 
dura tion usuall y lead s to an ex cessive co ntrast t hat 
\\'o tlld pre vent t he norm a l use o f t he negati ves (S. O . 
I{a wlin g. 1932). B eyond t his opt imum d ura ti on t he 
separa tion o f exposures di ffe re nti a ted in th e image fa ll s 
o fT ; t he less exposed regions tend to d isa ppea r pro
g ressively. Thi s disappearance is o ften fo ll o \\·ed by 
re\·ersaJ, the em ul sion fog beco ming more inte nse tha n 
t he und er-exposed portions . Th e de ns ity o f th e fog a t. 
the po int o [ di sa ppearance varies accordi ng to t he 
\\'ork ing con <;li tions. 
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the coloured light of the dark-room. Red light , 
especially, t ends to exaggerate the contrasts, 
and beginners nearly always tend to stop 
development too soon. When developing by 
examination by transmitted light, it is difficult 
to avoid the error of over-developing an under
exposed negative and under-developing an 
over-exposed one, because the eye can more 
easily es timate the average density of the 
negative than the contrast between the extreme 
densities. 1 

The beginner is sometimes advised to stop 
development when the portions of the emulsion 
which have been protec ted by the rebates 
against the action of light during exposure 
begin to vei l over. Or he is advised to stop 
when the image begins to show at the back of 
the plate or film. Both these methods are most 
misleading. 

If, with a correctly compounded developer, 
the development of a plate or film in a good 
state of preservation (on which only the light 
from the lens has acted) does not proceed on 
being continued beyond the point where fog 
appears, the latter being capable of increasing 
more rapidly than the image, it is quite possible 
for an image to fog before its development is 
complete. This occurs if t he developer is exces
sively act ive, and especially if it does not con
tain enough bromide to avoid chemical fog with 
the emulsion used, or if the emulsion has been 
fogged when loading the camera or during the 
first instants of development. 

On the other hand, an emulsion coat ing which 
is thin and poor in silver will always allow the 
image to appear more quickly a t the back than 
one thick and rich in silver. This will lead to 
development being stopped before a sufficient 
degree of contrast has been attained . Even 
when the same emulsion is in constant use, so 
that the richness in silver and consequent 
translucency of the coating remain almost the 

1 The dark-roo ms of so me profess ional p ortraitis ts 
co ntain a n egative-comparator . This is a long lantern, 
closed in front by a sheet of grou nd-glass on which 
arc permanently fix ed two negatives, one suitable for 
printing on a paper of m edium con trast, and the o th er 
on a paper o f soft con trast. Between these two 
specimen negatives there is a space for the negative 
t o be compared . This device is usually lit by white 
light for co mparing completed negatives. It would be 
quite as easy t o illuminate it with r ed light , but then 
the specimen negatives w ould need to be unfixed ones. 
Such unfixed negatives can be rendered stable (a fter 
washing in clean water) by soaking for a few minutes 
in a solution o f potassium iodide (§ 394 ). , followed by a 
rinse in clean wat er. 

same, the appearance of the image at the back 
can at most indicate only that the high-lights 
have reached a certain density. It is not, 
however, a given density in the high-lights 
which must be sought for, but a given difference 
between the extreme densities. If the sub ject is 
weak in contrasts, or if the exposure was full, 
the image of the shadows will be much denser 
when the high-lights reach a given stage th an 
in cases where the subj ect is cont rasty or the 
exposure on the short side. But it should be 
noted that if a little silver has been reduced 
in the protected portions, wh en the image has 
appeared on the back, the negative (unless 
considerably over-exposed) is probably suffi
ciently contrasty to be usable, at least with 
papers suited for negati ves of poor contrast. 
It may be said that this indication is of some 
value for the beginner, a value more or less 
similar to that of other recommendations made 
to him with the same object. 1 

When examining plates by transmi t ted light, 
it is necessary to be careful to hold them by 
the edges only, and film s by two corners, avoid
ing as much as possible placing the fl11gers on 
the surface . The negative must not be held 
near the lamp longer than is needful (especially 
when the lamp is hot ), in order to avoid melting 
the gelat ine. Unless the emulsion has been 
desensitized , examination must not be too 
protracted, especia lly at the beginning of 
development, otherwise the image may be 
fogged . 

375. Rinsing the Negative after Development. 
vVhen developmen t is considered to be com plete, 
the negative must be transferred qu ickly to 
a tank or dish of water, or held under a jet of 
water of modera te pressure, in order to free it 
from the greater part of the developer adhering 
on its surface, prior to fixing. As a rule, a few 
seconds suffice for this brief rinse . In the more 
usual case, where fixing is done in an acid fix ing 
bath, this rinsing in pure water is sometimes 
replaced by placing the negat ive for a few 
minutes in water rendered slightly ac id (by 
I per cent of hydrochloric acid or 5 per cen t of 
liq uid sodium bisulphi te) , so as to neu tralize 
the alkalini ty of the developer, and thus to 
avoid the la tter neutralizing the fixing ba th. 
This acid bath is often called a stop-bath, because 

1 It is hardly necessary t o point out that observation 
of development by inspectio n o f the back is not 
possible with plates having a special substratum for 
preventing halation, nor with plates and films with 
several coats o f emulsion. 

• 
• 
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it a rrests development. 1 The negat ive is then 
fix ed (Chapter XXIX). 

When develop men t has been carried ou t 
under condit ions which render washing d ifficult 
after fixing (as on expeditions), the ac tual 
fixing may be postponed by adopting deferred 
fixation with an acid bath followed by a b rief 
ri nse. It is then prefera ble to use a vola ti le ac id 
(ace tic ac id of 2 per cent strength ) or a weak 
acid (boric acid of 5 per cent strength), as a 
st rong non-vola tile acid would involve the risk 
of d isintegra ting t he gelati ne in the course of 
ti me if it has not been completely elimi nated. 
After soaking in this ba th for at least fi ve 
minu tes, t he negati ves are rin sed in clean wa ter 
and put to d ry. 

376. Critical Examination of Finished Nega
tives. Al though, in the normal course of opera
tions, negatives cannot usefull y be examined 
until fixed, and preferably only a fter washing 
and dry ing, it seems inadvisable to pos tpone to 
a subsequent chapter considerations so in ti 
ma tely co nnected with development. 

A negative of which the exposure has been 
" correct " should show, even in the image of 
the deepes t shadows, a silve r deposit grea ter 
(however slightly) than the chemical fog ap
pearing in the parts of the pla te or fi lm which 
have been covered by the rebates or turn
but tons of the dark-slide. 2 This comparison 
is best made by laying the dry negative, emulsion 
side down , on a sheet of white paper in a well
lighted p lace . If the negative is ve ry dense the 
examinat ion is best made by tra nsmitted light 
in fron t of a sheet of ground glass . Care should 
be taken not to choose for the comparison a 
protec ted po rtion ad joining a region of very 
great density, since the chemical fog may be 
accomp~ni ed by irradiation or ha lat ion . 

Any great d ifference between the density 
of the image of the shadows and that of parts 
covered by the rebates indicates tha t exposure 
has been longer than necessary . Unless the 
possible maxi mum of correct expo'3 ures has been 
exceeded, no harm will have been done other 
tha n an increase of the time needed for printing. 

1 T ile usc of s uch a bath is s p ecially reco mm ended 
when us ing tan ks fo r d aylight d evelopment (with out 
a d ark-roo m ) w here fixing is d one by daylight; nega
t ives th us t reated mu s t not be ex a mi ned befo re t hey 
a re completely fixed. In ho t coun t ries it is necessa ry 
to usc a ne utra l tan ni ng st op -ba th (§ 39 1) . 

2 Only i f th is is so is it certa in that li ght has a cted 
in t he image o f these shadows, and thus morc d efin ite ly 
in t he image of the som ewhat light e r !:o nes, so t hat the 
mode lli ng o f t he shadow-d etail has been regis t ered a s 
complet ely a s p ossible. 

In an over-exposed negative, the con t rasts 
in the high-lights a re d istinct ly reduced, but 
owing to the considerable density of these parts 
of the image, it is not possible to make sure of 
this excep t by in spection of prin ts correctly 
printed on the paper bes t suited to the negative 
in ques t ion. 1 

377. Beginners, and also some experi enced 
workers, somewha t readily confuse the notions 
of density and of cont rast . Just as it is possible 
a t the sea-shore, i. e. a t a very low altitude, to 
find a ve ry steep pa th, and a fl at or only very 
gently rising road in a high mountain region, 
so too it is possible to have a ve ry thin negative 
(density a lmost nil in the shadows) which is 
nevertheless very contrasty (vC' ry great d iffer
ence between the extreme densities) . On the 
other hand, a ve ry dense negative (very grea t 
density in the image of the deepes t shadows) 
may be very weak (small difference between the 
density of the high-light s and that of the 
shadows) . 

The usual photographic terminology is ra ther 
confusing as regards the designation of the 
characters of the negat ive, one and the same 
term being sometimes applied to very different 
charac ters. The following defin it ions will be 
adhered to in this work, though their a rbitrary 
charac ter is full y rea lized . 

CLASS IFICATIO N O F NEG ATI VES 

• 

Acco rd ing to the 
])cnsitv o f th e 

Shadows 

• 

Acco rd ing to the 
Di ffere nce bet wee n 

the Extre me 
Del ,s ities 

------------
Very sl ight: T hin 

Gredt: De'lse 

Slight: F lat 
!\'1cd ium : JI ed illm 

COlltrtl st 
Great: VI gorous 

• 
:\ cco rding to the 
Comparison be tween 
t he Contrasts o f the 
i\eg ;l tivc a nd t he 

COlolr.lsts o f the 
Subje-c t 

COll t rasts red uced : Soft 
Contrasts the s;\rnc: 

N orma l cOIl/ rast 
Con trasts increased: 

H ard Z 

It is essent ia l to realize that the grada tion of 
the image is determined solely by the d ifference 

1 A f ull y exposed o r over -ex posed negati ve often 
show s a fa in t p ositi ve image w he n exam ined by 
refl ected light o n th c back at a so m ewha t obliq uc 
a ngle, the ncgative be ing held ove r a black backgro und . 
U nd er thc sam e cond itions a slightl y exposed o r under
exposed negati ve exa m ined o n th e emuls ion s id e 
so m etimes a p pears a s a p osit ive. A negati ve wh ich 
has had a med iu m exposure m a y thus appear a s a 
positive o n one o r o ther o f its s ides , but th ere is no th ing 
reg ul a r a bo ut these features. 

2 The t erm hard is a lso appli ed to a negati ve wi t h
out det ail e ith er in t he shadows o r in t he high -lights 
owing t o in su fflcien t ex posure and over-d evelopmen t . 
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between the extreme densities. The density of 
the shadows deter mines only the time of the 
exposure necessary to obtain a print. For 
instance, it is possible to superpose on a weak 
negative a piece of neutral grey smoked glass 
or another negat ive which has been uniformly 
fogged . The time necessary to get a print may 
be ten times as long, but once the equivalent 
printing times have been ascertained, the results 
wi ll be identical with or without this supple
mentary uniform density. Indeed, two identical 
negatives , one left uncovered and the other 
covered with a neutral g rey coating allowing 
one-tenth of the light to pass, will appear 
iden tical if the fi rst is illuminated by a lamp of 
10 candle-power and the second by one of 
100 candle-power at the same distance. 1 

378. A negative is not an end in itself,2 but 
only a means to an end, viz. the photographic 
print. A negative must therefore not be judged 
by itself, but only according to the prints which 
it can give by proper print ing on a sensitive 
paper of suitable character. 

To say of a negative that it has been correctly 
developed relatively to a g iven method of posi
tive printing is the same as saying that its 
development was stopped at the moment when 
the difference between its extreme densities 
was that sui ted to t he selected method of 
printing . 

A print made from a negative which has been 
insufficiently developed cannot have both whites 
and blacks at the same time . The general 
appearance of the print is grey; its cont rasts 
are insu[ftcient. 

On the other hand, a print from an over
developed negative easily gives whites and 
blacks, but some of the details v isible in the 
negative are merged in the whites or in the 
blacks. The image shows a complete scale o[ 
g reys, but with exaggerated contrasts . 

The rock on which the beginner usually comes 
to grief is his ignorance of the characters that a 
negative should possess in order to y ield good 
prints by the usua l printing processes . The 
rational apprenticeship of the photographer 

1 The Autochromc p late for direct colour photo
g raphy comprises a polychrome mosaic screen which 
in its entirety is about equivalent to a neutral grey of 
opacity l -;.th, and it is knO\vn that with properl y
adjusted lighting the images on the Autochrome plates 
appear very bright. The gleaming ·whites which are 
thu s seen would be termed black by an inexperienced 
observer looking at the plate held in the hand. 

:! \Ne are not dea ling here with special applicati ons 
such as photogramm etry, a stronomy , spectroscopy, 
etc . 

should, in our opinion, begin by printing from 
negatives of suitable quality. For instance, 
two negatives may be used, one suitable for 
print-ou t paper or rapid bromide paper of weak 
contrast, and the other [or a paper o[ very great 
contrasts, which negatives must, of course, be 
supplied with advice as to their correct usc . 
H aving acquired experience in prin ting, the 
beginner will be in a position to judge what 
results to expect from his negatives, whereas 
for lack of a guide, it is usually impossible for 
him to d istinguish between fau lts in the negative 
and errors in printing. 

379. Exhaustion and Maintenance of the 
Developer. vVhcn a developer has b een in 
continuous service a cer tain por tion of it is 
carried away with the plates and fi lms removed 
for rinsing; 1 its content of active products 
decreases, and it becomes gradually loaded with 
soluble bromide and with the oxidation proQucts 
of the developer. Also, when the emulsion is 
wetted before developmen t, the developing 
solution is diluted by the water conveyed to it 
by the plates and fi lms to be developed. 

The oxidation products of the developer 
usua lly limit the usc of old baths long before 
they are exhausted, so that i t is advisable, 
from the point of view of economy, to avoid 
employing too concentrated developing solu
tions. For development with continuous 
machines, in which the duration of each treat 
ment is limited, it is b est to choose a developer 
(o r mixture of developers) only slightly sensitive 
to the action of bromides, and to avoid caustic 
a lkalis, with which exhaustion of the bath is 
always more rapid. 

Generally, a certain portion of old bath is 
replaced by fresh solution after developing a 
cer tain area of plates or film s. 2 The strength
ening bath should not contain bromide, as the 
latter is p resent in more than abundant quantity 
in the used bath. In all cases where a bath has 
to be used to exhaustion, the parti al change of 
carbonate into bicarbonate in the old bath is 
compensated by replac ing a small portion o[ 
the carbonate in the strengthening bath by a 

1 After blo tting off, the volume carried away is, on 
an average , l'S c.c. per sq uare decim ctre (approxi 
ma tely 25 min. per 1 2 sq. in.) of gelatine surface (or 
double that quantity in the case of film with a coa ting 
of gelatine on the back) . 

:: The old bath thus remov ed may sometimes be used 
for other purposes where a bath containing bromide 
is suitable, such as the development of lin e negatives, 
t ransparencies, etc. It is evident tha t th e tanks must 
be empti eci periodically to c lear out the slud ge and to 
c lea n th e inside surfaces . 

I 

I 
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chcmicall y cqui valent quanti ty of the corre
sponding caust ic a lka li. 

Fi nally, in mcto l-hydroqu inonc dcvelopers, 
in which the content in meto l is much smaller 
than that of hydroquinone, the ox idation is 
abo ut the same fo r both these developing agents, 
so thal more meto l is dest royed relat ively to 
hyd roq uinone. For thi s reason, thc strengthen
ing developer shou ld con tain a greate r amount 
of metol. 

380. Developer Stains on Hands and Clothes. 
As a rule, rinsing the hands in clean water 
befo re a nd after each contilct with the de\·cloper 
suffices to preve nt s tains. Stains on clothes are 
bes t prevented by wearing a blouse , or apron, or 
an overall. 

Developer stains on the hands I can genera lly 
be removed as follows : Scrub the hands with a 
li tt le solut ion of potassium permanganate, about 
I per cent st rength, acidi fied by add ing a drop 
of sulphuric acid. Tlte skin and nails will be 
stained a da rk brown. After a few moments, 
rinse with clean water and then remove the 
coloura tion by means of a very small a mount 
of a fairly st rong solution of sod iu m bisulphite 
(the commercia l solu t ion diluted with an equa l 
quantity of water) or solution of potassium 
metabisulphite. 

The same process may be used with whi te 
linen. Wi th coloured fabrics there is a risk that 
this t reatmen t may, by b leaching the fabric, 
causc a spot morc apparcnt than the one it 
ai ms to removc ; it is well to make a test on a 
hidden edge to ascertain if the dye will resist 
these reilgents. 

(f) V ARIOU S M E THO DS OF D EV ELOPMENT 

381. Formulae for Developers. Somc photo
graphers spend most of their t ime testing 
successively all the developing formulae that 
they see, even when t hey show but negligible 
differences from other fo rmulae p reviously t ried 
(d ifferences of the samc order as those resulting 
from the uncertainty regarding the actual con
tent in active substances in the products used). 
They attribu te the success of other workers to 
the possession of some ideal fo rmula, kept 
jealously secret, and making good all the 
faili n~s of the photographer. 

Except for some very special p urposes, which 
l J f i t is not d esi red to wear rubber gloves o r fi nger

s talls , the soluti ons can be p revented from penetratin g 
the ski n by rubbin g the h a nd s energct i~al 1 y w ith a very 
little la noline , the excess o f \\"h ieh is wiped dry to avoid 
spot s due t o greasy fin gers; both s ides of the nails 
ca n be 'va rn ished with a colou rless cellul o id varnish . 

17- (T ·S630) 

require the use of developing baths of a composi
tion considerably different from those of the 
usual type, any good formula is as suitable as 
another, and the best are generally not the most 
complicated . The choice between various cur
rent formulae should be made more on account 
of cost than for technical reasons. It has often 
been said that the bes t developer is the one with 
which the photographer is famili ar, and it is 
not by abandoning one formula for another at 
the moment that its use is becoming famili a-r 
tha t the best results can be hoped for. 

Some ridiculous fo rmulae have been published 
owing to mistakes in converting foreign weights 
and measures or to typographical errors. Chance 
coincidences have led some practical workers, 
with little experience of experimen tal methods, 
to recommend the addition of products which 
are completely useless. Put ting such exceptions 
aside, success depends more on the judicious 
conduct of the opera tions than on the choice of 
a par t icular fo rmula . 

In the following paragraphs one or more 
developing formulae will be given as exempla rs 
of the methods of development described. They 
are not claimed to be better than others, but 
they are as good as others and respond per
fec tly to any reasonable demand that may be 
made . 

382. Rapid or Slow Development. Develop
ment of almost lightning rapidity is certainly 
not a t all advisable, for it can involve only the 
upper layers of t he emulsion and can usually 
give on ly fl a t negat ives' wit h numerous local 
blemishes. Also a solution which develops 
very rapidly must necessarily be a very concen
trated one, in which the energy is pushed to th e 
ext reme limit by a la rge content of alkali, a nd 
such a developer is very cost ly and keeps badly. 
As a ru le t he strength of a developing solution 
is arranged so that development does not last 
much less than fi ve minutes. 

When a large number of pla tes or films have 
to be developed in a fairly short time, the 
development of several negatives at the sa me 
time becomes almost indispensable. It would 

1 T he fi lms used interm ediately in televis ion are so me
tim es d evelop ed fo r on ly 15 second s in a very e nergeti c 
t epid developer, but the image obtai ned is extremely 
feeble a nd m ust be intensified by electro-optical mean s 
t hat have no photographic cfJ uivalcnt . \"'hen suc h 
films have t o be used subsequen tl y for produ cing copies , 
it is necessary, after sca nning t hem by a n in fra -red 
beam, to con tin ue development until a reasonable 
gamma is reached. In the Illost favou rable condit ions 
the nl inimum du ration is a bout 60 seconds in a di sh o r 
tank, and 30 seconds in a con tinuous mach ine. 
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be very inconvenient to arrange side by side 
the requisite number of dishes, and, moreover , 
with a development t ime of about five minutes, it 
would be difficult to watch the developmen t of 
several negat ives effect ive ly . Development in 
a vertical tank is then resorted to. Both 
because of the large capacity of such tanks 
(where the use of a concentra ted solution would 
be very expensive), and in order to have time 
to inspect the negatives, the developer is used 
di luted in such a manner that development 
las ts from 10 to 30 minutes . 

From t he poin t of view of the quality of 
the images, it is absolute ly immaterial whether 
the negative is developed in fI ve or in 3 0 

minutes . 
Under the fallacious pretext of correcting 

errors in exposure, there has been recommended 
from time to t ime the systematic use of very 
dilute solutions wi th which development may 
last one or two hours. A bath in which develop
ment requires much more than 30 minutes has no 
advantage and has quite a number of disadvan
tages : exaggera tion of chemical fog, streaks 
due to exhausted products, and excessive 
swelling of the gelatine, which considerably 
increases its tenderness. 

383. Methods of Developments. The profes
sional photographer and the advanced ama teur , 
working la rge or medium sizes on plates or cut 
fI lm, and seeking a bove all the bes t possible 
q uality in each of their negatives, can utilize 
methods correct ing, as far as possible, errors in 
exposure, or permi tting t he charac ter of t he 
image to be mod ifIed to a certain extent. Such 
methods a re obviously not applicable either by 
th e amateur beginn er whose procedure is likely 
to be at fa ult , or by the user of a miniature 
size who cannot see any detail in the negat ive 
d uring development , 1 or by the photographer 
using a panchroma tic emulsion t hat has not been 
desensitized, or finally by the D . and P. worker, 
who is compelled to work to delivery times th at 
a re ridi culously cut down a nd a re, by the way, 
very detrimental to the quality of the work, so 
t hat he cannot examine the images during 
development or even sort out and treat separ
a tely films of diffe rent brands for which the 

1 The pro fessional cinematographer is, [rom this 
point o f vicw, better provided for, because he can, 
e xcept for topical shot s, ta ke for each scene an ex t ra 
length of fl lm \V"hich can t hen be Clit into p ieces, each 
o f a few fra mes; each p iece can be developed (or a 
di fferent duration, and when fini shed can enable t he 
duration most favr)Urable to t he emu lsion, subject and 
tak ing cond itions to be chosen . 

optimum dura tion of development is not always 
the same. 

The user of miniature sizes is not only re
st ricted in the choice of methods of develop
ment, but also in the choice of formulae. Some 
developers in given conditions produce, as a 
ma tter of fact , images in which the grain is less 
visible than th a t o f negati ves developed in more 
energetic and more rapid developers, and they 
are therefore better suited for t he considera ble 
degree of enl argement necessary. 

384. Automatic Development. Numerous for
mulae have been published giving a fixed time 
of development , or a series of times each corre
sponding with a certain temperature,l and 
applicable either to one brand of pla tes or film s, 2 

or to all brands without distinction. 
The best of these methods fa il to take in to 

account the extreme range of luminosities of the 
subj ect, or the varia tion in the speed of develop
ment of various batches of a given type of emul
sion,3 or, finally, the inev itable vari a tions in the 
composition of the developer. They cannot there
fore produce negatives of the same contras t, a ll 
indiscriminate ly suited for the same method 
of positive printing. But all negatives thus 
produced will furnish satisfactory prints if the 
exposure of the pla te or film has been ascertained 
with an exposure meter (§§ 324- 325), and if a 
suitable method of printing is chosen for each 
negative. 

By way of example we give here the formula 
recommended by the Kodak Co . for the develop
ment of its film s (roll fi lm and fIlm pack), with 

lOne o f the best planned o f t hese methods was t ha t 
of \Vatkins, call ed "Thermo-develop ment." In t h is 
a table showed for each current brand o f plates or fil ms 
the dilu tion at which various spec ified develop ing 
solutions must be used in order that, a t o ne and the 
same temperature, the average t im es o f development 
shou ld be equa l. A t hermometer graduated directl y 
in times of develo p ment gave t he equiva lent tim es for 
a ll tempera tures. 

'The Wratten pa nchromatic pl a t es, were supplied 
w ith a t able sp ecially worked ou t fo r each ba t ch o f 
emulsion, and showing for tha t e m uls ion the times o f 
d ev elopment which at vario us te mperatures w o uld 
lead t o t hree speci fi ed gammas or deve lopment factors 
(o·So; I; I ' 25) w ith the d eveloper reco mmended . 
Such a m ethod of auto ma tic d evelopmen t is eviden tly 
abo ve cri t ic ism, a nd t he resu lts obtained, at a time 
when t he d evelopment o f panchromatic pla tes could 
be d o ne o nl y in com plet e darkness, have pe rfec tl y 
justified this m ethod . 

3 If , fo r instance, [or a large number o f emulsions 
o f the sa me brand, t he average is taken of the times o f 
development correspond ing to a gamma o f I , the 
resultant gam ma will proba bly be a lways between 
0'1 and 1" 3" 

• 

• 
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the times of development corresponding wi th 
the various temperatures. (This developer must 
be compounded only at the time of use)-

Sod a sulphi te , a nhydrous • 

Soda carbo nate, a nhydro us . 

Pyro • • 

\ ,Vater, to m a k e 

Temperature (in 0 C.) • 20 18 .. (in 0 F.) • 68 64'4 
Ti me o f d evelopment (in 

minutes) • • • 17 20 

• 

16 
60·8 

24 

40 gr . 
(4" 5 grm.) 

40 gr. 
(4'5 grm.) 

15 gr. 
(1'75 grm.) 

20 oz . 
( 1 ,00 0 c.c.) 

'4 12 
~ 7'ry ) - 53 '6 

28 32 

10 
50 

36 

. 

Owing to the extreme dilution of this devel
oper, it must be considered as completely 
exhausted after using once. 

T his method of development can be applied , 
after prelim inary trials, to a lmost all the de
velopers specifi ed in the paragra phs below. 

385. Fine Grain Developers. Whil e the grain i
ness of a negat ive depends much more on the 
character of the emulsion tha n on the composi
tion of the developer, so-called fin e gra in 
developers do, however, possess severa l notable 
advantages in a ll cases where it has been possi
ble to give an a mple exposure, I the best of these 
developers requiring double the exposure tha t 
could be given if a more energe tic developer were 
used. 

It is ev idently always possible to obtain a 
fine grain image by stopping development at a 
t ime when the largest grains, which are the most 
ra pid, are still only partia lly reduced , com
pensati ng by a ppropria te printing the lack of 
contrast in such negatives, but it is found that 
to obtain in this manner a fully deta iled nega
tive, it is necessary to increase the exposure. 
The only de\'elopers that can be regarded as 
fin e grain developers are those which for a given 
gamma value develop weak 1 igh t impressions 
and , therefore, do not requ ire an excessive 
over-exposure. 

To obtain in a reas of equal density , developed 
to the same gamma, a graininess less than th at 
given by usua l developers, it is necessary to 
rest rict the expansion of t he silver outside the 
limits of the initial grain and to dim inish the 

1 The qu estion o f f-I nc grai n development has been 
the subj ect of nu me rous controversies and o f im por
tant studies among whi ch we mention pa rti cula rl y 
those of V. B . Sease (1933), E . Stenger an d E. :\lutte r 
( 1933 , 1935), C. Sch warz (1934 , 1935 ), O . Bloch 
( 1936). 

ri sk of a joining up of adjacent grains. To do 
this, the swelling of the gela tine must be reduced 
to a minimum by decreasing the alkalini ty of 
the developer, and increasing in it the total 
concentration in salts (doses of sul phite near to 
saturat ion). Th is weak alkalin ity usually im
poses the use of developers with a high redu c
tion potentia l. T he effect is com pleted by su per
fi cial dissolu tion of the sil ver ha lide of each 
grain, either by means of sodium sulph ite in 
high concent ra t ion, or by the addition of other 
solvents in small doses (ammoniaca l salts, 
hyposulphite, etc.); th ese solvents , however, 
produce a usefu l effect only if development is 
fairly slow . 

Most of these developers distort the density 
curve by retard ing, from the start, the develop
ment of the high lightsl; owing to their weak 
a lkalini ty they a re, in fac t, very sensitive to the 
influence of the soluble bromide fo rmed in t he 
layer of emulsion, but act energet ica lly on the 
image of th e shadows wh en the developer has 
a high reduction potentia l. P ara pheny lene
diamine (A. and L. Lumi ere and A. Seyewetz, 
1904) or ort hophenylenediamine developers 
constitute a very special case. These developers, 
which have li t tle energy, are very active so l
vents of silver halide. In the absence of ot her 
developer, and being rendered only weakl y 
a lkaline, t hey require considera ble over-expo
sure, and do not permit of sufficient gamma being 
obtained, but t hey can be accelera ted by adding 
other developers, and th en form the most 
efficient of the fine grain deve lopers. 

The table on page 260 gives some formulae of 
fine grain developers. Most of them a re fa irly 
qu ickly exhausted and can, therefore, be used 
advantageously only for developing a sma ll 
number of negati ves (about 7 sq. in. per fl . oz.). 
In t hese developers with a large content o f su l
phite a desensitizer would coagulate immedi
a tely ; desensitizat ion is t herefore possible only 
by means of a preliminary ba th . 

386. Semi-automatic Method based on the 
Time of Appearance of the First Details of the 
Image. (W atkins fac torial sys tem. ) Develop
ment for a to tal t ime, calcula ted by mult iply ing 
the time of appeara nce of the first details of the 
image (excep t ing the sky in landscapes) by the 
Watkins " fac tor" of the developing solu ti on 
used (§ 344). if, as expressly assumed by th e 
inventor of this method , it is applied onl y to 
correc tly exposed negati ves, has the adva ntage 

1 H ence the name o f compen sat illg developers so me
times applied to them. 
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-

D 76 K odak' 
.\ndrcscn :\ l ic ros I ,um ic ros·1 

YC\\"c tz 

<)3° 

a nd Lumic rc2 
Constituents J. G. Cap st afT \ 'c ldman n :-\. Seycwct z 

V. 13 . Seasc3 A. Se 
1927 I 

1928 1933 

"Vater , t o m a ke • · • · I 1 0 oz. 1 0 OZ . 10 O Z. 10 oz. 10 
( 1,000 c.c.) ( r ,000 c .c .) ( I .oooe.e.) ( 1,000 e.c.) ( , .00 

oz. 
oe.c .) 

iI '·etol • • • • • · <) gr. 6 - !fr J 0 . 

(2 grm. ) ( 15 grill .) 
- -

Sod a sulphite. a nhydrous I oz. " oz. • • ., 
( 100 grrn .) (75 grill .) 

H y clroq uinone ") , If I" -• • • • - - ;:, . 
(5 g rm .) 

22 gr. -
(5 grill .) 

- ----
' b' " T - - ;:, . 31)3 g r. 

(()O gr m .) (() O grm .) 
- -

H " I' ~ . 
( I a ' 6 r111 .) 

2() 

(60 
7 

( I '.5 

, " I' - 0 . 

g rrn . ) 
" I' ~ . 
g rill .) 

- - ---- -- . -
G lycin -• • • • • 

Paraphe nyle ned iam in e (base) . • -

-- -- -
Orthophen y lenecl iamine (base) -• 

Bo rax • • • • • 9 gr. 
(2 g rill .) 

• - -- - -
Trbucl ic phos phate -• • • 

IJo t assil l1ll bromide -• • • • 

of taking into accoun t automatica lly a ll va ria
tions but the range of luminosities o f th e sub
ject , a ll the negat ives being thus developed to 
the same development factor or gamm a. But 
as it is possible to choose a Watkins " factor" 
(ascertained experimentally) [or each va lue of 
the development factor, it is easy to class th e 
usua l subjects into various groupo according to 
their contrasts, and to use for each group a 
Watkins" factor" which will prod uce negat ives 
best su ited for the method of printing in view. 

I In t hi s developer, which is largely used in c inemato
g raph ic work, t he amount o f borax a lmost nc utrai ize.j 
the s ulphuric ac id combined with the free ba se o f the 
meta l. It wo uld seem that the omission o f the hydro
qu ino ne o n ly m odifies its properties very s ligh t ly. Th is 
developer is not a lllo ng t he m ost enicic llt as regard s 
fin e g rain, but it d oes no t d e ma nd an inc rease in 
exposure. To prepa re this bath, first dissolve t he metu l 
in wa ter a t about 1310 F. Dissolve separa tely O I1 C

q ua r te r o f the s u lphite a nd the h yd roqui no nc in wate r 
at a bo ut 1670 F., and po ur this solution into the form er. 
Fina lly di ssolve the res t of the sulphite a nd t he borax, 
add to the preced ing m ixture, and make lip to 10 oz. 
( 1,000 c.c.) . 

2 D evelop for a bo ut 7 min. at 65° F. 
3 Thi s de veloper appears t o be o ne of tire 1110, t 

ei'lic ient for red ucing grain (0. Bloch , 1936). With a 
deve lo pment tim e o f fro m 15 to 30 min ., a ccu rding tv 
t he ,emul s io n , th e exposu re mu s t be about d o ubl ed. 

4 r\ development time of 13 min. at 65° F . mu st nut 
be exceeded . 

- - ' 6 Hr - " . 
(C> g rm. ) 

- ++ gr. ..1-1 gr. 
( 10 g rill .) ( 10 g rill .) 

--- - ~ --

- - - " - - ",. .' . 
~rill. ) (- , .' . 

- - -

.- - - -- -----' .- - - . -_.-
- 17 gr. -

(3 '5 g rill .) 
0-9 g r . 4 I, 0"[ :! ;:, . -

(0 -2 g rrn. ) (J g rill . ) 

2 2 " I' ~ . 
(- , ., J r m .) 

3 
(0' 7 

"I' b . 

g nll. ) 

F or example, with the developer given below 
(British J Oltmal Almanac formula, due to 
Welborne Piper, and one of the best [ormulae 
known for pyro , both from the point of view of 
the keeping quality of the stock solutions and 
from that of absence of any st8.in on the nega
tives), any" factor" between IO and 14 will 
usually give sa tisfactory negatives. The lowe r 
" factor" should be chosen for ve ry cont rasty 
subj ec ts and the higher one for subjects with 
lit tle contrast. 

(.-\ ) P y ro . . • I oz . (50 gr ill. ) 
Soda sulphite c ry, t . 8 oz. (_~oo grm. ) 

or anhydrol ls . ..j oz. (200 g rill .) 

P otassium m ctabisu lphitc 1 oz. (50 grm .) 

Water . . . Go oz. (3.000 c.c.) 
( 8 ) Soda ca r bo nate, c rY:5l. 1 2. oz. (hoo g nn .) 

or anh yd ro ll s ....i oZ. ( .. US g rin .) 
\Vater . . . 60 oz. (3.000 e.c .) 

At the time o f use, mi x (A) I p a r t, ( 13) 1 part 
water 2 pa r t s . 

In the case of a ll other developers, the average 
Wat kins" factors " given in § 34-+ for va rious 
developers may be used, at least as an approxi
mate guide . 

387. Rational Automatic Development. The 
sure use of automatic development is possible 
only if the correct time o[ development has 

• 
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been experimentally ascertained with plates or 
film s of the same batch of emulsion which is to 
be used (c. E . K. Mees, I9II). On this principle, 
B. T. J Glover (I 92I ) has worked out a ra tional 
method of a utomat ic development , for a detailed 
description of which we refer the reader to his 
booklet, Perfect N egatives, and of which we here 
confllle ourselves to the main outlines-

Lay in a stock of plates or film s of the va rious 
sizes required for a consumption of at least 
three months. This stock must be purchased 
on one o rder, wi th the express stipulat ion that 
the whole supply must come from one batch 
of emulsion. 

H aving chosen a developer (two of the sug
ges ted formulae a re given below) of which a 
given portion is used once only, and having 
divided a ll subj ec ts into three classes accord ing 
to t heir range of luminosities (§ IS), the following 
tes t is made: Any common subj ec t wi th medium 
<untrasls (such as a house illuminated sideways, 
half in sunshine and with a foregoumd object 
one sid e of which is in shadow) is photographed 
three time' , the exposure given to each plate 
be ng double th at calculated by an actinometer 
(§ 32+). It is with this sam e subj ec t (and if 
poss ible at the same time of day) that the t es ts 
shou ld be repeated with each new batch of 
em ulsion. 

In order to ascertain the normal time of 
development (defined by Dr. Glover as the time 
of development which, with a subj ect of this 
class , g ives a negat ive suitable for contact print
ing on print-out paper or on normalrapid bromide 
paper), the three negative, are developed in the 
chosen developer a t the fIxed temperature of 
65 ° F. for times respective:y equal to the average 
I: ng th o f the normal duration of deve lopment 
(for that particular developer), as well as for 
six-tenths and for sixteen-tenths of this time 
(for instance, 3, 5, 8 minutes fo ~ the metol
hyd roq uinone deve loper, the average time for 
which is 5 minutes). After fini shing these three 
negatives, they are printed on the chosen paper 
with every care to obtain the best result. Then 
the normal duration of development will be the 
time of development used for the negat ive that 
gives t he bes t print. It may happen that none 
of th e three prints is perfec t. In this case, the 
normal time of development may be inter
mediate between two of the times t ested, or it 
may be outside their range. In the former case 
it suffices to take an average time ; in the la tter, 
a new se t of deve lopment time tests becomes 
necessary . 

Once the normal time is known , under the 
experimental conditions, the times of develop
ment of the same emulsion, but for other 
printing methods, can be obta ined from the 
table 1 shown on page 262 by the aid of factors 
mentioned in the table by which the normal 
time of development should be multiplied 
according to circumstances . F or rapid develop
ment (average time 5 min . at 65 ° F. ) Dr. Glover 
recommends-

M etol-hydroquinone-

Metal .. . . Il gr. ( I ·25grm. ) 

Soda sulphite, anhydrous 2 . I ~ oz. (75 grm .) 
Hydroquinonc . . . 33 gr. (3'75 grm .) 
Soda carbo nate, an hydrou s ~ oz. (25 gn n. ) 
P otassium bro mid e (10% solution ) 2 j d r ill. (15 c.c.) 
\Vater , to make • • 20 OZ. ( 1 ,000 c.c. ) 

For tank development (average time 30 min. 
at 65 ° F. ) the slow glyc in developer is used. 

Glycin Developer-
Soda sul ph itv, an hydrou::i 
Glyein . . . 

130 gr . ( 15 grill. ) 
90 g r. (JO grill .) 

P otassium carbo nate, dry _100 gr. (45 grill .) 
Water , t o mak e . 20 oz. ( 1 .000 c.c. ) 

At the time of use m ix I pa rt o f this stock with 
5 parts water. 

388. Development by Visual Inspection of the 
Image. The semi-automatic and automatic 
methods of development which have been 
described (§ 384 and § 385) cannot be used 
satisfactorily by the cinematographer, who 
receives for development film s of subj ec ts very 
varied in character taken on film s of various 
batches and various makes, nor by the techni cal 
photographer, who, of necessity, has to use 

I In making t his t a ble, Dr. Glover has cons idered 
the following data as best representin g ordi nary prac
tical conditions : Gamma illftwity (maximum con trast) 
is 2'5; range of co ntrast for the vario us types o f subject 
I: 60, I: 25. I: 10; range o f ex posu res g iving respec
tively the weakest grey a nd the maxim um black, 
J : 10 for papers o f g reat co ntrast; I : 20 for soft gasl ight 
papers; I: 50 for bromide papers and print-ou t papers; 
I : 80 for carbon a nd plat inum papers. Finall y, he has 
taken the average value of 1·6 fo r Callier's fac t.o r 
F!xpressing the approximate relation o f the dcnsit ies 
o f a g iven part o f the negati ve mcasu red respective ly 
in parallel ligh t and in diffused li ght. 

2 In preparing any meto l developer th e major portion 
o f the soda sulphite mu st no t b e added until the m et ol 
has been dissolved (§ 360), but " t the b eginni ng it is 
advisable to dissolve some pinches of sulp hi te (about 
o ne- fifth of the t o tal quantity) in o rd e r to avo id th e 
too rapid ox id ation of the 1l1c to l, which might occu r in 
tep id or hot pure water. 
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RELATIVE TIMES OF DEVELOPMENT AT 65° F. 

Contact Pr inting or Daylight Enlargement 
Enlargement by 

Artificial Light focussed vVithout a Co nd enser by a Condenser 

Subject • -, , , , 

Papers of Vcr }, 
Norma l Bromide Carbon and So ft or No rmal Pa per, Lan tern Soft or Normal Rapid Bromide 

Grea t Contrast Platinum Gaslight P,lpcr Plates, P.O.P., Gasligh t Papers Papers (for hard results) Pape rs Self -toning 

\ IVeak co ntras t • • 3/4 I 1·6 2'2 T / 2 4h 

- - -- - -- - - - - --

Medium co ntrast • • T/ Z 3/4 I 1'25 3/8 J /2 

-- - - -

High contrast • • ? / -- J 3/5 3/4 I 3/ 10 3/8 

This table is for use in conjunction with the developers g iven on the preceding page; it may be ullsuitabl e with 
other d evelopers. 

emulsions of different types, nor by the amateur 
purchasing his supplies day by day and making 
no note of the character of the em ulsions used 
or of the character of the subject. All these 
photographers must base their judgment of the 
poin t a t which to stop development (at the 
moment considered to be right ) on the appear
ance of the image. 

In these circumstances, often the only method 
of supervising development is the es timation of 
the degree of contrast in the negative when it 
is examined by transmitted light. Development 
is usually done in a bath of constant composition, 
a condition which, moreover, is imposed by 
considera tions of economy when development 
involves large quantities of developing solution 
which have to be used to exhaustion. This 
would not be feasible if the bath during use 
were modified as regards its con tent of active 
substances, The most that can be done with 
this inspection method, when a pla te or film 
comes up very unsat isfactorily, is to attempt to 
save it by placing it in a dish of clean water to 
stop development , then employing one of the 
special methods of development which are 
described later (§ 387 to § 389)' 

As already stated (§ 374), the judgment of 
t he moment when the difference between the 
ext reme densities of the negative reaches a 
favourable point demands a very long experi
ence , and even then leads sometimes to mistakes, 
at leas t if one is limi ted to one given method of 
printing. 

• 

Unless otherwise stated , the developing for
mulae usually published apply to this method 
of development by inspection, 

I n addition to the various formulae already 
given for automatic development, and perfec tly 
adapted to the present case, a select ion of other 
formulae are given here-

Maximum-energy M etol-hydroquinone Devel
oper for Under-exposures (J. 1. Crabtree, 19z1) 
to be used undiluted ; normal duration o f de
velopment 4 to 5 min. at 65° F. This deve loper 
will keep only for a few days, unless stored in 
bottles full to the neck and corkecl air-tight-

Meta l • , • f4 0 gr. (J. o grill. ) 

Sodasulphitc, anhydrous 1 525gr. (6ogrm. ) 

H ydroquinonc . . 140 gr. (10 grill.) 

Caustic soda • 

Potassium bro mide 

D enat ured alcohol 

• 

• 

• 

vVater, tepid, to make 

90gr. (I ogrm.) 

90 gr . (r o grm.) 

I oz. (50 c.c.) 

20 oz . ( T , 000 e.c .) 

Concentrated Paraminophenol Developer of the 
Rodinal Type (J. Desalme, 1913) . Dissolve! oz . 
(75 grm. ) of paraminophenolhydrochloride in 
6 to 70Z , (600 to 700 c.c.) of hot water, 2 and 
filt er if necessary . 

Add to th is solut ion 45 gr. (10 grm.) of sodium 
sulphite and I S O gr. (35 grm .) of dry sodium 

1 D issolve a pinch of the sul phite before d issolv in g 
the metal. 

2 If the solution is coloured , boil it for a few m inutes 
with washed an imal charcoal, 45 grs. ( 1 0 grm .). 
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carbonate, previously dissolved in 2 oz. (fluid) 
(200 c.c.) of tepid water. This produces a 
precipi tate of the free base , which is filtered on 
a cloth a fter cooling . The paste is drained so 
that it does not occupy a bulk of more than 
3 oz. (300 c.c.), and to it is added I oz. (100 c.c.) 
of liquid sodium bisulphi te of density 35° Be. , 
and then, little by little, soda lye of density 
40° Be. until the precipitate has completely 
dissolved. Then a very sma ll quantity of the 
bisulphite is again added to obtain a persist ing 
precipitate. Add water to bring up the total 
to 5 oz. (fluid ) (500 c.c.). Filter, and divide into 
a number of small, hermetically-sealed bottles. 
For use, this concentrated developer is diluted 
with 20 to 30 times its volume of water. 

Paraphenylenediamine Develop er (J. Desalme, 
19II) -

Paraphe nyl enediamin e (fr ee base) 90 g r . (10 grm .) 
Liquid sod ium bis ulph ite 35° Be. t oz. (fluid ) (25 c .c. ) 
Soda lye 40° Be. . . 6l d r m. (40 c .c.) 
P otass ium bromide. 25 gr. (3 grm .) 
\Vater , t o make . 20 oz. ( T ,000 c.c .) 

This developer oxidizes only slowly. I ts keeping 
quality is enhanced by keeping the caustic soda 
separately dissolved in ha lf the total amount 
of water. The developer is then prepared at 
the moment of use by mixing equal parts of 
the two stock solutions. 

Acid Amidol (Diaminophenol) Developer f or 
Over-exposed Negatives (G. Balagny , 1912). 
Depth deve lopment (§ 361) is perfec tly suited 
for very over-exposed negatives and for those 
of subjec ts with violent contrasts when it is 
wished to reduce these contrasts. 1 In this 
developer the image appears in about 10 to IS 
minutes, the total time of development being 
usually not less than 2 hours, and lasting some
times 12 hours. Development can, however, 
be conducted in a dish , as there is no deposit 
from this developer-
.-\ micl o l (diaminophcnol hydroch lor ide) 90 gr . (10 g rJ11.) 
Sod ium bisulphite lye 35° Be. . 4~ drm. (30 c .c .) 
Soda sulphi te, anh ydrous . . 50- 70 gr. (6- 8 grm.) 
\\ 'a.tCf , to make .. 20 oz . ( 1 ,000 coc. ) 

Developers Producing N egatives of Maximum 
Contrast. For obtaining the max imum of con
trast , especially in the copying of drawings, 
prin ted matter , or manuscrip ts with black 
writing on white paper, it is usual to employ a 

1 The d eep parts o ( a sensit ive layer exposed to light 
by its free surface ha\' ing rece ived less light th an t he 
super fi c ial ones, a ll processes dea li ng ch iefl y with the 
deep pa r ts a re not applicable to under·exposed images . 

hydroquinone and caustic alkali developer con
taining a very large quantity of bromide. Such 
a developer can be obtained by mixing, at the 
moment of use, equal volumes of the following 
solu tions A and B. 

(A) P otassium metabisulphite g oz. (20 grm .) 

(25 grm .) 
(~S grm. ) 

(B) 

H ydroquinone . t oz. 
P o tassium bro mide . 
Cold water, t o make 
Caus tic soda. . 
\ Vater, t o mak e • 

), oz. 
" 

20 o z. ( [ ,000 c.c. ) 
I oz. (.')0 g ri ll. ) 

20 oz . ( [ ,000 c .c.) 

This developer can be used once onl y; the 
average development time is 3 min . at 65° F. 

It is often possible to obtain sufficient con
trasts, though less considerable than with the 
above developer , by using the following solu
t ion, which is considerably cheaper, since it 
can be used repeatedly 1-

J\Ietol . . 9 gr. ( I gr m. ) 
Soda s ulphi te, anhydro us ' 1 i oz. (75 grm .) 
H yd roquin onc 80 gr. (9 g rill .) 
P otass ium carbonate t oz. (25 g rm .) 
P otass ium bro mide . 45 g r. (5 g rill .) 
Water, t o m a ke 20 oz. ( r ,000 c.c.) 

U lira-rapid Development . (H . Parker and 
J. I. Crabt ree, 1936.) In photography and cine
ma togra phy of topical events and for military 
intelligence work by aerial photography it is 
often necessary to cut down development t ime 
to a minimum (§ 382, footnote) withollt unduly 
sacrificing the qua lity of the images. This resul t 
is generally secured by using deve lopers ren
dered a lkaline by a caustic alkali, or made 
moderatel y warm . 

In either tank or dish, development can not be 
uniform unless it las ts at leas t I min. ; on con
tinuous machines th is period may be reduced to 
30 sec. in a case of absolute urgency . 

\Va ter , to make 
:I'let o l . . • 

[0 oz. ( [ ,000 c .c .) 
6 [ g r . ( [4 grm. ) 

Soda sulphite, a nh yd rous J oz. (50 grm .) 
H ydroq uin one . 6 [ g r. ( [-1- grm. ) 
Caustic sod a . 83 gr. {19 grm. } 
P otassium bromid e . 39 gr. (9 gnn .) 

The norma l development t ime is a bout 2 min. 

1 For obtai ning very great con t rasts in the reprodu c
tion o f line dra\\-in gs, it has been sugges ted t hat a fi lm 
be exp osed through its back a nd developed in a ta n
nin g d eveloper (pyrogallol o r pyrocatec hin) w it hout 
sul phite. T he un develo ped portion s of the e mul sion 
are laved <1 \\"ay in tep id water , d eve lopment is co m
p leted , and t he gelatine is t hen impregnated \\"ith a blac k 
d ye (E. Loen ing. 1933) . 

2 Firs t d issolve a pinch of sulp hite, then dissolve the 
metol and then add the rest o f the sulphite. 
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at 65 ° F. ; it can be reduced to about I min. by 
using the developer at 86° F. (§ 391). To reduce 
these times by half on m achines, the developer 
must have strong ammonia added to it a t the 
ra te of 1 2 mimims per ounce (25 c.c. per 
1,000 c.c.) . 

389. Development in Several Successive Baths. 
This method, which is a lso called development 
in severa l dishes, usually employs two successive 
bath s of different composi tion with , as extreme 
cases, th e use o [ two ba ths of the same formul a 
but a t differen t stages of ex haus tion, and the 
use of pure water as the second bath. 

We will deal successively with its a pplicat ion 
to t he correction of variations in exposure, and 
to its trade use, where it is sometimes adopted 
[or reasons of cost. 

Correction of Variations in Exposure. This 
method of development is perfect ly suited for 
supervised development of a la rge number of 
negatives taken in unknown conditions. De
velopment is then begun in a dilute or slow
acting bath, so as to retard the appearance o[ 
the image and to permit , after individual 
exami niltion , of development being completed in 
a bilt h for under-exposed negatives, or in one 
for over-exposed negatives. 

The different developers recommended by 
A. Hi.ibl (r897) a re prepared from the same stock 
solution (or, rather, from a species of clear 
paste which must be well shaken before taking 
any for use), prepared as follows-

Dissolve I OZ. (25 grm. ) of anhydrous soda 
sulphi.t e in 2t oz. (70 c.c.) of hot water, and then 
! oz. (20 grm. ) of glycin; then add , in small 
quantities at a time (because of the effervescence 
which occurs in the mixture) , 3i oz. (roo grm. ) 
potass ium carbonate. After the bubbling has 
ceased warm the mixture, if necessary, until 
all is dissolved , and then allow to cool. There 
should then be 5t oz. (ISO c.c.) of a clear paste 
(if much less , from evaporation, make up the 
volume to this amount with water). K eep in 
a well-stoppered bottle. 

In the tr ial bath, preferably cooled to 50° F., 
development should be complete in 60 to 90 
minutes ; with normally exposed negatives the 
image should appear in 15 to 30 minutes ; in 
such cases the development may be finished 
in the same bath or in il more concentrated 
developer. 1 

1 F or t he d evelopment of negatives fo r w hich the 
time of exposure has b een approximately correct , t he 
appropriate develop er is m ade by diluting 5 parts of 
this paste to TOO parts by volum e. Development should 
be complete in about 15 minutes . 

Water, to make 

Concentra ted developer 

T rial 
Bath 

Ove r
exposed 

Negatives 

Under
Exposed 

Nf'gativt's 

20 oz. 20 oz. 20 oz . 
(I,OOOC.C.) (I,OOOC.C.) (r,oooc.c .) 

2 dr. r oz. r! dr. .d-elr. 
( I 2C.C.) (60c.c.) (Joe.c.) 

Potassitull bromide (10% solu tion) 20 m in. 
(2 e.c.) 

6~ dr. 
(4 0 c. c.) 

Ca ustic soda ( 10% solution ) . 31 elr. 
(zoc.c.) 

If the image m akes its appearance in less 
than ro minutes, the negative has been consider
ably over-exposed and must be transferred to 
a developer containing a considerable amount 
of bromide ; in this solution at il t emperature 
of 50° F. development is complete in less th illl 
an hour. 

If no trace of the image (except, perhaps, 
the sky) appears in 30 minutes, the negative 
has been under-exposed, and must be quickly 
placed in a bath accelerated by addi t ion of a 
caustic a lka li ; the temperat ure of this bath 
should be about 77° F. and development is then 
complete in 10 or I S minutes. 

In cases where there is less unccrtilin ty 
as regards the exposure, this method of working 
may be very much simplified by employing two 
developers only, both at room temperature. 

Whilst the two developers for this purpose 
may be prepared from differen t substances, as 
a general rule the two baths a re m ade up from 
the same developing agents but in different 
proportions ; one of them (the soft bath) must 
be such as to give the best result with under
exposed negatives, whilst the other (the hard 
bath) will give the best results with over-exposed 
negatives . 

The following formulae (A . Calvet, I 9II ) are 
well suited to this m ethod of working:-

Soft Bath Hard Bath 
Soda sul phite, 

anhydrous 
350 gr. (40 grm. ) ' 30 gr. ( [ 5 grIll. ) 

Amidol . [ 8 gr. (2 gnn.) 
P otassiUlll bromide 50 min . (5 c .c.) 

(10 % solution) 

53 gr . (6 grm.) 
I oz. 3t dr. (70 c.c .) 

\Vat er, to mak e 20 OZ. (r ,ooo c.c.) 20 oz . (r ,000 c.c.) 

When it is noticed during developmen t in a 
strong bath that the high-lights tend to acquire 
a considerable density, before the deta ils of t he 
shadows have acquired sufficien t, t he negative 
may be put into a dish of water ; the dish is 
rocked two or three tim es and t hen left und is
turbed (§ 341). I t has been suggested (A. 
Knapp, 1933) to alterna te immersions in th e 
developer and immersions in pla in water in 
order to obi ain the best results from under
exposed negatives. 
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Industrial Applications of T wo-bath Develop
ment. To use up as fully as possible the de
velopers, which are the most expensive con
st ituent of developing baths, the various 
components may be divided into two baths, 
the first containing the developers and a part 
of the su lphite, while th e second contains the 
remainder of the sulphite, the a lkali, and, 
possibly, the soluble brom ide. 

In the first bath the emulsion absorbs a qua n
tity of liquid depending on the swelling of the 
gelatine, a swelling which , for a given emulsion 
and a given bath, has a limit fixed for each 
temperature. No development occurs in this 
bath, so that its composition remains unchanged 
if we disregard atmospheric oxidation, which is 
very slow in the absence of an alkali 1 Placed , 
without intermediate rinsing, in the second 
bath, the emulsion develops, first rapidly and 
then more and more slowly, owing to the diffu
sion of the developer in th e bath. Any variat ion 
in the times of immersion in the baths beyond 
the minimum times easily ascertained by trials, 
has therefore no appreciable diect on the value 
of gamma. 2 Owing to the limited amount of 
developer involved, the straight portion of the 
density curve tends to curve in its upper part. 

The first bath shou ld be kept at a constant 
level by addition of stock ba th. The second 
bath, in which the waste products of develop
ment accumulate, must be replaced fairly often, 
or kept at a constant composition by pouring 
away a given portion of the total volume and 
replacing this with new bath. 

Very in teresting applications of this method 
have been made, especially in aerial photography 
and in cinematography (A. de Odencrants, I 9zz; 
L. Lobel, I9z6; J. 1. Crabt ree, H . Parker and 
H. D. Russell, I 933) . 

Two-bath development can also be effected 
by means of two complete developing baths : 
the first bath acting as a stock for mainta ining 
the second, this contribution being automatic
ally proportional to the surface developed, or 
the first bath may have the same composition 
as the second, but as the plate only remains a 
short time in the first bath, this remains almost 
new. The short immersion in this new bath 
suffices, however, to avoid a decrease of gamma 
and speed, as would occur if development took 

I In this case there is no prel im inary wetti ng . which 
co uld on ly be di sadvantageous. 

2 If the contrast is insuflicicnt, it is obviously 
possible to replace the negative in the flfst bath, but 
all the economic advantages of this method would 
thereby be lost . 

place entirely in the used bath. When the 
second bath is exhausted it is replaced by th e 
fi rst , which in turn is replaced by a fresh solu
tion (Crabtree, Parker, and Russe ll , I933). 

390. Tentative Development. This method of 
development is only prac ticable in the treatment 
of a small number of negatives ; it is used chiefl y 
with pyrogallol; as an example of its working, 
we shall take a case in which caustic soda is 
used as alkali (Drouet, I S9S) . 

When ready to star t work, the following bath 
is prepared-

Soda sulphite, . 25t030 gr. ( l ·s to lgrm .) 
anhydrous 
Caustic soda I (10 % solution) 2 to 3 drops 
Pyrogallol' 8 to 9 gr. (0' 5 to 0 ·6 grm. ) 

Water, to make . 3! oz. ( [00 c.c .) 

If, after about 30 seconds' immersion in this 
bath the image has not appeared, pour the 
liquid into a measure and add two more drops 
of the caustic soda solution, mix, and pour the 
mixture again on to the pla te or film; continue 
these additions if necessary until the high-light s 
a re fain tly visible. Once the high-lights are 
clearly indicated, one or two drops of the caustic 
soda solution may be added from time to time, 
and the quantity may be increased a little 
towards the end of development . 

For over-exposed negatives .add to the bath 
as soon as possible a few drops of a IO per cent 
solution of potassium bromide. If the negative 
is k nown to be over-exposed it is bes t to do this 
before commencing to develop. The additions 
of caustic soda must be made less frequ ently, 
a nd towards the end the quantity of pyrogallol 
must be increased a little . 

For under-exposed negat ives, as soon as 
possible increase t he amount of caustic soda 
solution up to about IO drops. If the negative 
is known to be under-exposed (e.g . when a 
negative exposed under identical conditions has 
already been developed), it is better to omit 
the pyrogallol altogether at first, this being 
added 30 or 40 seconds after placing the plate 
or film in the alkali. Continue adding caustic 
soda during development. 

391. Development in Tropical Climates. 
Various special precautions must be taken in 
hot climates. In the first place , development 

l In order to use this solution conveniently, keep it 
in a glass dropping bottle, of which the ground neck 
is covered with paraffin wax to prevent the stopper 
fro m sticking. 

2 This amount corresponds very closely with the 
amount of resu blimed (feathery) pyro held by a 
common wood en mustard spoo n. 
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should not be deferred more than a few days, 
since the latent image sometimes suffers a 
gradual fading (regression) under the combined 
influence of high temperature and atmospheric 
moisture. Films are especially liable to this 
fading of the image . Next, the gela tine must 
be prevented from swelling excessively during 
the process ; such swelling might lead to various 
troubles (melting, frilling, reticula tion , etc. ) 
Finally , sudden changes of temperature must 
be a voided with the swollen gela tine ; these only 
increase the risk of accidents, and it is better 
to carry ou t the whole of the operations in baths 
at the surrounding temperature, even though 
it be high, than to use chilled baths for some 
parts of the process and warm water for others. 
In equatorial regions it is also advisable to carry 
out the work when the temperature is not so 
high , generally during the night. 1 

In order to prevent the swelling of the gela tine 
without preliminary hardening, addition is made 
to the developer (and to any baths such as 
desensi tizers used before development) of 10 per 
cent to 2 0 per cent of soda sulphate (§ 356) ; or 
alcohol is substituted for a certain proportion 
of the water. 

As the result of a systematic study 2 of a grea t 
number of developers used a t various tempera
tures up to 95° F., J. I. Crab t ree (1917) recom
mended the following developer-

Sod a su lph ite, anhydrous 

Para m inophen ol hydrochloride 
• 

• 

1 oz. (50grm.) 

60 gr. (7 grm .) 

I oz. (50grm.) Sod a carbo nate, anhydrous 

Soda s ul phate, crysta ls . 2 t o 4 oz. (100 t o 200 gnn .) 

\Vatc f , to make • • · 20 oz. (1.000 c .c.) 

The maximum quantity of soda sulphate is 
employed only if the developer is a t a tem-

1 Alum ha rde ni ng b efore or during d evelop ment 
(add ition of chrome alu m to an amidol develop er ) 
o ften produ ces i neq uali ties of d ev elopment. It h as 
b een suggested that the sulp h ite content b e r ed uced 
to abou t ' 3 gr . per 20 oz. (1'5 gr m. per li t re) in order 
t o a ll ow h a rdeni ng o f t he gelatine by t he oxid atio n 
products of the develop cr. b u t in this w ay on ly t h e 
gela ti ne in t h e image is tanned, a nd this action is a lso 
t oo slow when t he gelatine h as b een a ble t o swell 
a lready as is t he case in h ot climates. 

2 It is well to call t he attention of experimen ters 
to the fact that such methods as these, which in t e m 
perate and dry climates permit of the easy handling 
o f plates and fi lms up to 95° F ., ofte n fa il w hen em
ployed in hot and humid climates, producing retic ula
t ion at temperatures hard ly great er than 80° F. T h is 
a nomaly may perhaps b e d ue t o t he considera ble 
q uanti ty of w ater vap our a b sorbed b y the gelati ne 
b efore development. 

perature of about 95° F.; at about 80° F. the 
minimum amount stated is quite enough. A 
slight reticulation should be produced only 
after 4 or 5 minutes ' immersion in the developer, 
a time greatly in excess of the normal duration 
of development, in spite of the retardation due 
to the sulphate. Development takes twice as 
long with the lesser quantity of sulphate sta ted 
and three times with the larger quantity. 

Although this developer has little tendency 
to give chemical fog, it may be necessary. 
especially at the higher temperatures, to add 
to it a small amount of potassium bromide, 
unless exposures are uniformly increased. 

A slightly acidified amidol developer without 
any special addition may be used a t tempera
tures up to 80° F. and more, by reason of the 
very slight swelling of gela tine in acid baths. 
This developer may be adapted to temperatures 
up to 95° F. by the addition of sulphate of soda, 
as follows (L. J. Bunel, I924)-

Soda sulph ite, a nhydrous 

P otassiu m m etabisulphit e 

Am idol . . . 

P otassiu m b romide • 

Lactic acid (offi cina l) . 

Soda sulpha t e, cryst . . 

\Va t er, to make • 

260 gr. (30 grm. ) 

90 gr. (10 grm.) 

45 gr . (5 grm .) 

45 gr. (5 gn n) 

50 m in. (5 c.c.) 

2 Oz . (100 grm .) 

20 oz . ( 1 .000 c.c.) 

At higher temperatures than 95° F., sulpha te 
of soda, even in larger amounts, no longer serves 
to prevent excessive softening of the gelatine, 
and part of the water normally used for making 
up the developer must be replaced by alcohol. 

Whatever the developer employed. rinse the 
developed negative very rapidly , and proceed 
either with temporary " fIxing," according to 
§ 375, or with fixing in a combined hardening 
and fixing bath (§ 40 3) 1 

392. Combined Developing and Fixing. It is 
possible to carry out in a single bath the develop
ment and fixing of a gelatino-bromide negative 

1 Fixing b aths conta ining a lu m a re no t v ery st a b le 
at com para tively h igh temperatures, and it is often 
better to hard en the gela tine before fix ing (Crabtree, 
1924) . For this purpose the negative is taken fro m t he 
d evelop er a nd rinsed for 2 or 3 seconds and is then 
immersed fo r 3 mi nutes in a 3 p er cent solution of 
ch rome a lum or o f ordina ry alum (this bath m a y also 
con tain abou t 1 0 p er cent o f soda su lphate) . During 
th is im mers ion the liquid in the b a t h must b e constantly 
kept mov ing, a t least for t he first m inute, fo r , if n o t , 
ma ny troubles m ay occur (s t ains , frilli ng , etc.) . D uring 
its use the bath grad ua lly cha n ges its colour from violet
blue t o greenish-yellow ; when the latter sta ge has b een 
reached it must b e replaced by a n ew bath. 
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plate or film (gelatino-bromide papers cannot be 
t reated in this way without the formation of 
heavy fog) . This fact was known to W. D. 
Richmond (1889). It is, however, only in recent 
years that it has been possible to obtain sa tis
factory resul ts in this way, and even then only 
in cer tain cases. F or one thing, many emulsions, 
in order to give passable results by this method , 
must be given considerable over-exposure, and, 
for another, fi xing and development are not 
influenced to the same extent by vari a tions in 
temperature, the process of fixing being retarded 
by cold and accelerated by heat more than is 
the case wi th development (C. E . K. Mees, 1921 ). 
This causes heavier development to occur in cold 
baths than in hot . 

Improving on the methods due to C. Otsuki 
and T. Sudzuki (1914), and to L. J. Bunel (1921), 
A. a nd L. Lumiere and A. Seyewetz (1924) 
recommended the following bath, in which 
development and fixing are completed in IS to 
20 minutes a t a temperature between 60° F 
and 65° F . (About 2 oz. of the solution are 
required for a quar ter-pla te.)-

Sod a s ulphite, anh yd rous 

Am id ol • • • 

Soda p hosphate , tr ibas ic . 

H y p o • • • 

350 gr. (40 grm .) 

45 gr . (5 grm. ) 

175gr. (20grm .) 

~. oz. (2 5 grm .) 

\ Va ter, to rnake . . 20 oz . ( r ,ooo c .c.) 

When the solu tion has been once used it must 
be thrown away. 

(g) T ESTI NG A D EVELO PER 

393. Method for the Comparative Testing of 
Two Developers.l Th e procedure generally 
adopted by photographers to compare two 
developers consists in exposing two ident ical 
pla tes or fi lms on the same subj ect with the 
same time of exposure ; one of these is developed 
in each developer and the images so ob tained are 
then compared . This method is not very satis
factory because it is not possible to place side 
by side the par ts of the two negatives which 
have received the same exposure ; comparison 
is therefore difficult, The test is much more 
useful if it is carried out on a scale of uniform 
tones ob tained by exposing a plate or fil m in 
successive bands to intensities which correspond 
respect ively to the shadows, half-tones and 

1 Parag raphs 393 and 394 are a resume of an article 
by J. 1. Cra btree, p ublished in Brit . J. Phot o v ol. 69 
(1922 ) pp . 153, 170 , 188 . 

high-lights of average sub jects ; a fter cu tti ng 
this negative in to several ident ical strips, each 
comprising a complete scale of tones, strips are 
developed for different times in each of the two 
developers. After fi xing and washing, corre
sponding tones are placed side by side for 

• compan son. 
Take a plate or fi lm (preferably 7 X 5 in .) 

or a piece of sensit ized paper, place in a printi ng 
frame at such a distance (determined by a 
preliminary t rial) from a weak source of ligh t 
that after two seconds' exposure a normally 
developed emu lsion just shows a t race of image 
when compared with a portion which has not 
been exposed at all. An opaque card held in 
front of the frame allows different times of 
exposure to be given to the va rious parts of the 
pla te. At the star t the card covers a band about 
half an inch wide and parallel to the longe r side. 
This band will eventually be used for compa ring 
the amount of chemical fog resul ting from the 
various conditions of development. After two 
seconds' exposure, the card is pushed on about 
half an inch , and this is repeated a fter periods 
of 4, 8, 16, and 32 seconds, coun ting from the 
start of the fi rst exposure. 1 When this has been 
done, cut the pla te or film in to a certain number 
of pieces. Fig. 171 shows such pieces after 
different ti mes of developmen t in a metol 
developer E and in a hydroquinone developer H , 
and exhibits the characters of the two developers. 
The image appears very quickly in the metol 
developer, whilst in the hyd roquinone developer 
it appea rs very slowly , bu t the density then 
increases more q uickly , so t hat t he two negati ves 
are almost ident ical after a sufficiently long time 
of develop men t. 

394. Applications of the Practical Test. Th e 
density of the area A, which has been protected 
from all ligh t-action, gives the amount of fog 
produced by developmen t . The density at B , 
slightly exposed, corresponds wi th the shadows 
of a subj ect and records in some measure the 
power of the developer to render details in the 
shadows, whilst the difference in density 
between B and F shows its power to yield con
t rast . 

When a comparison is made, a t the same 
temperature, of two developers p repa red by the 

1 \Vhere ITlany such tests a re to be made, a nega t. ive 
should be made o nce and for all by the sam e method, 
an d shou ld be develo ped with o ut be in g cut up. The 
darkest band should the n be covered w ith black paper , 
and the ti me o f expos ure adjusted so as to produ ce, on 
dev elopment , o nl y a fa int de ns ity under the dark est 
o f the bands next to the one covered by the mask. 

• 
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same formula but with two different samples 
of the same developing agent, the times of 
appearance of the image are inversely propor
t iona l to the respective contents of t he active 
substance in the samples. This furnishes a 
simple test of the puri ty of such substances. 

The same methods of working will serve to 

F 

E 

• 

o 

c 

B 

A 

E H E 
1 MIN. 1 MIN. 2 MIN. 

(h) PHYSI CAL D EVELOPMENT BEFORE OR 
AFTER FIXING 1 

395. Physical Development before Fixing. 
Physical development , which consists in the 
deposition of nascent silver formed in the 
developer on the nuclei of the la tent im age, 
and which is the normal method employed for 

Exposure 

32 Secs . 

16 " 

• 

8 " 

4 " 

2 
" 

o 
" 

H E H 
2MIN. 4MIN. 4MIN. 

FlG. 171. COMPAHATIVE EFFECTS OF METOL (E) AND HVDHOQU INO N E (U ) DEVELOPER S 

test the efi cct of bromide on a developer. This 
is done by measuring approximately the ratio 
of the times of exposure which, with and without 
bromide, give two tones which differ in density 
from the respective fog values by the same 
amount. 

The resistance of a developer to oxidat ion 
may be determined by comparing two samples 
of the same solution maintained under the 
following conditions : One is kept in a full and 
well-stoppered bottle; the other is kept in an 
open dish with free access to the air, precautions 
being taken to keep up the volume of the latter 
sample in case of evaporation of water. 

the developmen t of the image in the wet
collodion process, is also applicable to gela tino
bromide emulsions. As a rule, however, the 
method has no advantages over ordinary 
chemical development. The precipitation of 
silver may be brought abou t in solu tions which 
are alkaline, neutral or acid . One of the most 
commonly employed methods is that of Llippo
Cramer, 1903, 1923). 

1 These methods are not always applicable to ortho. 
or panchromatic em"ulsions, nor to ordinary emulsions 
after desensitization , because th e dyes absorbed by 
the nuclei of the image sometimes prevent development 
(Lumiere and Seyewetz, 192 4). 

• 
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The stock solu t ion is prepared as follows-

:l leto l • • 130 to I75gr. (J 5 t o 20 gr m .) 
Cit r ic ac id • • 2 OZ. ([00 grm. ) 
Soda c it rate • • 130 g r . (.I 5 g rm.) 
\-Va t er to make , 20 oz. (J ,000 c.c.) 

The forma tion of mildew in this solu t ion may 
be prevented by the addition of a small quantity 
of phenol. When required for use , ta ke 3t oz. 
(100 c.c.) of this solution and add from 50 to 
I70 minims (3 to IO c.c .) of a 10 per cent solution 
of silver ni t ra te. Development is ve ry slow. 
As soon as the developer becomes turbid it must 
be replaced by a fresh lot. 

Plates of recent manufacture must be used 
and the exposures given must be large .1 One 
condition of success is tha t a ll dishes employed 
must be quite clean; it is best to use a glass dish 
which has been very carefully cleaned . 

It has been proposed (A. Schmidt , 1896) th at 
when a pl a te has been found to be over-exposed 
chem ical development should be s topped a t 
once by washing in water, the pla te being then 
trea ted by a physical developer. 

Since physical development affects only the 
surface layers of an emulsion, C. E. K. lVIees 
(I909) has proposed development by this method 
fo r fme-grained emulsions, coated in specia lly 
thin layers, fo r the purpose of increasing their 
resolving power. At presen t physical deve lop
ment of this kind is merely of theoret ical 
interes t. 

396. Physical Development after Fixing. Th e 
fac t that the la tent image may be deve loped 
by deposition of silver or mercury a fte r t he 
sensiti ve silver salt has been dissolved by a 
fixing ba th was pointed out in 1858 by Young 
in the case of collodion plates and in 1894 by 
Kogelmann , in the case of gela ti no-bromide 
pla tes. This method has scarcely any prac ti cal 
" alue, bu t is of some experimenta l interest , for 
which reason the recent ly improved methods of 
.-\ . and L. Lumicre and A. Seyewetz (1924) may 
be mentioned . 

Ample exposures must be given and these 
must be proportionally greater if the most 

1 T he iOd izing o f t he emulsion before its d eve lo p
ment (§ 330, footnote) e nables normall y exposed nega
ti ves to be submit ted t o p hysica l d evelop me n t (A. F . 
Ode ll , (933) ; the developer recommended, which acts 
slo \\' ly (req u ir ing a bout 2 hours) co nta in s s il ver nitrate , 
sulph ite, hyposu lphitc o f soda , a nd d iamin ophc nol 
h y d rceh lor-ide, 

sensitive emulsions are used. The pla te must 
be fixed in an alkaline bath, e.g. one in which 
100 minims (10 c.c.) of ammonia (220 Be.) are 
added to 20 oz. (1,000 c.c.) of 30 per cent hypo . 
It must not be kept in the fixing ba th more 
than 5 minutes, and must then be washed in 
several changes of water made alkaline by the 
addition of ammonia . As soon as fixing is 
complete all further opera tions may be carried 
out in full light. 

The developers whi ch appear to be most con
venient are prepared from two stock solutions-

Silver Al awry 
(Al Soda sulphite , anh ydrous. l ,sSagr. I .S80 gr. 

( 180 grm .) (18ognn.) 
Si h"e r nitrate (10% solution) • I! oz. 

(75 e.c.) 
i\ lercu ric bromide 80 gr. 

(9 gr m. ) 

\,ya te r , to m a ke 20 oz. 20 OZ. 
( 1,000 e.c .) ( 1,000 e.c.) 

(B ) Soda su lphite, anhydrous. 175 gr. 175 gr. 
(zo g rm.) (20 g n ll.) 

P~raphcnylcn cdiamine (base) 175 gr. -
(20 gn u.) 

Metal 1751,;"r. 
(20 grm.) 

\-Va ter, to make 20 oz. 20 oz . 
( 1,000 e.c.) ( 1 ,000 e.c.) 

For usc, mix 5 volu mes of (A) with 1 volu me of (B). 

Development must be carried out in a glass 
dish which has been very thoroughly cleaned , 
otherwise the greater part of the metal will be 
deposited on the sides of the dish instead of on 
the image .' 

The image appears very slowly and its density 
only a ttains a value sufficient for printing aft er 
several hours. The bath itself, however , is 
almost completely used up in about an hour, 
and must be renewed hourly . The image, clear 
grey by reflec tion, is sligh tly violet by trans
mitted light, even a fte r very prolonged develop
ment. After intensifica tion, an im age is obtained 
of density suitable for printing, even if develop
ment has been allowed to con tinue only for 
about half an hour. U ncler the microscope the 
image resulting from p rolonged development 
by sil ver (48 hours) is seen to consist of sha rpl y 
defin ed hexagonal grains, indicating t ha t a 
crystallization of silve r round the nuclei of the 
la tent image has occurred. 

The characterist ic curves of negat ives trea ted 
by these methods have the same form as those 
corresponding with chemical development, but 
by sufficiently prolonging deve lopment it is 
possible to obtain much higher gamma values 
(lVI . Ranot and W . Guillemet, 1928). 

, 



CHAPTER XXIX 

F IX ATION 

397. The Purpose of Fixation. Fixing and wash
ing are necessary in order, firstly, to convert 
th e salts of silver remaining in the image, afte r 
its development, into soluble substances, and, 
secondly , to remove them 1 Contrary t o common 
opi nion, the former of these processes is by far 
the more important; wash ing , no m atte r how 
prolonged , can only remove soluble substances, 
and is not e ffective if the previous process of solu
tion has not been carried to completion by fixing . 

398. Solvents of the Silver Ha lides. It must 
be said at the outset that there are no t rue 
solvents of the chloride, bromide , or iodide of 
sil ver. When sugar is dissolved in water a nd 
the latter is evaporated, spontaneously or by 
boiling , the sugar is recovered in its original 
condition ; this is really a case o f true solution . 
If silver bromide be submitted to the action of 
one of the saline solutions which are generally 
considered as its solvents, the evaporation of 
the liquid so obtained will never leave behind 
silver bromide; the residue will consist of trans
formation products of this salt, due t o the 
chemical interact ion of the silver salt and the 
I1xing sal t. This is not a purely academic 
distinc tion; we shall see later that it is of g reat 
prac tical importance. 

The first prac tical fixer tv be used was hypo
sulphite o f soda, employed for this purpose by 
H erschel (son of the astronomer) in 1839. 
H yposulphite of soda, though it deals effectively 
with the chloride a.nd bromide of silver, is only 
a very mediocre fixing agent for photographic 
coatings conta ining ma inly iodide of silver. It 
was abandoned on the in troduction of the wet 
collodion process, in which fixing was done by a 
solution of cyanide of potassium 2 Hyposul-

1 After as perfect a fixing as possible there always re
mains, und er t he greatest densit ies of the image, a very 
small a moun t of s il ver brom ide , which can be developed 
or dissolved a fter the s ilver o f the image has been 
cEm inated by a sulphuric solutio n of permanganatc. 

:1. Cyanide o f potassi um is now almost entirely 
replaced by cyan ide o f sodium. B oth of these salts, 
even in v ery small a mo unts , arc extremely da ngerous 
po isons , if absorbed b y the mouth o r throu gh a scratch 
in the skin . Exposed to t he air, th e ir so lutio ns slow ly 
liberate hydrocyanic acid , whic h by acc umulating in 
a badly vent ilated place- as many photographi c 
dark-rooms arc- may cause indispos itio n o r e ven 
serio us illness. 

phite returned to favour when the gelatino
bromide pla te replaced , except for certain special 
applicat ions , the collod ion processes. I t may 
be considered as being practically the only I1xer 
111 common use. 

The various other substances capable of 
converting the halides o f sil ve r into soluble 
substances are considerably more diffIcult to 
use. The solutions so obtained a re not very 
stable and are precipitated on dilution, and do 
not permit of fin a l removal by washing. This 
is notably the case with ammonia (ineffective 
for iodide of silver), with sulphi tes and bisul
phites (only slightly active), wi th sulphocyanides 
(thiocyanates) , with thio-urea and its deriva· 
ti ves. 

399. Hyposulphite of Soda. Hyposulphite (or 
thiosulphate) of soda 1 (Na2S20 3 • SH20 ) occurs 
in crystals of vary ing size , o f density I '7, con
ta ining 64 per cent of the ac tive substance 
(anhydrous hyposulphite) a nd 36 per cen t o f 
water. It is deliquescen t in moist air; it is very 
soluble in wa ter, but insoluble in alcoho l. It 
melts at about 122 ° F. in its own water of 
crystalli zation, and is completely dehydra ted 
by heating to a temperature above 212° r., 
but this leads to partial decomposit ion unless 
special precautions arc taken, and thus the price 
of anhydrous hyposulphite is excessive . 

On di ssolving in water, hyposulphite of soda 
lowers the tempera ture, thus forming a f reezing 
mixture ; for this reason the preparation of 
solutions should not be le ft un til th ey a re 
req uired for usc . F or making-up quantities of 
hyposulphite of soda on t he commercia l sca le, 
a Baume hyd rometer should be used , toget her 
with th e following table, which refers to a 
temperature of 60° F.-
Concentration of so: utio ll . I O% 
Degrees, 13aumc . . 7" 

Solutions of hyposulphite decompose slowly , 
even when kept from air and light ; sulph ur is 
deposited, whilst a little sulphite is formed in 
the solution. 

With very few except ions, acids (even the 
weakest) and acid salts decompose hyposulphite 

1 In chemical language, the word hyposulphitc 
somet imes s ignifies the salts whic h are commonl y 
k nown as hydrosulphites. 

2 7 0 
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of soda more or less rapidly, according t o the 
concentration and strength of the acid. This 
decomposi tion manifests itself by the gradual 
forma tion of sulphur, which is se t free in such 
a condition (colloidal sulphur) that it is only 
seen with di fficu lty. The particles unite with 
one another, and a t first a bluish opalescence 
appears, then a whi te turbidity , and finally a 
ye llow precipitate is formed; at the same time 
sul phur dioxide and sometimes sulphuretted 
hyd rogen are se t free, whilst in the solution 
sulphate of soda and thionates (Seyewetz and 
Chicandard , 1895) a re formed. Once started , 
this decomposition goes on un til the hyposul
phite is completely des troyed. 

Among the common acids and acid salts, 
bori c acid and bisulphite of soda alone cause 
no decomposition of hyposulphite solutions ; or 
at any ra te, the decomposition is so slow as 
not to occur during normal times of s torage. 1 

This property of bisulphite of soda in relation 
to hyposulphite causes sulphite of soda to behave 
as a protecto r of hyposulphi te against acids. 
The lat ter a re not able to at tack the hyposul 
phite until a ll the sulphite has been converted 
into bisulphite. 

Neutra l or acidiflCd solutions of hyposulphite 
attack a great many metals, the action being 
particularly rapid in the case of zinc, so that 
zinc washing trays a re quickl y corroded when 
used continually . Nickel is only slightly at
tacked, and tanks of t his metal may therefore 
be used for fixing baths, provided that the 
solu tions are removed when fixing has been 
fmished. F or commercial use, tanks of wood, 
glazed earthenware, or even of lead, lapped and 
self-soldered, are employed . 2 

Neutral solu tions of hyposulphite only attack 
metallic silver very slowly, even when it is in 
such a finely di vided condi tion as in photographic 
negatives; even then, free access to the air must 
be allowed for the action to occur (Haddon and 
Grundy, 1896) . Thus, t here is no harm in leav
ing photographic images for several hours 3 in a 

1 Sulphiding of sensi tive plates or papers has, how
ever, been noted in a dark-room, where a dish is a lways 
kept con tainin g s uch acidified fixing baths. 

, Addition o f 1 p er cen t sulphate of soda to fix ing 
ba t hs prevents o r retards considerably t he attack of 
ac id fixers o n lead (C. i\1i1l ian i, 1 9~ I ) witho ut interfering 
w ith the norma l co urse of fixing. 

3 T he silver o f images fi x~c1 with hypos ulph itc o f 
soda co ntains traces o f so me s ulph ur compound no t 
yet identified. After di .:isolv ing a way th 8 s ilver by 
means o f s liitable reagents , thi -:; substance re mains in 
t he coating in the form of silver su lph ide (Llippo
Cramer , 1923 ). 

ne~ttral fixing bath, provided that the negatives 
or prints are full y covered with solution; an 
appreciable reduction would appear on any 
portions st icking up from the liquid or lying on 
the surface. 

Acid solutions of hyposulphite of soda, on 
the other hand, slowly attack metallic silver 
(A. Lainer, 1890) without the in tervention of 
atmospheric oxygen, the solu tion of a ll the silver 
in a negative sometimes being complete in 48 
hours. Leaving negatives or prints for long 
periods in acid fixing baths is therefore to be 
avoided. 

Alkaline solutions of hyposulphite have prac
t ically no action on the silver of photographic 
• lmages. 

400. The Chemistry of Fixation. When a very 
small quant ity of hyposulphite comes in contact 
with a large excess of a salt of silve r it tends to 
form hyposulphite of silver; th is salt is unstable, 
like almost all hyposulphites, and decomposes 
quickly into brown or black insoluble sulphide 
of silver and sulphuric acid, which remains in 
solution. 

This explains the stains which are formed 
on sensitive surfaces , particularly on print
out papers (containing soluble salts of silver), 
when they are t ouched by fingers soiled wi th 
hyposulphite. 

It is quite otherwise when the salt of silver 
comes in contact with a large excess of hypo
sulphite of soda in sufficiently concentrated 
solution. Again, hyposulphite of silver tends 
t o be formed, but this salt combines at once 
with excess of hyposulphite of soda, forming 
complex hyposttlphites of silver and sodium. 
These salts are comparatively stable and are 
sharply differentiated in all their properties 
from a mixttlre of the two simple hyposulphites. 
F or example, these complex hyposulphites have 
a swee t taste, l whilst hyposulphite of soda has 
a bitter and sulphurous taste, and the salts of 
silver genera lly have a very disagreeable metallic 
taste . 

The composition of these complex salts ap
pears to vary according t o the nature of the 
salt of silver which is caused to react with 
hyposulphite of soda (Gaedicke, 19°3 ; Lumiere 
and Seyewetz, 1907). Whatever the original 
salt of silver, however, according to the 
proport ions of hyposulphi te and of the silver 
salt, one may always obtain either a soluble 

1 Some workers m ake use o f this fact in order to 
judge o f th e progress o f washing by applying to the 
tong ue one o f the prints under treatment. 
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complex hyposulphite or an insoluble complex 
hy posulphite. 1 

It is obvious that it is the format ion of the 
soluble complex hyposulphite which must be 
aimed at during fixing, because only a soluble 
salt can be removed by washing . Th e soluble 
complex hyposulphites conta in, for a given 
quant ity of silver hyposulphite, a higher pro
portion of hy posulphite of soda t han the in
soluble hyposu lphi te; their formation requires 
the presence of a la rge excess of available 
hyposulphite of soda, which is not already 
saturated with salts of s ilver. 

These complex salts decompose spontan eously 
in the cold, dep ositing silver sulphide; this 
decomposition is very rapid in the absence of an 
excess of hyposulphite of soda ," and is acceler
ated by heat and light. It is well-known that 
used fixing baths deposi t in time a black sludge 
consist ing mainly of sulphide of silver. 

The rules which must be followed in order to 
ensure the effective fixat ion of photographic 
pla tes , films, and papers follow logically from 
these facts. 

401. The Mechanism of Fixation. Th e m ech
anism of fixati on has been studied specially by 
Sheppard and Mees (1906) and by Warwick 
(1917). These workers used very different ex
perimenta l m eth ods, but arrived at identical 
conclusions, which are in conformity with the 
general laws of physical chemist ry . 

A fixing bath dissolves per unit time a con
stant fraction of the mass of silver bromide 
existing in the coating at the commencement of 
t he interval of time considered. 

The magnitude of this fract ion depends on the 
temperature and on the e ffect ive concentration 
of the bath ; it is independent of the silver 
content of the emulsion, of the quality of the 
gelatine, of its degree of swelling, and even of 
previous hardening of the film ; 3 it is greater for 

1 T he formulae of these salts are respectively 
(H. Baine, . 1929) -

(A) I nsoluble complex hyposulphite: 
AgN aS 20 3 , H 20. 

(B) Solu ble complex hyposulphite: 
Ag,Na,(S20,) " 2H,O. 

Solutions of complex hyposulphites may be cau sed 
to d ep osit the complex salt (B) (e.g. by the addition 
o f a lcohol), wh ilst solutions saturated with silver 
deposi t spontaneously the insolu ble salt (/\ ) . 

2 The soluble com plex salt is decomposed in a pure 
aqueo us soluti on if its concentration corresponds t o 
m orc than 3"24 p er cent o f metaHic sil ver: the g reat er 
its concentration t he greater the excess of hyposu lphite 
of soda required to render it stablc (E . H.ommier, 19 29). 

3 T he d uration of fi xat ion is not m odified by previous 

silver chl oride than for the bromide, and for 
the bromide than for the iodide ; for t he same 
silver salt it is greater if the emulsion is one 
consisting of fine grains. 

The disappearance of the milky layer of silve r 
bromide does not indicate that the solution of 
th is substance is complete, but only th a t the 
opalescent layer is so much reduced as to be 
in vi sible; at this instant there may be still more 
t han 5 per cent of the original sil ve r ha lid e 
undissolved. 1 

In t he same way that the best time of deve lop
ment m ay be determined by multiply ing by a 
suitable factor the t ime taken for the first details 
o f the image to appear (§ 384), so, by multiplying 
the time of disappearance of the silver bromide 
by a factor, the time necessary to give satis
factory fixation may be calculated. The best 
margin of safety is obtained, when single-bath 
fixation is employed , by keeping the negative 
in the fixing solu t ion after the apparent di s
appearance of the sil ver bromide for a time 
equal to that taken for t he mil ky appearance 
to disappear. 2 

The curves in Fig. 172, taken from the experi
ments of Warwick, show, for a surface of I sq . 
dm. of negative emulsion of average coating 
weigh t, the quantities of silver bromide (ex
pressed in weights of metallic silver) t o be dis
solved and already dissolved at the various 
stages of fixin g in a 20 per cen t solution of 
hyposulphite of soda at 65 ° F. The curves 
shown as heavy lines refer to an undeveloped 
pla te; the fmer lines refer to a developed plate. 
A study of the curves shows the grad ual progress 
of fixation. 

402, Additions to Fixing Baths, At the in stant 
of plunging negatives or prints into the fixing 
hardening of the gelatine by means o f a lum; on the 
co ntrary, it is appreciably in c r~ased by treatment wi t h 
formaline (W. Clark, 1929) . 

1 Some very ingeniolls expcrirncnts by E. n. Dullock 
(1922) a ppear to show that when fixing emulsions 
consisting of silver iodo-bromide, the s il ver brom id e 
is a lmost t otally dissolved when the solution of the 
io:::lide is beginning, 

2 If, for ex ample, at the time o f disappearan ce of 
the visible silver 'bromide 95 per cen t of this salt h as 
been dissolved, keeping the negative in the bath fo r 
another p eriod equal to the fi rst will allow of the solu
tion of 95 per cent of t he res idual silver bromide, which 
is no more than .5 per cent of th e o rig inClI am oun t 
present. T hus 95 + 4'75 (= 9<) '75) p er cent will b e 
dissolvc...l; the rcsid ue , amou n ting to no more than 
0 ' 25 p er cent of the or igin a l quantity of s ilver brom ide, 
will be partially dissolved in the first o f th e washing 
water since the latter soon takes up a sufficient quantity 
o f hyposulphite of soda to b ehave as a supplemcntary 
fixing bath. 

• 
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bath, the gelatine (and in the case of papers 
the base also), in spite of intermediate rinsing, 
is impregnated with the developing solution , 
especia lly in the deeper layers of the fi lm . There 
is thus danger of development continuing in 
irregularly - distributed zones. Further, the 
accumulat ion of these substances in the fixing 
bath as more and more negatives are trea ted 
tends to produce troubles such as dichroic fog 
(§ 433) or general coloration of the gelatine by 
the oxidation products of the developer. Lastly, 
under these cond itions, the fixing bath would 
become slightly alkaline, and it is in such alka
line media that maximum swelling of gelatine 
occurs, so that it becomes very tender and tends 
to reticulate (§ 434). These difficulties may be 
avoided by acidifying the fixing bath to a slight 
extent by the addition of bisulphite of soda 
(J. M. Eder, 1889) , or of acet ic acid in presence 
of sulphite of soda, 1 (A. Lainer, 1889) or of boric 
acid (H . Reeb, 1906 ; J. 1. Crabt ree, 1933)2 

When the t emperature of the bath or of the 
wash wa ter, or of the air in wh ich drying is to 
be done, rises above 68° F., it is advisable t o 
harden the gelatine. From every poin t of view 
it is bes t in such cases to combine this operation 
with that of fixat ion by adding an alum to the 
fixin g bath. 3 It remains, therefore, t o decide 

1 Sheppa rd . Elliot and Sweet (1923) showed t hat 
whenever consideratio ns of cost do not proh ibit the 
use of acetic acid , t he m ixture of this acid with su lphite 
is m uch the hest; in presence of th e acetate of soda 
so formed the free acidity corresponds on ly with a 
fraction o f the total available acidity, th e d ifference 
forming a reserve of acidity. 

2 An objection sometimes made to the usc of acid 
baths is tha t the exhaustion of the solution is masked , 
and that thus there is a risk tha t the bath mav be used 

• 
beyond its power, the permanence of the images not 
being ensured . A neutral bath soon beg ins to beco me 
discoloured by the oxi dation products o f the developer 
and to throw down a brown sludge o f si lver sulphide 
and reduced s il ver, changes which suggest the necessity 
of replacing the old bath by a new one within a reason
able time. 

3 Gelatine may b e hardened by solutio ns of fo rma
line (formaldehyd e), b ut, whilst cases of slow a ltera
tion, physical or mechanical, arc rare with alum
hardened gelatines, several have occurred in which 
formaline- treated gelat in es have beco me brittle or even 
powdery. Thus it is advisable, ex cept for negatives or 
prints wh ich are of merely passing interest, a lways to 
avoid the use of formal in e or its derivatives (triox y
methylenc, etc.). F ormali ne is mu ch more effective in 
a solutio n rcndered alkaline (am moni a must no t be 
used) th an in a neutral or aci ti solution, and may, 
therefore, then be used at a greater dilution; rinse in 
water after each immersion in formali ne. I t may be 
added that formaline is very irritating to the eyes and 
the lungs, has a very unpleasant smell, and causes an 
objecti onable harden ing of the skin . Very many other 

r8-(T·s630) 

which of the two available alums, ordinary alum 
(white) or chrome alum (violet), is preferable. 
Taking into account only hardening effici ency, 
choice should be made of chrome alum, and this 
is, in fact, a lways used in very hot climates; 
its price is, however, considerably greater than 
that of ordinary alum, and also certain printing 
papers when treated with chrome alum retain
even after washing a very slight green tint. 

After treatment with alum, th e tendency of 
gelatine to swell is greatly red uced, and its 
melting point is very considerably raised, some
times to a temperature above 158° F. 

In a warm and moist atmosphere spontaneous 
drying is generally slower than the growth of 
liquefying bacteria . Gelatine which has been 
suitably treated with alum will resist even the 
heat of direct sunshine, and drying can then be 
suffi ciently rapid to prevent local liquefaction 
(L. J. Bunel, 1924). 

403. The Chemistry of Fixation in Presence 
of Alum. The reactions of ordin ary alum 

75 

4 8 10 IZ 14 
Time Fixing (Minutes ) 

F IG. 1 72. S TAGE S OF FIXI NG 

(Warwick) 

(double sulph ate of aluminium and potassium 1) 
substances with an aldehyde character (hydroxy
a ldehydes, dialdehydes, et c.) can be employed for 
hardeni ng gelatine. 

1 Ordinary a lum AI, (SO' )3' K 250" 24H ,O. occurs in 
large crystals or, tllore co mmonly , as a whit.e powd er 
obtain ed by crushing t he crystals. The solubility in 
water is about 9 per cent at 50° F. , 13 per cent at 68° F ., 
a nd 30 per cent at 1 040 F. The salt and its solu tions 
are stable. The active su bstan ce in it is th e al uminium 
sulphate whi ch may, in fact, be used in place of it in 
proportion of two parts of aluminium sulphate to three 
of alum . The do uble s ulphate of alum inium and 
ammonium , also known as alu m , is available s ince 
some years. The appearance, solubility, and hardening 
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with hyposulphite of soda have been studied 
very completely by Seyewetz and Chicandard 
(1895); the reactions are a lmost the same with 
chrome alum (double sulphate of chromium and 
potassium). 1 

On prolonged boiling, hyposulphite and alum 
are mutually and completely decomposed; 
sulphur and alumina are precipitated, sulphur 
dioxide is libera ted, and sulphate of soda is 
formed in solution. 

In the cold the reaction is different ; hypo
sulphite of a luminium tends to be formed. This 
substance is very unstable, and breaks down 
into aluminium sulphate and sulphuretted 
hydrogen. The latter, by reacting with excess 
of hyposulphite of soda, slowly y ields bisulphite 
and hyd rosulph ide of soda with precipita tion 
of sulphur . The sulphate of aluminium being 
regenerated, t he same reaction is repeated, but 
always slowly , because of the protective action 
of the bisulphite of soda, which is formed and 
which is only very slowly converted into 
thionates. 2 

These reactions may be prevented or, at least, 
very much retarded, by the addition of sulphite 
or bisulphite of soda (Seyewetz and Chicandard), 
or of acetate or cit rate of soda (P . Mercier, 1894). 

Hardening by alums is favoured by neutral 
or alkaline condition, but when a mixture of 
ordinary alum and hyposulphite of soda is 
stabilized by sulphite , acid must be added, 
otherwise a white precipitate of aluminium 
sulphite will be deposited. This deposit ion of 
aluminium sulphite would occur, especially 
within the gelatine, on accoun t of the alkali of 

properties o f this salt are the same as for common 
alum; the on ly inconvenience attendi ng its use in 
fixing baths is that if the solutio n becomes slightly 
alkaline a little ammonia is set free, and this tends to 
cause dichroic fog . 

1 Chrome a lum, Cr ,(SO,)" 1(,SO .• , 24H,O, usua ll y 
occurs in large dark v iolet c rystals o f satisfactory 
purity. 'The substance itself a nd its sol utions are very 
stable ; at the m ost the crystals lose a little wa t er from 
the surface, becoming covered w ith a grey powdery 
layer. Its solution, when prepared cold, is grey ish
violet, becoming green when war med . This change o f 
colour accompanies a modification in the internal 
structu re of the sa lt, bu t t his leads t o no appreciable 
alteration in its hard ening power. Chro me alum is more 
soluble than co mmon alum, especially on warming 
the lnixture so that the change to green occurs; the 
solubility then becomes more than 50 per cent at 68° F. 
For so me years chro me alum itself has oft en been 
replaced by the do uble sulphate of chrom ium and 
ammonium , t he properties of which are very s imilar. 

2 The acceleratio n of these reac tions on warming the 
mixture is made use of for t he sulph ide toning of prints 
on development papers (§ 590). 

the developer carried over with the negative, 
and this precipitate would be very difficult to 
remove. 

For the different reasons given in the p reced
ing paragraph and above, a n alum fixing bath 
must be acid to a sufficient extent to prevent 
precipitation of aluminium sulphate, even after 
a comparatively large quantity of developing 
solution has been added to it. It must , however, 
not be so acid as t o decompose the hyposulphi te 
of soda. 

Hardening by alum is considerably reduced 
by the act ion of oxalic, tartaric, or citric acids, 
or of their salts, especially at high concen tra
tions. 1 Acet ic, formic , and analogous acids and 
their salts are free from this drawback. 

404. Fixing Capacity of Hyposulphite for 
Silver Halides. Hyposulphite of soda does not 
dissolve with equal facility the differen t silver 
salts occurring in an emulsion. Moreover, the 
power of the same weight of hyposulphi te to 
dissolve the same silver salt increases as its 
concentration is raised. The following values 
correspond with saturation of the hyposulphite 
after long mechanical agitation, gelatine being 
absen t (Richa rds and Burnells Faber, 1889)-

Weigh t of halide d issolved per li tre 
Concentration of '---cc--:-c---=~·:----:-,:--·-c--.,.~, 
H yposulph ite Silver c hloride Silver bromide Sliver iod ide 

ro% 
20% 
50% 

4 [ grrn . 
9 r grrn. 

37 grill. 
78 gnn. 

2 13 grIn. 

3 grrn . 
ro grm. 

Under normal conditions of photographic 
practice the dissolving power of hyposulph ite 
of soda is considerably less. 

Almost all modern negative emulsions contai n 
silver iodide, which is present also in some 
positive emul sions (notably in positi ve cinema
tograph emulsions) . This iodide tends t o lower 
considerably t he fixing power of hyposulphite. 
The inactivity of hyposulphite towards silver 
iodide explains the slow fixa tion of certain very 
sensit ive emulsions, and especially a nti -halation 
plates having a substratum of sil ver iodide. 

It must also be remembered tha t every plate , 
film, or print introduced into the fixing bath, 
brings with it a cer tain amount of water and 
takes away with it an approximately eq ual 
amount of the fixing solution , when it is trans
ferred to the washing tank. Th us the bath is 
gradually dilu ted, and at t he same time the 
total amount of available hyposulphi te decreases 
much more rapidly than it would do merely 

1 Alum-hardened gelatine may even be de-tanned 
by immersion for some t ime in a 5 per cent sol ution 
of citric acid (Proctor & ' Vilson, 19 (6). 

• 

• 

• 
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We ight of silve r bromide d issolved Average number of 
negatives(9 X 12 em.) 
fixed by 1 ,000 C.C. of 
ba th without subse-

• • • 
In 100 C.C. o f the bath. Concent ration of 

hyposulphite 
(pure solutions) 

.~-------~~.-----~. 
at saturat ion wi thout subsequent 

s t a in 

B y I grm. or 
h yposulph ite 
w ithou t s ta in quen t sta in 

5% 
15% 
45% 

2'0 grm. 
6 '3 gri n. 

20' S grm. 

I 'zsgrm. 
3'8 grm. 
S grm. 

0'250 grm. 
0'253 grm. 
O "ltI grm. 

33 
'00 

' 33 

Weight of silver bromide di :;solvcd Average n umber of 
nega tives (9 X 12 em .) 
fixed by 1 ,000 C.C. of 
ba th wi thout subse-

• • • 
1n loa c.c. of the bath 

• • • 
15% solution 

of h yposulphite 
with addition of: at saluration without subsequen t 

s tain 

By ! grm. of 
hyposul phite 
without s tain quent s ta in 

1'5% liquid bisulphile 
1'5% liquid bisulphite f 

and 

6, I grill. l'6s 'grm. 0' 110 grm. 45 

5"9 grm. 2'20 grm. 60 
0'5% chromc alum 

on account of the reaction of hyposulphite of 
soda with the silver salts. 

By putting more and more negatives or prints 
into a fixing bath in an attempt to saturate the 
solution with silver salts, the disappearance of 
the silver salts would be rendered very slow, 
and the last samples to be fixed in a reasonable 
time would certainly become yellowish after some 
days, due to silver sulphide, formed from the 
insoluble complex hyposulphite and occurring 
fairl y uniformly throughout the gelatine layer. 

The first determinations in this field having 
an immedia te practical bearing on photography 
were those of Lumiere and Seyewetz (1907) . 
These authors did not confine themselves to the 
determination of the maximum solubilities of 
silver bromide in pure hyposulphite, hyposul
phite with bisulphite, with and without chrome 
alum; they also determined the silver content at 
which any of these baths must be considered as 
unsuitable for further use, at least when fixation 
is carried out in a single bath. 

The above tables summarize the results
These results show that with single-bath 

fixation the efficiency of action of the hyposul
phite decreases as its concentration increases, 
and is st i II further depressed by acidification of 
the bath, especially in t he absence of alum. 

It is somewhat curious that, in spite of the 
fact that silver chloride is more soluble than 
the bromide in hyposulphite of soda, the prac
tical limit of fixation is more rapidly reached 
in the case of the chloride; solutions of hypo
sulphite saturated with silver chloride more easily 
deposit the insoluble complex hyposulphite. 

405. Speed of Fixation Various Factors. The 
influence of the concentration of the bath and 
its temperat ure on the rate of fixation has been 
very carefully inves tigated by Welborne Piper 1 

1 The experim ents of this au thor co mpa ring the 
hy posulpll ites of soda, potash. ammonia . and lime 
showed that for each h yposulphite fixa tion is most 

(1912- 1914); the two graphs (Figs. 173 and 
174) show, for a given emulsion, the nature of 
the variations which occur when the first phase 
of fixation (disappearance of the milky film of 
halide) in pure sodium hyposulphite is considered. 

It is seen that whatever the concentration of 
the fixer, the process is most rapid at the higher 
temperatures, and the greatest speed is always 
obtained at a concentration of 40 per cent. At 
higher concentrations fixation becomes slower 
as the concentration rises, on account of the 
increased difficulty with which these solutions 
diffuse into the gelatine. 

The rate of fixation is reduced as the bath 
becomes charged with more silver ; the following 
table (P. Strauss, 1925) shows the influence of 
sil ver salts on the t ime of disappearance of 
silver bromide in a 25 per cent solution of 
hyposulphite-

Silver salt dissolved p er 
1 00 C.C. of bath 

a 
1 grm, 
2 .. 
4 .. 
6 .. 

Silver 
bromide 

73 secs . 
9 2 .. 

1 0 1 .. 
121 .. 
239 .. 

Silver 
chloride 

73 secs. 
9 2 .. 
94 .. 

112 .. 
204 .. 

Silver chloride retards fixation less than an 
equal weight of the bromide, despite the fact 

rapid at a certain concentration . F or t he hyposulphites 
of soda and ammonia, the optimum concentrations arc 
respectively 40 per cent and 15 p er cent ; the duration 
of fixa tion is the same for both at a concentration of 
33 per cent; a t lower concentrations than this the soda 
salt acts more slowly, but more rap idly a t higher 
concentrations . For example, at 20 p er cent concen
trati on the ammonia salt fixes five times more quickly 
than the socIa salt. The hyposu lphite of amm onia is 
not obtainable commercially, and thus cannot be used 
practically. vVe sha ll see that equivalent mixtures 
may be made, the use of which , however, is not always 
to be recommended, 
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that the chloride contains 75 per cent of silver 
and the bromide only 57 per cent. From this 
it is evident that the exhaust ion of the bath, 

ammonium chloride to a solution of hyposulphite 
allows it to dissolve m ore silver iodide. 

The accompanying graph (Fig. I75) sum

~ U)' 

~ 
1-+--+-++-+--+- --t--f-+370~ 

marizes the observations of 
Welborne-Piper (I9I4) on 
this subject. It is seen that 
for each concentration of 

- ~ 
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~ 
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hyposulphite there is an 
optimum concentration of 
ammonium chloride. This 
opt imum becomes smaller 
as the concentration of 
hyposulphite is increased . 

The acceleration of fixa
tion by the addition of 
ammonium salts is, h ow
ever, counterbalanced by a 
disadvantage (Lumiere and 
Seyewetz, I908) . The com-

109 ZO" 30" 40" 50" 
a 

Temperature in "C. of fixer 
0'0 20 30 4{) 50 60 

I'ercentage of hypo in fixer 

plex hyposulph ites of silver 
and ammonia formed under 

70% h . t ese circumstances are 

FIG. 1 73 . VARIATIO N OF F I XI NG 

ACTION WIT H TEMPERATURE 

(Piper) 

FIG . ' 74 . 
ACTIO N 

V ARIATION O F FIX I N G 

W ITH S TI{ENGTH OF 

Hypo BATH 

much less stable than the 
complex hyposulphites of 
sodium and silver; the 
practical limit of use is only 
about half, and the ri sks of 

caused by the formation of silver hyposulphite, 
is not the only factor to be considered, but that 
the rate of fixation must be influenced by other 
salts arising from the reactions occurring . As 
a m atter of fact, the addition of sodium bromide 
to the bath retards fixation, whilst sodium 
chloride accelerates it. 

By reason of the very small solubi lity of silver 
iodide, the presence of a very little iodide in a 
solution of hyposulphite is sufJ1cient to retard 
fixati on considerably; the following table shows 
the retarding influence of this salt on a 25 per 
cent solution of h yposulphite-
Potassium iod ide in 1 00 C.C. o f 

the bath . .. 0'00 

Time affixation .. 73 
0'02 

9 1 

0'08 

147 
0'32 grm . 
558 sec. 

Sulphate of soda slightly retards fixation, and 
all the sa lt s of the heavy m etals (copper, lead, 
etc.) behave in the same way . The nitrates of 
soda or potash accelerate fixation when present 
in small quantities , but at concentrations of 
4 per cent or above they retard it. The salts of 
ammonia, particula rly the chloride (amm onium 
chloride, or sal ammoniac), have a very strong 
accelerating action, which is, h owever, n ot so 
great with emulsions containing silver iodide 
(Agfa, I906; Lumiere and Seyewetz, I908 and 
I924), in spite of the fact that the addition of 

(P iper) 

discoloration of the image are increased . This 
accelera tion , alth ough advantageous in cases of 
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extreme urgency, has no practical application in 
ordinary practice, particularly when negatives 
are to be kept. 
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406. Fixation in Two Successive Baths. In all 
industrial operations involving the extraction of 
a substance by a solvent, the mass to be treated 
is at first ext racted with solvent already almost 
saturated in previous opera tions, fresh solvent 
being only used to extract from material which 
is almost exhausted. Often, indeed, the process 
is made continnous by causing the solvent to 
circulate in the opposite direction to that of the 
material to be treated. This method of system
atic extraction, which allows a solvent to be 
used most efficiently, may be applied with 
advantage to photographic fi xation; it permits 
of making the most of a solution of hyposulphite 
whilst giving perfect fixation and permanence 
of the images. Furthermore, it has the advan
tage that the residual silver salts are left at 
higher concentration, and therefore may be 
recovered more economically, such recovery 
being always carried out m ore easily when the 
substances are in concentrated solution. 

In 1894 A. Miethe, on the basis of the experi
mental results of Haddon and Grundy, recom
mended fixation in two successive baths, 
separated by a brief rinsing . Under these 
conditions the first bath may be used well 
beyond the normal limit possible when fixation 
is carried out by the single-bath method. In 
fact , this bath will not be discarded until the 
first phase of fixation, indicated by the dis
appearance of the milky layer of silver halides, 
occupies an abnormally long time. It is true 
a port ion of the silver will remain in the form of 
the insoluble hyposulphite, but during the 
second stage of fixation, carried out in a solution 
of hyposulphite which is almost fresh, the 
complete solution of the silver salts will be 
effected. Negat ives treated by this process will 
be fixed as well as if a fresh bath of hyposulphite 
had been used from the start. 

Since the negatives reach the second bath 
almost completely fixed , there is little more to 
be done, and thus the practical limit of safety 
is not attained . When the first bath has to be 
abandoned, the second is made the first and is 
itself replaced by a new one. 

Negatives are taken from the first bath when 
there appears t o be no more silver bromide to 
dissolve ; they a re then placed in the second 
bath and allowed to remain for about the same 
time as in the first bath. 

407. Choice of the Best Concentration of Fixer. 
The amateur, having to develop only one or two 
negatives, and not wish ing t o keep the bath for 
subsequent use, will preferably use a fairly 

dilute bath, for example, IS per cent hyposul
phite (= 3 oz. in 2 0 oz. of water). 

The professional or commercial worker , work
ing almost cont inuously and using the two-bath 
method, will be well-advised to use much more 
concentrated solutions, which may be almost 
completely exhausted. 

If speed of fixation only be considered, it 
would appear best to use a 40 per cent solution 
(§ 405), but other factors lead to the use of a less 
concentrated bath. 

For one thing, the sudden change of concen
tration on passing from a too concentrated 
fixing solution to the washing water, especially 
if the water is comparatively warm, may cause 
frilling or reticulation with plates and film s, 
or blisters with papers. For another, if white 
light falls on the sensitive coatings during fixa
tion, and if the concentration of the fixer be 
more than 30 per cent, there may occur in the 
film a slight insoluble residue which will not 
disappear, however long the negative or print 
be left in the fixing bath; at concentrat ions 
above 50 per cent, this insoluble residue may 
form even in the dark (Welborne-Piper). 

For these different reasons fixing baths are 
usually employed at concentrations between 
20 per cent and 30 per cent , i.e. 4 oz. (200 gnn.) 
to 6 oz. (300 grm. ) of crystallized hyposulphite 
of soda per 20 oz. (1,00 0 c.c.) of ba th. 

408. Tests for Exhausted Fixer. When fixation 
is carried out by the single-bath method it is 
obviously only possible to calculate the area of 
sensit ive material which has been fixed by a 
given volume of the bath. This calculation is, 
however, not likely to be of any value, unless data 
are available concerning the amount of silver in 
the emulsions used and the volume of the 
solution removed by the plates, etc., already 
fixed. 

It is sometimes considered that a fixin g bath 
has reached its limit of safety when the time of 
fixation of a given emulsion becomes double 
that required with a fresh bath at the same 
temperature. 1 As a matter of fact, this method 
of testing results in carrying the use of a fix
ing bath considerably beyond reasonable limits, 
and would be more sui table for deciding the 
exhaustion point of the first bath in the case 
of two-stage fixation. 

More accurate indication is obtained by em
ploying a method of direct control suggested 

1 T his test may be carried out on small portio ns o f 
old film , which may so metimes be bought at a reduced 
pnce. 
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by Gaedicke in 1906, and recommended by 
Lumiere and Seyewetz as being satisfactory. 
A fixing bath should be considered as exhausted 
(as a single bath or as the second bath in the 
two-stage method) when a drop of it, placed on 
blotting or filter paper, turns brown on exposure 
for some time t o moist air and sunlight. 

Lastly, a more direct method (Bayer, 1921) 
is to withdraw zt oz. (roo c.c.) of the bath and 
to add to this quantity of solution t oz. (10 c.c.) 
of a 4 per cent solution of potassium iodide; the 
bath may be considered as exhausted, so far 
as the single-solution method is concerned, when 
a permanent yellow precipitate is formed. 

409. Preparation of Fixing Baths. Workers 
cannot be too strongly recommended to mix 
correctly the substances used in the preparation 
of fixing baths. 1 These solutions are sufficiently 
stable to allow of being prepared beforehand in 
fairly large quantities. In order to reduce the 
bulk due to large quantities of stock solution it 
is a simple matter to prepare the actual baths 
when needed for use from more concentrated 
solutions. 2 

Neutral Fixer. A solution of hyposulphite with
out any addition is used-

Hyposulphite of soda, cryst a ls 
A 

\Vater, to m a ke • • 

3 to 6 oz. 
(150 to 300 gnn.) 

. 20 oz . 
(1,000 c. c .) 

This solution may be prepared when required 
for use by dil u ting a stock solution of 50 per 
cent or 60 per cent of hyposulphite of soda. 

When the solution is prepared in the same 
vessel in which it is to be used, the hyposulphite 
is placed in a muslin bag hung over the vessel 
or attached t o one side. The hyposulphite is 
sprinkled with a little tepid water in order to 
hasten its solution and to compensate for the 
lowering of temperature; the volume is then 
made up to the desired amount with cold 
water. 

1 We have seen (§ 405 ) that a very cold or very 
concentrated solution fixes very slowly, and also that 
a newly prepared solution of hyposulphite is very 
cold (§ 399) ; it is therefore not surpris ing that a fixin g 
bath prepared j us t b efore it is needed by throwing 
hapha zard, and often liberally, some handfuls of 
hypos ulphite into a dish of water, does n ot fix. If, 
w eary with waiting for fixa tion to be co mpleted, one 
throws the negative into a d ish of water fixation will 
be very r apid, but in the absence of excess of hypo
sulphite it will not b e complete . 

2 The prese nce of particles of rust in the water u sed 
for preparing solu t ions (water distributed in iron 
pipes) , or in the hyposulphite (s tored in sheet iron 
containers), may cause solution of the s ilver in the 

Stock solutions may be made up with cold 
water when there is no particular hurry. 

A cid Fixers. Any of the following formulae 
may be employed-

r Hyposulphite of soda , crys tals 
, 

B Soda bisulphite lye 1 • • 

Water, t o make • • • 

r Hyposulphite of soda, crystals 

C Boric acid, cryst.. . 

Water, to make • • 

[-I yjJosulphite of soda, cryst. 

D 
Acetic acid, glacial 2 • 

Water, to make • • 

• 

• 

• 

• 

4to60z. 
(2 0 0 to 300 grm.) 

1 oz . 
(50 c.c.) 

20 oz . 
(r ,ooo c.c.) 

4 to 6 oz. 
(200 t o 3 0 0 grrn.) 

' 75 to 263 grs. 
(zo to 3 0 grm.) 

20 o Z. 
(I,OOO c.c.) 

4 t o 6 oz . 
(200 t o 300 grm.) 

45 gr. 
(s grin.) 

50 mm. 
(s c.c.) 

20 oz. 
(1,000 c.c .) 

In preparing solution (B), if the solution of 
the hyposulphite has been made with warm 
water it must be allowed t o cool before adding 
the bisulphite. 

In the case of solution (C), the boric acid 
should be dissolved separately in about half the 
quantity of water, which has been previously 
warmed. This solution must not be added to 
the solution of hyposulphite until it has almost 
completely cooled. 

In preparing solution (D), the sulphite of 
soda should be dissolved in about 3i oz. (roo c.c. ) 
of cold water, and the acetic acid should be 
diluted about five times. The diluted acid is 
then slowly added with constant stirring to the 
solution of sulphite. This mixture is finally 
added in small quantities at a time to the cold 
solution of hyposulphite. 

Alum Fixers. 3 It must suffice to mention two 

image at t h e p oint s where these p a rticles settle, the 
oxide o f iron being slowly converted into ferr ic bromide 
b y contact with t he bromide dissolved in a partly-used 
fixing bath. (W. 17. A . Ermen, 1923 .) 

1 See § 364 fo r the equivalence between soda bisul
phite lye and dry potassium metabisulphite. 

2 Acetic ac id may b e ob tained commercially a s 99 
p er cent (called glacial acetic acid becau se it freezes 
at about 60° F. ) or a s 40 per cent acid (8° Baume). I n 
con centrated solutions acetic acid is violently caustic , 
and must not b e all owed t o touch th e sk in . 

:t The great er the qua nti ty of sulph ite present in the 
bath, the less is the resultant hardening of the gela tine 
in an alum fixer , so that negat ives developed in a 
bath which is rich in su lphite sh ou ld be rin sed prior t o 
introduction into a ha rde ning fixer, and then moved 
about continuously in the fi xer when they are fi r st 
in1mersed. 
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formulae in which chrome alum and ordinary 
alum respectively are used-

H ypos ulphitc of soda, cryst. 

E Soda bisulphite lye . • 

Chro m e alum • • • 

l \Vater , to make • • 

f-I yposulphite o f soda . cr yst. • 

F H a rd ening so lutio n as below • 

l \·Vater , to make. . • 

Common alum • • 

Acetic acid , g lacia l 

4 t o 6 oz. 
(200 t o 300 grm.) 

rtor!oz. 
(so to 75 c.e.) 

<)0 to 1 30 gr. 
(10 to I S grIn .) 

20 OZ . 
(r ,ooo c.c.) 

5 t o 6 oz. 
(250 to 300 grm.) 

I oz. 
(50 c.c. ) 

20 oz. 
L (I ,OOO:C.c.) 

· 2t oz. 60gr. 
( 120 g rm. ) 

· 2 oz. H a rdening 

Solu t io n 
( 100 c. c.) 

Sulphite of soda , a nhydro us . 525 grs . 

Water , t o make . • 

(60 grm.) 
· 20 oz. 

(1.000 c.c.) 

For the preparation of solution (E) the 
chrome a lum may be dissolved in about 3! oz. 
(1 00 c.c.) of hot water; after cooling, this solu
tion is added to the bisulphite, previously 
diluted with an equal volume of water; the 
mixture is then poured into the solution of 
hyposulphite. 

In order to make up the hardening solution 
employed in the preparati on of solution (F) , 
the alum and the sulphite a re dissolved separ
ately, the alum in about 12 oz. (600 c.c.) and 
the sulphite in about 4 oz. (2 00 c.c.) of warm 
water; the acid is poured into the alum solution 
and well shaken, and lastly the solution of sul
phite is added a nd the total volume made up 
to 20 oz. (1,000 c.c.) with water. 1 

The hyposulphite solution and the hardening 
solution should be cold before they are mixed. 

At temperatures above 68° F. , alum fixers 
tend to decompose spontaneously with deposi
tion of sulphur; such mixtures are therelore only 
made up in such quantities as are needed for 
immediate use. 2 

In trade practice it is advantageous during 
the repeated use of a hardening fixer, to com
pensate for the additions of alkali (developer 
impregnating the emulsion) by carrying out 
peri odically re-acidification by adding diluted 

1 (f the a lum and sulphite arc mixed in the absence 
o f t he ac id a white preci pitate o f a luminium s ulphite 
is fo r med: this precipitat e is ver y difficult to redisso lve. 

2 The rela tive st ability of the variou s baths can be 
ascertained by accelera ting th e ir decomposit ion by 
means of heat. It may be taken for g ra nted that a 
bath that d eposits sulphur only a fter 3 d ays heatin rr at 
11 3° F. ",ill not be decomposed a t 68° F. except after 
a month (J. 1. Crab tree a nd H. A. Hartt, 1929) . 

acids (sulphuric acid for chrome alum; acetic 
acid for ordinary alum). The technique has 
been descnbed by J. 1. Crabtree and his col
laborators (1 929- I930) . 

4IO. Fixation in Practice, Inasmuch as the 
ill e ffects of faulty working are not immediately 
eVident, fixation and the washing processes 
which precede and follow it are not always 
carned out so carefully as is the case with 
developmen t. 

It is essential to realize th at no visible sign 
shows that fixation is perfect ; a nega tive may be 
qUite clear after fixing and drying and yet may 
not be properly fixed; it may not have been 
allowed to remain long enough in the fixer, or 
the fixing bath itself may have been exhausted. 
Images (negat ives or positive prints) which are 
required to be kept for a long time must be 
fixed in a manner which conforms minutely to 
the following directions; these direc t ions are 
much less important in the case of images which 
have merely passing interest . 

4I1. The negatives, after being rinsed free 
of developer (§ 375), are placed in one of the 
fixi~g baths already I?rescribed, generally an 
aCid fixll1g bath, or , 111 warm weather, in a 
fixing-hardening bath compounded with alum. 

Non-actinic light should be used, at any rate 
when putting plates in the fixer ; in the case of 
neutral fixing solutions, negatives should be 
allowed to remain in the bath for at least three 
minutes before being exposed to white light ; 
this period may, if necessary, be reduced to 
one minute in the case of acid fixing baths. 

On account of the injurious act ion of the 
least trace of hyposulphite on certain developers, 
the various dishes employed must be so arranged 
that no splashes or drops of hyposulphite can 
fall into the developer. 1 The fingers should be 
rinsed in water after every time they have come 
into contact with hypo. 

Fixation being generally slower than develop
ment, it is advisable, in the case of continuous 
working, to provide larger dishes or tanks for 
this purpose than for development. For exam
ple, when working with dishes, one would use for 

1 It will be found best t o a rra n ge dishes in the o rder 
in wl~ich th~y a re t o b e used, t hose co ntaining fixing 
solu tions b Clllg placed at a lower level than those in 
which d evelopmcn t is carr ied ou t . No drops of hypo~ 
s ulphite so lution mu st b e a llowed t o fall on the fl oor , 
etc. ; on dryin g , t h ese w oul d give rise t o du s t of a. very 
harmful natu re towards negatives subseq uen t ly handled 
in t he roo m . F or the same reason those negatives 
which in course of treatm ent a re found to b e useless 
sho uld be at leas t rinsed before b eing thrown away . 
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fixation those of a size capable of taking two 
or four of the negatives under treatment. 

During fixat ion, negatives must be well 
covered by the solution. 

After some minutes in the fixing bath, an 
examination of the back of t he negative shows 
that the milky coating of the silver halides under 
the developed image is beginning to dissolve, 
the disappearance of the milkiness occurring as 
a rule more quickly under the denser parts of 
the image where least silver bromide remains. 

From the time when the last traces of milki
ness have d isappeared the negatives are kept 
in the ba th for a time equal to that already 
taken, or, preferably, when two-bath fixation 
(§ 406) is employed, they are transferred to 
the fresh bath and allowed to rem ain there for 
an equal time. When fixation is complete, 
negatives are washed. 

If fixation is effected by the single-bath 
method, the solution must be frequently renewed 
so as not to pass the safety limit. In case o f 
doubt, any of the test s described earlier (§ 408) 
may be used . 

In large commercial establishments periodical 
re-acidificat ion of the fixing baths is necessary. 1 

The control of the exhaustion can sometimes be 
effected automatically by measuring the amount 
of sensitive m aterial treated (especially with 
cinematograph film s) or by the application of 
empirical rules, which can be worked out on 
the basis of experience. When these methods 
cannot be applied, re-acidifying with acetic acid 
requires the previous determination of the 
residual acidity by t he works chemist or by a 
foreman who has been trained to carry out th is 
simple test. On the other hand, re-acidification 
with bisulphite m ay be done without specia l 
precautions. 

A thin, m etallic-looking fi lm of silver sulphide 
sometimes appears on the surface of partly-used 
fixing solutions which are kept undisturbed for 
some time in open tanks. This is due to the 
reaction of sulphuretted hydrogen on the silver 
hyposulphite dissolved in the ba th . There is th e 

1 In parti cular, fi xi ng solutions containing common 
al um usually become useless through the precipi tat ion 
o f aluminium s ulphite long before the hyposu lphitc is 
exhausted; if , for want o f fe-acid ifying in t ime, sulph ite 
of alu minium begins to prec ipitate, the solution mu st 
be thrown away. 

It is possible , within limi ts, to retard the neutraliza
tion of fixi ng baths by using slightly acidulated water 
for rinsing the negatives be fore fixing. T he liquid llsed 
for this purpose must be renew ed or re-acidifi ed when 
it no longer redd ens a piece o f b lu e li tmus pa per (general 
property of acid s) . 

liability of particles of this film adhering to the 
gelatine of negatives ; it may be rem oved by 
skimming the surface with a piece o f filt er paper 
or a cloth, accord ing to the size o f the tank. 

412. Recovery of Silver from Exhausted 
Fixing Solutions. On the average, about thrcc
quarters of the si lver con tai ned in sensi ti ve 
materials pass into the fixing baths. There is 
from IS to 30 g r. of fine silver per dozen plates 
(7 X 5 in.) and about 60 g r. per hundred shee ts 
of paper o f the same size. Assuming that t he 
necessarily imperfect process o f recovery in a 
small works only permi ts of a y ield of 75 per 
cent of these quantities, one can est imate the 
value of this recovery, allowing for the cos t of 
precipitation (never very high) a nd for the cost 
of extracting the silver by the smelters . 1 

The silve r in fixin g baths is generally precipi
tated in the form of sulphide. Under these 
conditions , and provided that the sil ver is not 
complet ely precipitated, fixing baths m ay be 
used again , at least once, though not indefinitely, 
because the accumulation of soluble bromides 
and particularl y of iodides 2 in the solution con
siderably reta rds fixation in solut ions so 
regenerated. 

The silver m ay also be recovered in the metal
lic state by precipitat ion on plates or scraps of 
zinc , iron, or copper. In this case the silver is 
contaminated with various impuriti es and needs 
to be refined. 

T o the residues thus collected a re added the 
ashes of clippings from prints and fi lms st ripped 
from waste negatives. 

413. When th e silver is precipitated as 
sulphide, the exhausted baths must be stored 
and treated in a yard or shed which is fa r enough 
from dark-rooms, store-rooms, e tc., to avoid any 
risk of sulphuretted hydrogen coming in contact 
wi th sensitive material. 3 

The used fixing baths are th rown in to a barrel 
having wooden hoops' and with the top re-

1 A fixing bath of 25 per cent strength (for negat ives) 
can contain at the most 4'3 8 to 5'25 grain s of si lver per 
flu id oz. ( 1 0 to 1 2 grm . per litre). A f"ixing bath for 
positives of 15 per cent strength (papers) can contain 
2- 1 9 to 2·62 grains per fluid oz. (5 to 6 grill. per litre). 

2 By add ing thallolls sa lts the iodides cou ld be 
elim in ated to the state of in solu ble thallous iodid e 
(. \. Steigmann, 1934 ). 

:\ T he liberation o f s ulphu rettec\ hydrogen may be 
prevented by making the baths al1{aiinc with mi lk 
of li me or caustic socia. 

4 T he hyp osul phitc soaking through the wood 
wou ld rapidly cause metal hoops to rust . Thi s would 
occur even if the hoops w ere varnished , the varnish 
co ming away in scales. 

• 



FIXA nON 28r 

moved. This barrel should be mounted on 
bricks; it must be provided at about a quarter 
of the way from the bottom with a wooden 
outlet or tap, so that the greater part of the 
liquid may be run off, and at the bottom with 
a bung-hole, from which the sludge of silver 
sulphide may be periodically run off. Old 
developing solutions may also be poured into 
the same vessel, since they contain a little silver. 
These solutions will reduce a small quantity of 
the silver in the fixing solutions to the metallic 
state, and they will also tend t o neutralize the 
residual acidity of the fixing baths. When the 
barrel is about three-quarters full, about 700 gr. 
(= It oz. approximately) of sodium mono
sulphide 1 is added for every gallon of liquid t o 
be treated ( IO gnn. of the sulphide for every litre 
of liquid). This sulphide should be previously 
dissolved in a little boiling water. The mixture 
is stirred with a stick and left to settle. The 
next day a little of the clear supernatant liquid 
is taken in a t est tube (if the liquid is turbid it 
must be filtered) and a few drops of a solution 
of sodium monosulphide are added 2 ; if no black 
precipitate forms, the silver has been completely 
precipitated ; if, on the contrary, a black preci
pitate forms, add to the liquid in the barrel 
about half as much of the sodium monosulphide 
as before and repeat this process if necessary 
until all the silver has been precipitated. 3 After 
a final se ttling, the liquid is run off by the tap 

1 See note on §589. 
2 Since the precipitation of silver is complete , pro

vided that the mixture contains excess of sulphide, 
t he complete p recipitation may be t est ed by dipping 
into the liq uid a strip of filter paper lllo ist ened with a 
solution of acetate or nitrate of lead. The blackening 
of the moisten ed part (due to the formation of lead 
sulphide) shows that the amount of sulphide is suffI
cient (J. 1. Crabt ree a nd J. F. R oss, I926). 

3 The following procedure may b e adopted : into each 
of sev eral beakers pour the same known volume of the 
solution to be precipitated, and then to each of them 
add increasing a mounts of the prec ipitating reagent. 
After stirring and allowing to settle, the solutions are 
acidified with a tittle hydrochloric acid and then a few 
drops o f a solution of sod ium monosulphide a re added 
to each. If, for example, no more precipitate fo rm s in 
the beaker con taini ng a quantity of Inonosulphide 
corresponding with 700 gr. per gallon of the solution 
(10 gnn . per li tre), whilst in the beaker in whi ch the 
amo unt of monosulphide corresponds with 560 gr. per 
gallon (8 ·-grm. per litre) an additional precipitate is 
form ed, then if it is desired to recuperate the fixing 
solution, the whole of it will b e treated w ith 560 gr. 
of l1lonosu lphide per gaBon (8 grm. p er litre) or with 
an amoun t slightly less than this . If, on the other 
hand, the whole of the s ilver is to be precipitated , then 
700 gr. (or a httle more) of monosulphide per gaBon 
will be used. 

through a filter-bag of close felt placed so as 
to trap any silver sulphide which might be 
lost. 

After the cask has been emptied in this way 
several times, as successive lots of fixing bath 
are treated, the black sludge is run off through 
the lower bung-hole and is collected in a tray. 
After drying, this mud is stored in a box until a 
sufficient quantity has been collected for sending 
to the smelter. 1 

Pure dry silver sulphide contains 87 per cent 
of its weight of fine silver. On account of 
numerous impurities which accompany it, silver 
sulphide obtained in the manner described works 
out at about 60 per cent if it is precipitated from 
baths free from alum, and at about 40 per cent 
when it is contaminated with alumina or 
chromium hydroxide resulting from the inter
action of sulphide with alums. 

414, To recover the silver from old fixin g 
solutions by another method, a barrel of 5 to 
IO gallons capacity, and equipped as in the 
previous case, may be used. Before starting the 
recovery process, the liquid must be neutralized, 
by means of caustic soda or milk of lime (lime 
first wetted with a little water and then left 
to slake) if it reddens blue litmus paper, or 
with sulphuric acid if it turns red litmus blue; 
at the neutral point practically no change of 
colour takes place with either kind of paper. 
Then the liquid is acidified by adding 350 gr. 
(or a little more than 3t oz. (fluid) ) of ordinary 
sulphuric acid 2 (66 0 Baume) . After stirring, 
about 2 lb. of granulated or scrap zinc for every 
gallon of liquid (zoo gm. per litre) are thrown 
into the barrel; this quantity causes rapid 
precipitation (in about z4 hours, if the mixture 
is stirred from time to time) of silver (partially 
in the form of sulphide), which forms a black 
deposit on the zinc and in the bottom of the 
barrel. 

An appreciable economy of zinc may be 
effected by enclosing the latter in a bag of coarse 
cloth suspended in the liquid. 

On the next day, in order to find whether or 
not the liquid still contains any dissolved silver, 
proceed as follows: In a test-tube take a li t tle 
of the clear, reddish, supernatant liquid, acidify 
wi th a few drops of sulphuric acid, shake (make 
sure that the liquid reddens blue litmus paper), 
and add about one-fifth of its volume of a I O per 

1 The cost of refining is almost the same whatever 
the amount of material treated. 

2 See § 364 (footnote) for the precautions t o be 
observed when handling this acid. 
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cent solution of sodium monosulphide; if no 
black precipitate forms, the silver is completely 
precipi tated (a black precipitate obtained with
out the liquid being acidified has no significance) ; 
if silver s till is present, keep the zinc in contact 
with the liquid for another day. As soon as all 
the silver is deposited , decant the liquid by the 
side opening. 

One charge of zinc suffices for seven or eight 
such recovery processes without any appreciable 
slowing of the action. When the precipitation 
needs from two to three days, it may be acceler
ated by adding about 3 oz. of zinc per gallon of 
liquid (20 grm. per litre). Under these conditions, 

• 

, 

I lb. of zinc allows of the recovery of about 
I lb. of silver. 

From time t o time the black deposit is col
lect ed and dried. 

These various operations should be carried ou t 
in a well-ventilat ed place, as far as is convenient 
from dark-rooms and any sensitive materials. ' 

1 Among other methods for the recovery of the silver, 
we Inention its deposition on porous surfaces that are 
lightly coppered (0. Bernstein, I 935). which operation 
demands no special precautions, and, in factories 
operating large q uantities, electrolytic deposition 
(K. C. D. H ickmann and W. Weyerts, 193 1) which per
mits de-silvered baths to be used again, subj ect to the 
same reservations already stated . 



CHAPTER XXX 

WASHING 

415. The Function of Washing. Washing is for 
the purpose of removing all soluble salts formed 
during fi xat ion and also const ituen ts of the 
fixing bath held by the plates , films, or papers, 
whether as liq ui d absorbed by t he gela tine or 
as liq uid adhering superficially to t he prints or 
nega ti ves. 

According to circumstances, it may be desired 
to carry out t his process either in the minimum 
time or with the smalles t possible amount of 
water. 

If fixa tion is complete, and if, as a resul t, the 
gelatine film contains nothing but the silver 
of the image and soluble saits, the salts are 
readily washed out, provided the washing is 
systematic. If, on the other hand , fixation is 
incomplete, the insoluble salts which remain in 
th e fIlm obviously cannot be eliminated , no 
matte r how long the washing is cont inued . 
It is probably wi th a view t o establi shi ng a 
" mean" between these two experimental fac ts 
that photographers generally state that" hypo
sulphite is strongly retained by gelat ine." This 
is t rue of the insoluble hyposulph ites wh ich 
resul t from bad fi xation, but it is not so for the 
soluble salts, which are the only ones remaining 
afte r complete fixation. 

We wi ll now consider t he mecha nism of 
washing in cha nges of water and in running 
water, and will show tha t , used accord ing to t he 
most usual practice, washing in running wa ter 
is a means of consuming the greatest amount of 
wate r with the smallest effect . We will then 
conside r the conditions which req uire t o be 
ful fi lled in oreler to wash negatives or prints in 
the mus t rational manner. We will then discuss 
the use of hypu-eliminaturs, as a result of which 
it will be seen that there is only one perfect 
eliminator applicable t o all cases, viz. plain 
water. 

I t may be use ful to re-state here an evident 

or films, developed or not, were fixed in baths 
of known strength and then placed successively 
into exactly measured equal quantities of water, 
where they remained , each time, for the same 
period. The quantities of hyposulphite and 
soluble silver in each of these washing waters 
were determined. F inally , after completing the 
washings, the amount of hyposulphite remaining 
in the film was also determined . 

These experiments, and many others (Harl elon 
and Grundy, 1893- 96; Gaedicke, 1897; Lumicre 
and Seyewetz, 1902), established the fact that , 
in accordance with the general law of the 
di ff usion of crystalline substances through 
permeable membranes, the elimin ation of soluble 
hyposulphites by washing with wate r is most 
easy. 1 F ar from requiring in any wayan extrac
tion, the hyposulphites are automatically ex
pelled from the gelatine as long as their concen
tration in the gelatine is not equal to th e 
concent ration in the liquid in which the plate is 
soaked. 2 

As soon as a negat ive, impregnated with any 
salt which does not react with gelatine (as does 
alum, for example), is placed in pure water, the 
salt in the portion of the solution adhering 
superficially t o the negative becomes distributed 
in the water , while the salt absorbed by the 
gelatine diffuses out . a t first ve ry quickly and 
then more and mure slowly, until fin ally the 
concentrations in the gela tine and the water 
,'ire equal. 

If the negative has been placed at the bottom 
of a dish or t ank full of st ill wa ter, the saline 
solution which diffuses out of the negative, and 
which is denser than the water , accumulates 
above the plate ; this solution soon becomes 
equal in concentra tion to t he solu t ion which 
impregnates the gelatine. From this momen t all 
movemen t of salt is arrested , since the uniform 

truth: an object cannot be cleaner , afte r wash ing 1 A lit tle hyposu lphite is retained by the paper that 
and dry ing, t han the water used for washing it. acts as a support of a print o r paper negative, a nd can 

only be elim inated by washing fo r a t in1e considerably 
416. The Mechanism of Washing in Several longer t han t hat necessary for plates or fi lms. 

Changes. T he most complete investiga tions of 2 If a film of gelati ne, impregnatcd with fix ing solu 
washing in successive baths are those which tion of normal concen t ration, is placed in pu re water 
were made by A. V. Elsden and A. W. \Narwick at a t emperature o f about 60° F. the " osmotic p ress ure" 

o f the hy posulphi te, t hat is to say the p ressure wh ich 
(1919). The methods followed by t hese two the salt exerts in leaving t he gelati ne, is considerabl y 
experimenters were almost identical. Plates greater tha n 5 lb. per square inch . 
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di ff usion of the salt through all the layers of the 
liquid in the tank takes a very considerable time. 
If, however, the water is stirred mechanically , 
or if the negat ive is so placed that the 
saline solution can leave it and be replaced by 
pure water, the diffusion proceeds much farther , 
each separate washing having a much greater 
effect. This is the case if the negat ive is sup
ported face downwards in the upper part of the 
tank, or is placed ver tically in the tank with a 
sufficient depth of water below it to a llow for 
the accumulation of the denser solu t ion. 

Wh en a 1 3 X 1 8 cm . (7 X 5 in .) plate is 
removed from a fixing solution it takes with it 
about 5 c.c. (about 80 minims) of solut ion (the 
total of the liquid adhering superficially to the 
plate and the liq uid impregnating the gela tine). 
If the fixing bath contains 20 per cent of hypo 
the plate will have removed I grm. of it from 
the bath. If now the pla te be placed in a dish 
containing 95 c.c. of water, the total volume of 
liquid will be 1 00 c.c. By rocking the dish , 
equilibrium will be at tained between the internal 
a nd external concentrations of hypo, which wi ll 
become I per cent , that is to say, a concent ration 
of one-twentieth the initial concent rat ion. By 
repeating this process, the concent rat ion becomes 
one-twentieth the previous concentra tion, and 
so on-
::\"ulllUc r of washings [ '2 3 4 5 
Concen tra tion % J 0'05 0'0025 0 '000 125 0 '000006 

It can be assumed (K. Hickman and D. A 
Spencer , 1 922) th at a res idual amount of hypo 
equa l to 0·0016 grm. per square decimetre has 
no adverse influence on the permanence of silver 
images. By taking a quantity ten times as small 
(to ensure absolute safety), v iz. 0 ·00016 grm. per 
square decimetre, or 0 .00036 grm. for a 1 3 
X 18 cm. plate, it will be seen that if we regard 
th is quant ity as being distributed in 3 c.c., 
which is about as much as the volume of water 
absorbed by the gelatine, the washing may be 
considered effective as soon as the concentra
tion in the washing water has been reduced to 
0 ·00036 X 1 00! 3 , or about 0 ·01 per cent. This 
stage will be reached a fter a very small number 
of separate wash ings, provided each one is carried 
out to completion in a sufficient volume of waler. 

Equilibrium between the concentrations in 
side a nd outside the gelatine is generally reached 
a fte r 5 minutes' rocking of the dish, but 99 per 
cent of the amount which will diffuse from the 
gela tine has usually come out in about 2 minutes. 
It will thus be seen that , for specially rapid 
w:l.shing. it is best not to prolong each separate 

washing beyond 2 minutes, provided that the 
dish is kept constantly moving. 

As a genera l rule, when washing, one does not 
trouble to rock the dish or to wait until equili 
brium has been reached, fo r it is only when the 
available amount of water is restricted that 
these considerations become impor tant , and 
then special methods are employed (§ 420). In 
general, then, each washing withdraws only a 
fraction of the amount of hypo which could be 
removed if equilibrium were attained , and this 
fraction , which varies according to the mode of 
working, is to some extent a measure of the 
effectiveness of the washing. We have already 
seen that washing is more effective if the plates 
are held vertically than if they are pl aced face 
upwards at the bottom of the bath ; the effi ciency 
can be still further increased if , on removing the 
plates from the tank, they are a llowed to drain 
so that most of the surface liquid is not carried 
over in to the next bath. 

Most experimenters agree that there is nothing 
to be gained by prolonging the durat ion of each 
washing beyond 5 minutes, and that if ! oz . (i f 

water per square inch of emulsion is used , 5 or 
6 wash ings are quite sufficient to assure that 
the permanence of glass or film negat ives will be 
as great as the efficiency of the fixation permi ts. 

417. The Mechanism of W ashing in Running 
Water. W ashing tanks are frequently so bad ly 
adapted to the object in view that the wa ter 
fl ows directly from the tap t o the sink without 
fl owing throHgh the tank, and therefore docs not 
remove more than an extremely small propor
tion of the hypo which it should remove. The 
effectiveness of washing depends neither on t he 
amount of water used nor on the time during 
which the water flows, but on the volume of 
water which comes into effective contac t with 
the plate and on the rapidity with which the 
water charged with hypo is replaced by fresh 
water. Unless a scientifically const ructed ap
paratus which permits of the freq uen t renewal 
of the water in contact with the plates is em
ployed, running-water washing is slower than 
washing in separate changes of water, its only 
advantage being an economy in labour. 

If, after I minute's washing in running water, 
the concen t rat ion of the liquid in the gelati ne is 
found to have been reduced to a certain propor
tion of its original value, then the concentrat ions 
determined at one-minute intervals will always 
be in the same rat io as long as the conditions of 
washing remain constant; but t he magni tude 
of this ratio, which is to some extent a measure 
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of the effectiveness of a washer, varies from one 
appara tus to another. 

The best method of washing a single plate in 
running water is to allow water to flow directly 
across the plate (this method is not applicable 
to papers or films); the elimination of hypo is 
then about twice as quick as it is when the 
plate is placed in a washing tank through which 
water passes much more violently. 

The worst conditions are obtained by using a 
large dish, or a t ank without outlet at the bot tom, 
and a t hin stream of water; owing to the pres
ence of eddies in the water, the speed of washing 
varies considerably from one part to another. 

Experience shows that in the case of a bath 
with vertical grooves, fed by a constan t stream 
of water which is removed by a siphon, the 
elimination of hypo is more rapid when the tank 
is full y charged with plates ; it would seem that 
when there are no plates in the tank the in
coming water dilutes the salt solution instead 
of displac ing it. 

The very accurate work of Hickman and 
Spencer (I 922- 25) , to whose work we are in
debted for many of the data in this paragraph, 
has shown that washing in running water may 
be considered as ta king place in two stages : the 
total replacement of the water in the t ank , and 
the attainment of equilibrium between the liquid 
in the gelatine and the water in the tank . The 
time necessary for equilibrium varies, according 
to the type of plate or film used, from 5 t o I O 

minutes ; obviously no time can be set down 
for the complete renewal of the water in t he 
tank , but it often requires more than an hour. 
It is easy to determine experimentally the time 
requi red for this phase of washing, viz. by the 
following method. 

Place in the dish or tank (in the case of a 
vertical tank, t he place normally occupied by 
plates to be washed should be filled with plain 
glass) about 30 m inims of a 2 per cent solution 
of safranine, or of a saturated solution of per
manganate 1 for each square inch of surface to 
be washed 2 (6t drams for a 41 X 31 in. plate), 

1 Pcrmanganate solution sho uld be employed only 
in tanks constru cted of glass , earthenware, or s late; 
safran ine only sho uld be used with tanks o f wood or 
metal. 

2 Since the gelatine backing o f fil ms holds as much 
hypo as the emuls ion, their area must be doubled in 
order to calculate the amount of coloured l iquid requ ired 
for t he t est. The back of a film should b e washed as 
carefully a s the front ; t he spot s o f si lver sulphide, 
aris ing fro m the d eco mposit ion o f the s ilv er hyposuI
phite absorbed in the fixing bath, are liable to occur also 
o n the back . 

and note the time necessary, under normal con
ditions of washing, for the water in the tank t o 
become completely decolorized; the end-point 
can be best judged by comparing water from the 
tank and pure water , using two identical glass 
vessels against a white ground fo r the purpose. 

If, for example, it is usual to use six 41 
X 31 in . plates, then about 5 oz . of the coloured 
solution would be required. If an interval of 
35 minutes is necessary for complete decoloriza
tion of the solution, then for normal washing 
with the same water supply the time should be 
35 minutes plus the I O minutes necessary for 
obtaining equilib rium between the solution in 
the gelatine and that in the tank; the washing 
time, therefore, under the conditions of the test , 
will be 45 minutes. 

418. Apparatus fo r W ash ing. The washing 
of a small number of plates is frequently 
carried out in dishes, but for continuous work 
vertical tanks (tanks with grooves, or tanks, 
without grooves, into which the plates are placed 
in developing racks) are generally preferred . 
To ensure efficient washing it is essential t hat 
the tank be effectively traversed by the current 
of water. For this, two arrangements are used 
concurrently; water can be led in at the bottom 
of the tank and out over the top or through an 
overflow pipe, or it can fl ow directly from the 
tap into the tank and then out t hrough a tube 
which communicates with the bottom of the 
tank and empties at a level 1 slightly lower than 
the rim of the tank. 

Various washing devices have been made in 
which the water is kept in turbulent movement 
either by entering through obliquely-set nozzles, 
or by the plates or films being mounted on a 
drum which is kept rotating by a very simple 
water motor (paddle-wheel or sim ple turbine). 

Inasmuch as it has long been realized t hat 
washing in running water is slower than washing 
in changes of water, many inventors have 
attempted to construct an aut oma tic apparatus 
for changing the water so that the handling, 
which is the only objection to th is method of 
washing, may be eliminated. These machines 
are usually either tanks operated by a large 
emptying siphon, which is self-priming directly 
the tank is fu ll , as with the t antalus cup, or 
ordinary tanks fed in termittent ly from a flush 

1 The t ype of tank co mm only used by amateurs, 
viz. o ne with a n outlet only in the bottom, can eas ily 
be converted by fitting to the tap a rubber tube which 
is tied to the tank by st r ing; or by soldering to the 
interior o f t he outlet a lead t ube ben t into the fo rm o f 
a swan 's neck . 
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tank, or tanks with automatic flushing controlled 
by the outlet plug, or finally, for small sizes of 
plates , dishes which empty by tilt ing when full, 
and then immediately return to the filling posi
tion under the tap. 

For economy in water, several washing tanks 
are sometimes arranged in cascade form, but it 
is then necessary, t o ensure proper washing , to 
place the plates to be washed in the lowest tank 
first and then to transfer them successi vel y from 
tank t o tank, so that the final washing takes 
place in the upper t ank containing pure water. 
Unless this counter-current movement of the 
plates is looked after, plates in the lowest t ank 
will not be in contact with pure water, and hence 
will not be com pletel y washed un til after the 
washing of all the other plates in the tanks 
higher up in the series. 

To ensure that the washing is done under the 
best possible condi t ions, the tanks should be 
smooth inside and should not be larger th an 
necessary; a plate can be washed more quickly 
in a small than in a large tank . 

419. Control of W ashing. Since the com
ple tion of the wash ing process is not accom
panied by any indication that all the salts have 
been eliminated, various methods have been 
sugges ted for ascertaining when washing is 
complete. 

It is possible, for example, to discover that 
the water which drips from a plate or print does 
not contain enough hypo to be detected by the 
usual methods, i.e. does not decolorize a s tarch 
solution which has been made blue with a trace 
of iodine, or a solution of permanganate, both 
solutions having been made of a suitable 
s trength. 

These tests are very good in their way, but it 
is essential that their exact significance be 
understood. The fact of finding no hyposulphite 
in the drippings certainly indicates that the 
soluble hyposulphi tes have been removed and 
that, as a consequence, the washing is complete. 
But it gives no information as t o the complete
ness of the fixation, and hence of the perman
ence of the image , the tes t giving no indicat ion 
of insoluble complex hyposulphite of silver and 
sodium which may be in the film .l 

1 T his contro l of fixat ion may be made, a fter wash
ing, by plac ing o n the clear part o f a plate or pri nt a 
drop of a 1 0 per cen t solution of sod ium su lphide. If 
fixation is not complete, a brown spot . more or less 
dark , will appear. As a sp ot of this sort is indel ibl e, it 
is obvious t hat the test is applicable only to wast e 
p lates or papers, unless the materia l is deliberately 
sacrificed for the purpose of the test. 

Dissolve 9 gr. of potassium permanganate and 
8 to 16 gr. of carbonate of soda in 20 oz. of 
water ( I grm. and I to 2 grm. respectively in 
I,OOO c.c.) . This solution has an intense vi olet 
colour. Collect the drainings from several plates 
or prints in one glass vessel, and an equal quan
tity of the water used for washing (taken stra ight 
from the tap) in another. Add t o each one drop 
of the above permanganate solu tion . If the 
colour persists in the liq uid consisting of the 
drainings for as long as it does in the fresh water, 
the washing may be considered t o be complete. 1 

Finally, attent ion should be drawn to a check 
method invaluable in experimental work, but 
the practical use of which is rest ricted as it 
involves the loss of the images t ested, and is 
therefore suitable only for cinematographic 
fi lms of which it is always possible to cut off 
a strip of a few inches. Pour into a test tube 
I O C.C. of a solution containing 25 grm. mercuric 
chloride and 25 grm. of potassium bromide per 
litre. Then put in 10- 1 5 sq. cm. of image (film, 
or layer of gelat ine scraped off a p late). The 
presence of hyposulphite manifes ts itse lf by an 
opalescence of the liquid and the dosage can be 
ascerta in ed by comparison with samples pre
pared with known very weak dosages of hypo
sulphite (J. 1. Cra btree and F. E . Ross, I 930). 

In commercial establishments the control of 
washing may be effected by comparing the elec
trical conductivities of the feed and waste 
waters of the tanks (K. C. D. Hickman, I 923). 

420. W ashing in Practice. As far as the 
amateur photographer is concerned, the choice 
between washing in running water and washing 
in changes of water will be se ttled by personal 
convenience ; for the professional, or on the 
industrial scale, the choice will depend on the 
relative costs of water and manua l labour. 

If it be remembered that washing in running 
water is less effective when it is carried out in 
baths of large size, and that the hypo should be 
removed from the tank directly it soaks out of 
the gelatine, economy both in time and in water 
will result. It may be said that on the average 
the first seven minutes are taken up 1vith washing 

1 Shou ld the s ing le drop of perm anganate be in 
s tantly decolorized by the w ater used in the blank 
test (owin g to the presence of organi c matter). further 
drops should be added until a p erm anent pink colour 
has been obtained . The sa me number o f drops should 
be added to t he collection of d rips. 

A much morc sensitive reaction, in wh ich the traces 
of hyposulphite catalyze the d iscolouration by sodium 
nitride (N3Na) of the iod ine coloured by sta rch, has 
been described b y E. E. J elley and \Y. Clark (1929) , 
but its application is more delicate . 

• 
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the plates and the rest of the time with washing the 
tank (Hickman, I925). It is therefore necessary 
to use tanks the fittings and size of which are 
such that the washing of the t ank is almost as 
rapid as that of the film. 

In a case of extreme urgency, water may be 
allowed to flow directly over the plate to be 
washed, or three successive washings each of 
2 minutes may be given, but plenty of water 
must be used and the dish must be rocked con
tinuously for the whole period; the interrupted 
washing should be subsequently completed. 

In ordinary work, when washing in changes 
of water, fi ve or six washings of about 5 minutes 
each in plenty of water are given. With running 
water , at least an hour should be allowed when 
using a b nk wh.ich is effectively flushed with a 
rapid current of water; or, better, the time 
req uired for complete washing is determined 
once and for all for the tank in question with a 
given consumption of water (§ 4I4). 

When the supply of water is very limited, the 
hest results are obtained by employing for each 
washing only just enough water to cover the 
plates, draining the plates between each washing 
and increasing slightly the number of washings. 
For washing in running water the capillary flow 
method (L. Lumiere, 1922) may be used. The 
complete washing of a plate 4t X 3! in. may 
thus be done in 12 to IS minutes with only about 
one ounce of water. For this purpose, the slow 
and regular capillary fl ow of water in an almost 
vertical r ibbon of cotton twill is used. The water 
is fed from above by a tank, from which, so to 
speak, it is siphoned; the plate is placed on the 
twill, which has been previously wetted, in 
excluding air bells. The flow of water may be 
regulated by the height of t he fall measured from 
the level of the water in the reservoir to the 
free end of the ribbon.1 

Whenever plates are introduced one after the 
other into a bath to be washed t ogether, the 
time of washing or the number of changes of 
water must be counted from the insertion of the 
last negative. The water into which a plate 
sat urated with concentrated fixing solution is 
placed actually adds hypo to the gelatine of the 

1 It should be noted that pl ates and prints can be 
washed in sea-water, except th at at least two washes 
in soft water are necessary to remove the salts o f the 
sea-water, and particularly the deliquescent magnesium 
chlor ide. The use of distilled water or of slightly acid 

. water does not result i n the complete eli mination of 
hypo owing to the imposs ibility of converting the 
" hyposulphite of gelatine," formed during fixatio n in 
the acid fixing bath, into" calcium gelatinate." 

plates which are already partially washed, and 
thus brings them to a condition very close to 
that at which they were at the commencement 
of washing. 

In the case of films or prints left to them
selves in a dish or tank, washing in running 
water is liable to be ineffective if the surfaces 
to be washed cover each other and thus afford 
mutua l protection against free contact wi th the 
current of water. "'lashing in several changes 
of water is therefore the only possible way, but 
the films or prints must be kept constantly in 
m ovement; for example, by making two piles in 
the bottom of the dish and transferring the 
papers or films one by OIle from one heap to 
the other; also by h andling them singly when 
transferring from one tank to another. 

Contradictory opinions have been expressed 
on many occasions regarding various circum
stances which are capable of affecting the speed 
of washing. It has been stated, fur example, 
that the washing of plates which have been 
fixed in an acid bath is slower than the washing 
of plates fixed in a neutral bath, when, on the 
contra ry , the swelling of the gelat ine in a neutral 
bath prolongs washing considerably . It is often 
stated that washing is accelera ted by increasing 
the temperature of til e water and retarded by 
the use of a lum in the fixin g bath, while many 
experiments show th at the spee,i of washing is 
independent of the temperature of the bath 
(more rapid diffusion is compensated by the 
swelling of the gelatine in the warmer water), and 
that alum added to the fixing bath does not 
retard the changes in the interior of the gelatine, 
unless in the interval the gelatine has been 
dried (Eastman Kodak Laboratories , I92I). It 
mav be added that it would be the same if the 

" 
alum treatment were carried out in neutral 
solution as a separate operation. 

If, in certain circumstances, it is necessary to 
keep a plate in water for an UnUSllall y long time, 
it is best to add to til e water a little bisulphite 
of soda (about 5 per cent) to stop the gelatine 
swelling excessively and thus becoming very 
t ender. Plates which have not had the gela tine 
hardened by a lum and which a re kept for a long 
time in polluted water are liable to be attacked 
by bacteria, which will cause liquefaction of the 
gelatine in patches. For this reason plates 
should never be left in water overn ight. 

When the only water available fo r washing 
contains a large quantity of chalk, which tends 
to form a superfici al fog on drying, it is well, 
to ensure that the negatives shall have a per-
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fectly clear surface , to follow the washing with 
a few minutes' immersion in a I per cent solution 
of hydrochloric or acetic acid. This precaution 
is particularly to be recommended for the very 
small negat ives used almost exclusively with 
large scale enlargement in which the presence of 
lime depos its, even imperceptible to the naked 
eye, increases in a troublesome manner the 
graininess of the image; and for all negatives 
when alcohol is used for rapid drying, since it 
avoids the formation of an opaque wh ite fog, 
wh ich would appear chiefly on those portions of 
the plate which had dried most rapid ly (L. P. 
Clerc, 1917). 

It is as well always to complete the washing 
of plates under a spray of perfectly filtered 
water, to free them from foreign bodies which 
may adhere to the gelatine during drying. 1 

421. Hypo Eliminators. The idea of attempt
ing to destroy hypo instead of eliminat ing it is 
almost as old as photography. This idea is 
unfortunately opposed to common sense, and 
to a sufficiently large number of experimental 
facts. To begin with, a chemical action never 
" destroys"; it can only transform ; and those 
who have commended such practice have usually 
not Tried to discover whether the products of 
this transformation are any less liable to 
damage the image than is the hypo from which 
they have been obtained. On the other hand, 
the substance which actively alters images is 
not so much the hypo sulphite of soda as the 
insoluble complex hyposulphite of silver and 
soda. It is therefore necessary to find out the 
form in which this salt of silver exists after the 
action of the eliminator. 

All the substances which have been recom
mended as hypo eliminators are oxidizers; we 
may mention hypochlorite of soda or eau de 
J avelle (F. W. H art , 1864), hydrogen peroxide 
(A. Smith, 1866), iodine (H . Vogel, 1872), 
potassium persulphate (Schering, 1894), sodium 
hypoiodite (P . Mercier. 1897) , potassium per
carbonate (G. Meyer, 1901), alkaline ammonium 
persulphate (Lumiere and Seyewetz, 1902), 

1 It is someti mes reco mmended that film negatives 
should be rinsed in water containing a litt le g lycerine 
in order t o give a greater suppleness t o the dry film. 
But all photographic images which have b een treated 
with glycerine remain p ermanently damp, and atmos
pheric action on the silver is thus facilitated; many 
cases have been cited of slow changes in images thus 
treated. 

alkaline perborates (G. F. J aubert, 1903), and 
the sod ium compound of p-toluene-chloro
amide-sulfonate (E. F. Shelberg, 1922), which, in 
aqueous solution, slowly decomposes to give 
hypochlorite. 

As early as 1889, Traill Taylor stated that" if 
one wishes to take all the precautions which are 
necessary in order to apply the would-be hypo 
eliminators without danger to the photographic 
images, the operation wi ll be found to be longer 
and more complicated than the washing itself." 

Many experimenters who have studied the 
reactions involved in the oxidation of hypo
sulphites (notably Chapman J ones, 1899, and 
E. Sedlaczek, 1904) have shown that most of 
the oxidizers used attack the silver of the 
photographic image, and that in react ing with 
the hyposulphite they form t etrathionate and 
dithionate (as well as inert sulphate) , which 
appear to be as dangerous to the image as is the 
hyposulphite itself; they also resemble hypo
sulphite in interfering with subsequent treat 
ment , such as intensification . 

Experiments made by A. E.Amor (1925) t o 
determine the effectiveness of various elim in
ators , in which the residual hypo of plates at 
various stages of washing (with and without 
eliminator) was measured, show that the effi
ciency of oxidizers is less than that of a single 
washing in a 0'2 per cent solution of caustic 
soda, and that after one extra wash (the duration 
of each wash being 2 minutes) the elimination 
of hypo is more complete th an it would be were 
an eliminator used for the same time, and much 
less risk of damage to the image is incurred. 

Eau de J avelle is the most dangerous of all 
the eliminators, yet, in F rance, it is also the 
one most frequently employed. The resulting 
image contains silver chloride, which is liable 
to change on exposure to light, giving irregular 
violet-coloured patches; and, in fairly strong 
solution, eau de Javelle attacks both silver and 
gelatine. 

The best method, then, is to leave these 
various reagents severely alone, and to use the 
only perfect eliminator, pure water, constant ly 
applied to the surface to be washed. In cases 
of urgency, for taking a print, it is safe to prin t 
after a t emporary fixation (§ 375) and one brief 
rinse, the print being made either by enlarge
ment or by contact with a previously moistened 
printing paper. 
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CHAPTER XXXI 

DRYING 

422. The P urpose of Drying. Photographic 
plates a nd films which have been washed at 
temperat ures between 60° F . and 68° F., and 
have been wiped free of water cl inging to the 
surface, contain an amoun t of water which is 
about six or ten times the weight of the gelat ine 
in the emulsion, so that it may be as much as 
one or two grains of water per square inch of 
emulsion surface . In the case of film s coated 
on the back with gelatine, an approximately 
equal quantity of water will be contained in this 
backing layer. The amount of water absorbed 
is considerably greater at higher temperatures. 

Before wiping, the quantity of water adhering 
superficially to the sur faces of a plate or film 
amounts, for the two faces, to about 1'5 to 1·8 gr. 
per square inch, of which about three-quarters 
runs off in drops when the negative is held 
vertically . A portion of the remainder accumu
lates on the lower parts of the negative, whilst 
a certain amount evaporates. 

In the process of drying, this water has to be 
evaporated without injury to t he image (partial 
or complete melting, ma rkings, reticulation , 
etc.) ; at the same time, the adhesion of dust to 
the moist gelatine must, as far as possible, be 
prevented. 

Obviously , drying will be more rapid if super
ficial water is wiped off at the start. 1 

423. The P hysics of Drying. The air a lways 
contains a certain amount of water in the form 
of vapour, this quantity varying greatly accord
ing to circumstances. Comparatively dry air, 
when kept in the presence of water or moist 
bodies. or into which water vapour is introduced 
by a boiler, will take up moisture t o a certain 
maximum, which increases according to the 
temperature of the ai r. When this limit has 
been reached, the ai r is said to be saturated with 
moisture. The rat io of the quantity of water 
vapour present in a given volume of air to the 

1 It must be noted th at even after long and e ffec tive 
washing. the w ate r held by the negative s till contains 
traces of hyp osulphite , too small ind eed to be detected 
even by the mos t de licate Inean s. As drying proceeds, 
however, adhering water collects in elrops, whi ch grow 
smaller and smatter, so that the whole of the hyposul 
ph ite in this w;,jLter beco mes concentrated in small 
areas in which may then be observed defect s due to 
insufficient washing (K. C. D. H ickman, 1926). 

quantity which would be present in the same 
volume of saturated air is called the hygrometric 
condition, the fraction of saturation , or the 
relative humidity. On cool ing the air, its relative 
humidity is increased, and it may become 
saturated (condensat ion of mist or deposition 
of dew). Conversely, the relative humidity of 
air is decreased when the temperature is raised. 1 

Dry gelatine absorbs water in a moist atmo
sphere, whilst moist gelatine loses moisture in a 
dry atmosphere. In saturated air, which is 
unable to take up any more moisture, all evapor
at ion is prevented, and as a consequence moist 
gelatine cannot be dried in it, even though the 
amount of moisture to be removed be very sma ll. 
The rate of drying is very nearly inversely 
proportional to the relat ive humidity of th e a ir ; 
a ir which is warmed, and of which the relat ive 
humidity is thus reduced, has its capacity for 
drying increased to a greater extent when the 
ri se of temperature is great. The practical 
limits of drying by this system are, however, 
quickly reached because of the ri sk of melting 
the gelatine. Since the air becomes loaded wi th 
moisture as evaporation proceeds, it soon 
becomes saturated, so preventing further drying, 
unless it is cont inually renewed at the surfaces 
of the drying material. 

Gelatine should never be completely desic
cated; it is considered to be dry wh en it contains 
no more than about 10 per cent or IS per cent of 
moisture. Further drying renders it very brittle, 
a fault wh ich would be specially evident wi th 
film negatives, and might also be attended with 
injurious effects in the case of glass negatives. 

Drying in an atmosphere of less than 60 per 
cent relative humidity tends t o dry the surface 
layer before the underlying portions; the evap
oration of the imprisoned moisture is thus 
retarded. Injury may occur to negatives which 
are stored, or to films which are rolled, in this 
condition when the imprisoned water becomes 
re-distributed through the whole thickness of 
the coating. 

• 

1 Air of 50 per cent relative humidity is co nsid ered 
as being very dry. In cold , damp weath er the alm ost 
saturated o utsid e air has its relative hu midi ty lowered 
to 30 per cent or even less when it is warmed to the 
normal temperature of a workshop or dwelling house. 
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The drying of films in cinem atograph printing 
works is carried out as a.rule in a current of air 
at 70 per cent or 80 per cent relat ive humidity , 
at tempera tures between 78° F. and 87° F. 

The evaporation of water is accompanied by 
the absorpt ion of heat, which, in the case of 
spontaneous evaporation, results in a lowering 
of t emperature. Since, at the same relative 
humidity, t he evaporation of wate r is slower as 
the water to be evaporated is colder, it is seen 
that drying tends to become progressive ly 
slower. This retardat ion is aJ l the more m arked 
when evaporation takes place simultaneously 
from both sides of a negative; a drop of water 
adhering to the back of a negative often results 
in retard ing the drying of the portion of the 
gelatine layer immediately opposite to it. 

424. Apparatus for Drying. Glass negatives 
a re generally dried in the vertical position 1 in 
t he grooves of a dra ining rack. These accessories 
are not always made in the m ost rational form, 
folding racks being as a rule the worst offenders. 
In the first place they are often unsteady, being 
so designed as t o cause the diagonal of the plate 
to be ve ry far from vertical, which is the most 
stable posit ion. Secondly, the grooves are 
almost always too close together, allowing an 
insuffi cien t circulation of ai r between the plates 
-~so much so that it is no uncommon thing to 
find water which h as been evaporated from one 
coating condensed as dew on t he back of the 
next plate . This is generally avoided by using 
only one g roove in every two or three . If care 
has been taken to wi pe t he glass sides of nega
tives before placing them in t he racks, two 
negatives may be placed back to back in ad join
ing grooves, each pair of negati ves being 
separated from the next by at least one em pty 
groove. Another plan is to a rrange the nega
tives a ll facing the same way, in order to avoid 
mistakes; a constant interval is then left 
between each. 

If, for any reason, a plate has to be dried 
without a rack, it may be rested against the 
wall with its lower edge on several thicknesses 
of clean white blotting paper. 

Cut films, if they have been developed, fixed , 
and washed in developing hangers, are generally 
kept in these hangers until drying has been 
carried out, the hangers being suspended from 
specia l racks or placed in ordinary plate racks. 

1 Sonl e drying racks are made with slightly inclined 
grooves ; with these, the plates should be inserted 
with the gelatine facing downwards in order to preven t 
dust from being deposited on it. 

In the absence of hangers , films m ay be sus
pended from a stretched string in t he open air , 
or inside a drying cabinet by hooks made from 
pins bent in the form of the letter 5; or t hey 
may be pinned to the edges of shelves. Whatever 
method be adopted, f11ms must be fa r enough 
from each other and from neighbouring objects to 
prevent t heir sticking together or to some other 
object, sho uld they wave to and fro in a draugh t. 

Lengths of film which a re not much more 
t han 3 ft. or 4 ft. long are genera lly hung by 
specia l clips to rods or stretched wires, the lower 
ends of the films being weighted by other clips 
of sufficient size. 

Long lengths of film (c inematograph ftlms , 
aerial film negatives, etc.) are dried by winding 
them on special skeleton drums, whi ch a re 
kept uniformly turning on their axes, or causing 
t hem to pass along a series of vertical pi pes in 
wh ich a curren t of moderately warmecl a ir 
circulates in the opposite direction. 

425. The Operation of Drying. Drying should 
be carried out in premises which are well venti 
lated, dry , and at a moderate temperatu re. 
Freedom from dust is another requiremen t, and 
for this reason it should be in a room where there 
is no need for constant passing t o and fro a 
certain means of rai sing dust. In commercial 
installations drying is carried out in special 
rooms in to which filtered air, elry and warm , 
is forced . 

It is essentia l that during drying th ere should 
be no sudden change of temperature, of relat ive 
humidity, or of speed of air currents. Every 
negative which is subjected to great changes in 
conditions of drying shows a distinct mark be
tween the portions d ried uncler different condi
tions . Those parts which h ave been dried most 
slowly are sometimes denser and sometimes less 
dense than others. I n particular, negatives m ust 
not be allowed to stand in the sun during d rying. 

Before being set to dry, negat ives should be 
wiped on the gelatine side (on both sides in the 
case of films) either with a rubber sponge which 
has been well squeezed out in water or with a 
grease-free chamois leather which has been 
soaked and wrung out. 1 For wiping a ve ry 

1 For lengths of film, use may be made of a pair of 
squeegees, hinged at one end and elongated to form 
hand les at the ot her. 

On continu ous-working mac hines fo r dcalin g with 
fi.lms (cinematograph film s, aerial film ncgati\"cs, etc.), 
wiping is often done by jets of compressed air, which 
play obliquely on the two sides of the flim . This air 
should be filtered in order to trap any d rops of o il 
brought in from the compressor . 

I 

, 
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small number of negat ives, they may be placed 
be tween two sheets of flu Ffless blotting paper 
or between the leaves of a book of filter paper, 
th ~ hand being then passed over the paper with 
modera te pressure. In this way the duration of 
drying is considerably reduced , and a lso drops 
of wate r a re prevented from causing marks due 
to the local retardation of drying . 

Whenever possible, the glass sides of plate 
negatives should be wiped dry with a soft cloth; 
in addit ion to the fact th at drying is thereby 
slight ly accelera ted , it is easier at this s tage to 
ge t rid of small particles of gelatine or other 
foreign mat ter which may soil the back of the 
pla te. 

When once negat ives have been placed in the 
racks or hung up, they must be left to themselves 
until they a re dried , no matter how great the 
impat ience to exa mine them may be. 

Tn a very humid a tmosphere a higher tempera~ 
t ure leads to an increase of density and contrast. 
Whereas th e evapora tion of t he water is rapid 
in a dry atmosphere, thu s cooling the gela tine 
wh ich is kept fairly fi rm even in compara tively 
warm air, e\'aporation is retarded in a moist 
a tmosphere and cool ing becomes negligible, so 
that t he gela tine can become so ftened and a llow 
of a re~arrangement of the gra ins of sil ver. 
Varia ti ons of 25 per cent have been noted , 
a fter drying in various conditions, in densities 
t hat were equa l be fore dry ing (J. Crabtree; 
D.R. Whi te , I 922) . 

Dry ing should never be undertaken in winter 
in a pl ace where there is a risk of the tempe ra~ 
t ure falling so low as to freeze the water wi th 
which the negatives are impregnated; " ice 
fl owers, " which would be formed under such 
conditions, would leave their distinct impression 
in the ge latine. 

Certain insects, cockroaches, ants, etc. , especi ~ 
ally in \varm climates, devour gela tine. In 
places infes ted by these creatures it is a good 
plan to protect negatives during drying by a 
mosq ui to net. 

In wa rm, humid, and stormy weather , the 
gela tin e of negati ves is sometimes a ttacked 
d uring dry ing by co lonies of microbes. During 
the course of ve ry slow d rying which such 
weather causes, t hese microbes may liquefy the 
gelat ine in places, leaving the glass support ba re. 
Th is t rouble occurs especia lly wi th non-hardened 
negatives, when s traw packing or other such 
mate rial containing mildew is d isturbed near 
the negatives during dry ing. In such atmo
spheric conditions it is well to hasten drying by 

bathing the pla tes after washing in water to 
which alcohol has been added (§ 428), or at least 
to finish washing in an antiseptic bath such as 
3 per cent solution of phenol. 

426. Distortion of the Image during Drying. 
Very slight deformations, quite negligible in the 
common applications of photography , occur in 
the film of gelatine during drying, especially 
near the edges. They may need to be taken into 
account in high-precision measurements (carto
graphy , astronomy, etc.). 

These deformations are mainly due to local 
inequalities of drying. They occur chiefly on 
negatives developed with a tanning developer 
(pyrogallol), on account of the fac t that the 
denser portions of the image, which are tanned, 
contain less water than the surrounding gelat ine. 
The presence of drops of water adhering to the 
gelatine surface, or even t o the glass, causes 
similar deforma tions due to local re tarda tion of 
drying. Every negative has a margin of a bout 
half an inch in which these deforma tions are 
fairly considerable. Di stortion, whi ch is due to 
inequali ty of drying , may be considered as 
temporary if the gelat in e has not been ha rdened 
with alum, a nd with th is excep t ion it is possible 
to remedy the defect by allowing the negative 
to swell in water and to dry again with a ll 
necessary precautions, particula rly by hastening 
d ry ing by treatmen t wi th alcohol (§ 428) . 

427. Acceleration of Drying by Heat . The 
d ry ing of glass negati ves ' or paper prints may 
be greatly has tened by a current of warm air, 
or by p lacing t he material to be dried near a 
source of heat, provided that the gela tine has 
been hardened so as to ra ise its melting-point 
to a sufficient degree . Unless the heat is great ly 
moderated, this meth od, when applied to 111ms, 
often causes a permanent deforma tion of the 
film base (notably curling a t the edges) , which, 
in a measure, is a n obstacle to perfec t sharpness 
of prints. 

Negatives fixed in solutions containing alum, 
a nd especia lly in a fixing solution containing 
a la rge quantity of chrome alum (§ 409) , will 
generally stand a temperature of J 2 0 0 F . to 
140° F. They may be d ricd in fL111 sunlight, 
provided that no shadow falls on them, since 
shadows would cause local ineq ual i t ies of drying. 
Dry ing in the sun is indeed often t he only pos
sible method in very wa rm and humid climates. 

I The heatin g of t he gelatine of a glass plate on whi ch 
a current of warm air is directed can be limited by 
blowing a current of cold ai r on to the back surface 
at the same time . 
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In the case of negatives which have only pass
ing interest (§ 4 0 2) and of which prin ts are 
urgently required, the gelatine may be rendered 
proof against melting, even at the temperature 
of boiling water, by bathing t he negative for 
about 10 minutes in a solution of formaline or 
formaldehyde.1 It is often recommended to use 
for this purpose a mixt ure containing 10 parts 
of this solution diluted t o 1 00 parts with water. 
This is an excessive amount, for 5 parts in 100 
is ample to give the desired hardening (J. 
McIntosh, 1900), whilst it has the advantage 
that less formaldehyde is liberated from the 
negatives during drying. When frequent re
course t o this method of drying is necessary, it 
is best to obtain a sheet-iron drying box, through 
which air can be circulated and led to the 
outside , and in which the t emperature can be 
raised to about 2 120 F . 2 

428. Rapid Drying with a Volatile Liquid. 
Many liquids evaporate much more rapidly th an 
water, owing to their vapours not being com
monly present in the air, to the fact that their 
boil ing points are lower than that of wa ter, and 
a lso because their heat of vaporizat ion is much 
lower th an that of water (half for methyl and 
ethyl alcohols, quarter for acetone) . Such 
of these liquids as are miscible in a ll propor
tions with water may be employed to hasten 
the drying of t he gelatine of photographic 
negatives and prints; in the case of films there 
is, of course, the additional requirement that 
they must not dissolve the film base . After 
some minutes' soaking in the selected liquid the 
latter will have almost completely displaced the 
water and drying will then be very rapid. 

Considerations of cost only permit of the use 
of denatured alcohol (methylated spirit), which 
has the added advantage that it causes the 
gelatine to contract. 3 The alcohol, by gradually 
taking up water , becomes useless for this purpose 
after it has dealt with a number of negatives, 
and requires regeneration . 4 Too rapid dilution 

1 The liquid sold under the name of formaline "is an 
aqueous solution of about 40 per cent of for mic alde
hyde or formaldehyde (a gas) . It will so metimes be 
found to change on standin g , white cl ots o f trioxy
methylene being formed . vVhen this happens , it loses 
its effec tiveness wholly o r partly. 

2 Drying by heat after treatment with formaline 
may b e accelerated s till more if alcohol is used in place 
of part of the water for d iluting th e formalin e. 

3 In fact it may almost be said that al cohol does 
not penetrate the gelatine but merely extracts the 
water, the attraction of gelatine for water being very 
s mall or non·ex ist ent (H . R. Proctor , 1909). 

40 D enatured alcoho l diluted with water !llay be 

of the alcohol should be prevented by draining 
or wiping the negatives before placing them in 
it, and after the alcohol treatment is fini shed , 
the alcohol clinging to the negat ives is collec ted. 
These precautions almost double the amoun t of 
material wh ich can be dealt with by a given 
amount of alcohol (L. P . Clerc, 1917). Negat ives 
of which some parts have already dried spon
taneously should not be treated by this method 
on accoun t of the ri sk of marks. 

The extra speed of drying is obviously greater 
when concentrated alcohol is used, but the use 
of methylated spi rit at its maximum concentra
tion presents various difficulties . In addition to 
the precipitation of lime salts from hard water 
in the form of a white opaque fog (§ 420), it 
sometimes produces a dulling effect on the 
surface of the gelatine, which has been attributed 
to the dehydration of the gelatine cells (Uippo
Cramer, 1915). 1 Also, the use of concent rated 
alcohol, by softening the base of film negatives 
and dissolving an appreciable proport ion of the 
plasticizers, may cause fri lling of the gela tine or 
permanent deforma tion of the film. 

The following table shows the t ime required 
for drying negatives (7 x 5 in .) after 1 0 minutes' 
treatment in denatured alcohol to which water 
has been added in d iffe rent proportions. These 
times are of course only relative, for they must 
depend also on t he t hickness of the gelatine and 
on the atmospheric condit ions-

Pure denatured 
alcohol Pure wa ter 

Water (added) % 0 20 40 60 80 100 
Time of drying. 40 min. 80 min. 11 5 mi n. 175 min. 2 10 min . 270 min . 

It will be seen that whilst the effectiveness of 
a lcohol decreases very quickly with dil ution, 
alcohol diluted with water t o a moderate extent 
(up to 20 per cen t) is still considerably more 
rapid than spontaneous drying, and yet avoids 
the various troubles which may result from the 
use of too highly concentrated alcohol. 2 

regenerated by Shakin g it with salts which t a ke up 
water with great avidity and are not soluble in al cohol 
or water-alcohol mixtures, e .g. plaster of Paris or the 
carbonate of soda or p ot ash. 

1 Concentrated alcohol can be uti lized by employ ing 
two successive baths, of w hich the first contain s a 
hygroscopic substan ce, for in stance , 0 -88 g r. of crystal 
li zed calc ium chl oride pe r 11. o z. (2 grm. pe r litre) (Scher· 
ing and Kahlbaul1l, 1928) , or a non· hygroscopi c sub· 
stance conferring pliancy, as for instance, 0'44 gr . of urea 
per ft . oz . (1 grm. per litre), or 4 '4 gr. o f salicy lic acid per 
ft. oz. (10 grm. per litre) (Ze iss· I kon, 1930) . 

, Methyla ted spirit becomes turbid on adding water 
becau se of t he preCipitation of lim e salts fro m th e 
water and o f res inous or tarry substances present in the 
denaturing agen t. Very clear dilutions o f alcohol may 
be obtained by adding a small amount of amm onia 
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Negatives which have been passed through 
alcohol may, during drying, be subj ected with out 
harm, to a higher temperature than would be 
sa fe for negatives heavily charged with water. 

After treatment by the alcohol method of 
drying, there is a temptation to consider as dry 
negatives which are really only dry on the sur
face and in which the deeper parts of the gela tine 
are still wet. If such negatives are piled together 
in this condition it may be impossible to separate 
them afterwards. 

429, Instantaneous Drying by Dehydration of 
the Gelatine, Certain salts which are very 
soluble in water may be employed in very 
concentrated aqueous solutions in order t o bring 
about the rapid dehydration of gelatine im
pregnated with water without causing any ill 
effects on the gelatine itself (Lumiere and 
Seyewetz, I 9I2) . Among the salts which may 
be used (aluminium sulphate, sulphate of soda, 
hyposulphite of soda, etc.), carbonate of potash 
in saturated solution gives the best results 
without harming the negatives, even in case of 
prolonged contact . 

Th is method of drying should be considered 
as suitable for the temporary drying of negatives, 

(abo ut 1 0 minim s per 20 oz. = I c .c . per litre), shaking 
with severa l chan ges of animal charcoal (about 175 gr. 
per 2 0 oz . = 20 grm. per litre) and filtering or d ecanting 
the clear liquid (A. Ninck , 1926) . 

permitting of their immediate usc for periods 
up to several weeks, They must be given a 
further washing in order to get rid of traces of 
carbonate of potash from the gelatine ,l This 
substance, after a time, may give ri se to stains, 
or , in certain cases, to the separation of the 
film from its support. Since the washing of the 
negatives must be repeated a t leisure, the first 
washing and even fixing may be shortened, these 
processes being completed la ter. 

The negative containing water is immersed 
for 4 or 5 minutes in a satura ted solution of 
carbonate of potash (about 53 per cent at 60° F,) 
or IIO par ts of the salt to I OO parts of water; 
(this solution registers 52 '5 ° on the Baume 
hydrometer), The negative is rapidly wiped 

. between blotting paper to remove the bulk of 
the adhering solut ion, and drying is completed 
by wiping the film with a soft cloth. The surface, 
which is very hard, is of glossy appearance. The 
negative may be used at once for printing, 

The solution of carbonate of potash may be 
regenerated from time to time by dissolving 
more of the salt in it. 

1 The washin g of a pl ate or film impreg nated with a 
very concentrated solution of salts should , preferabl y , 
be begun in a di sh , us ing repeatedly just suffIcient water 
to cover it, in ord er to avoid too sudd en a change in 
concentrati on which might cau se reticulati on of th e 
gelatine. 

• 



CHAPTER XXXII 

THE CHIEF FAI LURES I N NEGATIVE-MAKI NG 

430. Preliminary Note. The enumeration of the 
fa ults which may occur during the various 
phases of the process of negative-making m ay 
be sufficient to discourage the novice in photo
graphy; it has, however, no other purpose than 
to a llow the cause of a failure t o be discovered. 
It must be admitted that any lis t of possible 
defects is never complete, unexpected failures 
sometimes occurring which cannot be traced t o 
their causes. 

When a beginner (and sometimes even an 
experienced photographer) meets with a fa ilure 
he immediately blames the camera, the plates, 
the chemicals and their respective purveyors; 
a lmost always he forgets t o ask himself what 
blunder he has committed. 

Nobody is infallible, and, in spite of strict 
control, a manufacturer (of whom one cannot 
ask tha t he should test all his pla tes and films 
before issuing them for sale) will send out
but very seldom a plate or film showing some 
sligh t defect . Long experience shows, however, 
that t he great majority of failures are due to 
faulty working of which the photographer is 
often unconscious, and which he will not hesitate 
in good faith to deny. 

If, after careful investigation, a fault appears 
to be due t o manufacture, and is repeated on 
several plates from the same box or from t he 
same emulsion, replacement may be demanded 
from the manufacturer. This will always be 
courteously furnished if it be courteously asked. 
In addition t o the faulty negatives, some other 
plates (exposed or otherwise) which have not 
been developed should be returned, packed in 
their original wrappings. In order to identify 
plates sent back for testing, some distinctive 
mark should be made on them, so that t he 
sender may have no doubts when, as frequently 
happens, faultless negatives are returned to him. 

43I. Faults Appearing During Development. 1 

The I mage Does Not Develop . Anti-halation 
plate exposed through the back; plate not ex
posed; absence of one of the essential ingredients 
from the developing solution. Put the plate 

1 Some of t hese d efect s. especially if they are not 
very marked , will not be found until la t er, sometimes 
not until after drying. For the characteristics of 
negatives which have been under-exposed or over
exposed , see §§ 376 to 378. 

aside for the time being in pure water, and then 
try to develop it later in another bath. 1 

The Emulsion Darkens Before any Image 
Appears. The sensitive surface has been ex
posed t o light outside the camera . 

T he Image Appears Almost Lost by Uniform 
F og. If those parts of the sensitive emulsion 
which were protected by the rebates, etc., of 
t he dark slide are not fogged, the trouble is 
probably due t o excessive exposure; to sunlight 
on the lens during exposure (absence of lens 
hood) ; or to the use of a lens of which some 
parts are dirty or covered with mist . 

If the fog also covers the protected parts of 
the surface, several causes may be suspected: 
long storage of the plate or film under unfavour
able conditions ; wrongly-mixed developer (ex
cess of alkali, insufficient bromide) , or developer 
contaminated with hyposulphitc or me tallic 
salts from the m aterials of which dishes and 
accessories are made, or wi th sulphide formed 
in old developing solut ions which have been 
kept for a long time. In either of these cases of 
fogging the cause may be (§ 200) the ac tion of 
certain materials used in t he construction of 
the dark slide (resinous wood, varnish, drying 
oils; zinc, aluminium, and their alloys), or of 
paper used for re-packing the plates or films 
between exposure and development; any printed 
matter on this paper may then leave an image 
more or less plainly visible than the image proper. 
Except in the latter case, prolong development 
as for a normal negative, adding a fairly 
large amount of bromide. In spite of being 
very dense, the negative will yield passable 
prints. 

F og Appears After the I mage is Distinctly 
Visible . Development is being done t oo close 
to a dark-room lamp wh ich is fitted with an 

1 Make sure that t he plate or film has not by chance 
been p ut into the developing dish with its face down
wards . If the emulsion has been exposed through 
the back, t he image will be very slow in making its 
appearance; in this case the image is situated mainly 
in the emulsion next to the support and docs not 
develop t o such a great extent in th e outer layer. If 
the layer of gelatine h as not become swollen in the 
developer it has been greased, either to prevent 
development by an operator unaware of the fact 
(espionage), or for its sensitizing for ultra-violet. The 
emulsion m ust then be cleaned with acetone. 
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THE CHIEF FAILURES IN NEGATIVE-MAKING 

unsuitable filter 1; or a very little diffused light 
is penetrating to the inside of the dark-room. 
In these cases t he sensitive surface in the 
shadow cas t by the sides of the dish remains 
clear of fog. In the case of a developer contain
ing hydroquinone, the fog may be due to oxida
tion of the developer as a result of too prolonged 
withdrawals of the negative for examination 
(§ 339) . These failures may be avoided by 
desensitizing. 

Intense Ray-like F og. Fog starting as a rule 
from one corner and throwing rays in different 
directions indicates leakage of light in the dark 
slide or its junction with the camera. 2 

Marginal Fog. Fog forming a black or dark 
grey border and ailing off t owards the centre 
sometimes occurs on plates or films which are 
very old or which have been kept under bad 
condit ions. 

Parts of the Plate do not Develop, or Develop 
only Slowly. The surface of the emulsion has 
not been fully covered by the developer, prob
ab ly because t oo li ttle solution has been used 
and th is has not been well stirred; possibly , 
a lso, to the dish not being level. 

Black Lines Covering the Whole or Part of the 
Plate. During the preparation for taking a 
photograph, or when carrying the camera, an 
image of the sun is formed on the sensitive 
surface by a tiny hole in the camera itself. This 
acts like a pinhole, and moves in a ll directions 
according to the movements of the camera. 
Parts of these lines may be reversed by 
solarization. 

Spreading of the High-lights into the Image of 
N eighbouring Shadows . Use of sensitive material 
not protected against halat ion (§§ Z3I-Z38) for 
photographing very contrasty subj ects. 

Black Spots I rregularly Distributed over the 
Image. Black spots of various shapes and sizes 
may be due to specks of some substance which 
causes fog or accelerates development. These 
may fall on the surface as dust or as particles 
from the developer itself. (Dust a rising from 
the friction of the shutter in an aluminium 

1 Cases have been no ted in which fog appears when 
using a developing solu tion previously employed for 
panchromatic material. The sensitive layer during 
treatment becomes panchromatic due to the action 
of the sensitizing dye g iven up to the bath by the p lates 
previolls ly treated. 

2 On roll films, fog of irregular shape starting from 
the edges and penetrating more or less into the im age , 
especially on the last expos ures , is due to the film not 
being wound t ightly enough when the camera was 
un loaded, the last turns not being protected by the 
flan ges of th e spool. 

dark slide, magnesium from flashlight powder, 
clinging to the hair or clothing of the operator.) 
They may a lso be due to undissolved particles 
of the ingredients in an unfiltered developing 
solution (crystallization may also occur in a 
concentrated developer when the temperature 
falls too low). These spots sometimes have tails. 
which are usually vertical, when tank develop
ment has been employed. When dust has fallen 
on the surfaces before exposure to light, the 
blackspots frequently have a transparent centre.1 

Pseudo-reticulation. Dark lines somewhat like 
the meshes of a net have been caused in many 
cases by development in a bath which is not 
rocked or in a dish which contains only a small 
quantity of developer. 

Edge and Streamer Markings . When develop
ment is done in a very shallow layer of solution 
in an unrocked dish, there are sometimes 
produced dark margins on the dense regions of 
the image and light margins on the adjacent 
lighter regions. This is due to diffusion ex
changes between the active developing agent 
and the products of reaction. For the same 
reason, when vertical tank development is em
ployed,light streamer m arkings, extending below 
the denser parts of the image, are produced. 

Denser B ands R ec1{rring P eriodically in a 
L ength of Film Developed on a Rach. These 
bands appear on th e parts of the fllm opposite 
the end cross-bars of the frame. In these regions 
development is more rapid than in the vertical 
regions along whi ch the products of the develop
ing action stream. Special racks with circular 
end cross-pieces of large diameter render th is 
defect less likely to occur. 

Irregular S tream-lines , Darker or Lighter than 
the Rest of the I mage. The developer was not 
perfectly mixed when plates or films were placed 
in it . It may not have been sufficiently mixed 
when a concentrated developer has been diluted, 
or when the solution has been prepared from 
various stock solutions . 

Mottling. This defect is usually the result of 
curtailed development of a very much over
exposed negative, the developer being dilute 
or exhausted and insufficiently rocked. 

White Spots . Several cases must be considered. 
Tiny areas bare of emulsion would result in 
completely transparent areas before fixation, and 

1 B lack or white spots may be d ue , in exceptional 
cases, to a local increase o:r decrease of sen sitivity dur
ing manufacture, owing to the acidity or oxydorecluc
tion equili b rium of t he medium being modified by 
dust or cultures . 
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would be recognized after drying by the de
pressions in the film. This defect is extremely 
rare. White spots, which on great enlargement 
are found to have sharply-defined irregular 
edges, usually angular, are the shadows of dust 
deposited on the emulsion before exposure to 
light. Little white spots with sharply-defin ed 
edges, circular or oval in shape, are generally 
due to air bubbles preventing the developer 
from coming in contact with the emulsion; 
they frequently occur when the developer has 
been diluted with water taken from a high
pressure supply , or with water at a lower 
tempera ture than t hat of the dark-room and 
which, on being wa rmed, liberates some dis
solved a ir. Air-bells adhering t o t he emulsion 
when the developer has not been poured uni
form ly on to the plate are usually of a sharply
defined rounded shape, but irregular. Lines of 
air bubbles are sometimes form ed when develop
ment hangers or holders of films a re used and 
are introduced suddenly into the developer. 1 

White or Clear Sp ots, R ound or Irregular, with 
Graded Edges. These spots are generally due to 
splashes of wat er on the emulsion, or to con
densation of mois ture when camera, slides, or 
changing box have been in a very cold atmo
sphere, and are brought into a warm place . 
Similar ci rcumstances sometimes prod uce mot
tled markings, or marks with a light marginal 
fringe. In tropical climates, spots arising from 
splashes sometimes have either a dark centre or 
a dark ring. 

Finger-markings. Finger-markings appear 
white a fter contact of dry fingers with the sur
face of the emulsion (and even with t he backs 
of the plates if the latter are piled toge ther after 
contac t). The slightest quantity of grease 
deposited on the emulsion prevents the pene
tration of the developer. Finger-markings will 
appear black if the surface of the emulsion has 
been touched with fin gers soiled with developer, 
fixer, etc. 

Black or White L ines. Lines, generally very 
fine a nd straight, are due to friction on the 
emulsion. The shutter of the dark slide may be 

1 T he inco mple tely swollen gelatine of plates, fi lms 
or papers wh ich have been immersed in a solut ion and 
wi thdrawn from it within 30 seconds is very likely to 
take a ir bubbles with it on fresh imm ersion. A bubble 
which is hemispherical when trapped by the emulsion 
tend s graCl uall y to b eco me spherical, so that its surface 
of con tact with the em ul sion dimi nishes during develop
ment; the white spots due to bubbles thus sometim es 
acquire a vignetted edge. In developers liable to give 
oxida tion fog, the wh ite spot may be surround ed by 
an opaque ring (J. 1. Crabtree and C. E. Ives, 1925). 

bent ; a sheath in a changing box may be bent , 
and thus rubs against the emulsion of the next 
plate; there may be a bnormal resistance to the 
pulling over of films in a bent film pack; the 
guide rollers may be working badly in a roll 
film camera, or it may be winding too tigh tly . 
Lines from these various causes are usual! y ligh t 
on a dark ground and dark on a clear ground. 1 

Dark Tree-like M arkings. E lectric discharges 
on an emulsion leave black brush- or tree-like 
markings. This trouble is hardly ever met with 
except on films,2 and only then in very dry 
weather (especia lly in frosty weather). It may 
be due to friction or merely to the unrolling of 
the spool. 

The I mage Appears as a P ositive . An image 
which has been considerably over-exposed may 
appear as a positive, altogether or partially; 
in such cases it is usually fogged. An image 
which at first appeared as a negat ive may 
during development be converted into a positive 
by the action of light (white light or unsafe 
dark-room lighting); it seems in this case tllat 
the first negative image protects the underlying 
emulsion against fog ; at the same time the 
sensitivity of the emulsion is decreased by the 
soluble bromide already set free by developmen t. 
Delayed reversal may also result from very long 
development in an extremely dilute developer ; 
the chemical fog of the unexposed regions 
becomes denser than the image itself . Finally, 
cases have been noted in which a very much 
under-exposed image develops directly as a 
positive, this reversal being favoured by an 
extremely shor t time of exposure; it seems in 
such cases that chemical fog is destroyed by an 
amount of light insuffi cient t o produce an image . 

Double Images ,' Ghosts. Th e superposition of 
two entirely different images is obviously caused 
by two exposures on the same plate or on the 
same part of a film . Very curious effects arc 

1 These lines are not to be confused w ith the broad 
and very opaque bands with diffused edges which are 
due to the passage of light between the sections of 
the curtain shutter o f a dark slide or changing box , 
nor with the broad black lin es with shaded edges which 
st a rt perpendicularly to o ne edge of the plate and end 
in a black disc (or vice versa) . These latter arc caused 
by the movement and subsequent stopping in front 
of the plate of a hole in the blind of a focal-plane 
shutter. (Such holes arc o ften caused b y burning of the 
rubber of the blind occasioned by the focussed image 
of th e sun .) 

2 Very small marks have, however, been noted o n 
plates. These ll1arks, the stru ctu re of which is only 
visible after magnification to at least ten diameters, 
are due to t he wip ing of t he glass sides of plates wh ich 
have then b een piled together. 
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sometimes caused, however, by the superposi
tion of two exposures without moving the 
camera; the shutter may have been opened 
twice or it may have rebounded, or it may be 
that the sensitive surface has remained un
covered for some time, and a second image has 
been proj ected by means of a hole in the front 
of the camera (generally due to the loss of a 
screw from the lens mount) ; one of these images 
is a lways so faint that only persons dressed in 
light colours standing near during or after the 
exposure appear in it ; such figures then appear 
as transparent ghosts. These effects are often 
att ributed to supernatural causes. 

Broad Transparent Shaded lVI ark, S tarting 
from One Edge. A very large out-of-focus image 
of a finger, held in front of the lens during 
exposure, so that it obscures part of the fie ld. 

Broad Light Bands P arallel to One Side of the 
Plate. When a focal-plane shutter is used , the 
rapid passage of an opaque body in front of the 
lens cuts out the image (or reduces its density 
if only a portion of the lens aperture is masked) 
on the parts of the plate which happen at that 
instant to be uncovered by the sli t of the shutter. 
This is frequently met with in photographs 
taken from aeroplanes wi th the camera po in ting 
across the propeller. 

432. Defects Appearing After Fixing. lVIilfly 
Markings with Diffused Edges, visible on the 
Back of the Negative or by Transmitted L ight . 
Fixation has been stopped too soon, and has 
left patches of silver bromide between the image 
and the support. 

Transparent Marks of Irregular Shape and 
with Diff1.lsed Edges . Local solution of metallic 
silver in an old fixing bath, which contains 
particles of rust , or in any fixing solution con
taining particles of potassium ferricyanide or 
other reagents capable of attacking silver. A 
clear mark may be produced by the prolonged 
action of a crystal of undissolved hyposulphite 
on a given tiny part of the emulsion. 

Blisters. Blisters may be caused, particularly 
on fi lms a nd papers, by bubbles of gas, which, 
instead of being liberated at the surface, are 
formed within the gelatine itself or between the 
latter and the support (immediate use of water 
delivered at too great a pressure; transference 
without intermediate rinsing from a developing 
solu t ion containing carbonate t o a very acid, 
non-harden ing, tepid fixing bath). 

Y ellow or Brown Stain, L ocal or General . 
General s tain may be due to the s taining act ion 
of products of development on the gelatine. 

This occurs if the developer is old and highly
coloured, or if i t contains insufficient sulphite. 
Stains in patches may be caused, especially 
with films and papers, on portions of the surface 
which during the first few moments of fix ation 
have not been immersed in the solution. Solu
tions of alum, sometimes proposed for the 
removal of these stains, are quite useless, but 
the stains may be destroyed as follows: After 
washing the negat ive, immerse it for about 
5 minutes in a solution of 5 per cent chrome 
alum, in order to complete the hardening of the 
gelatine and to avoid any softening during the 
further treatment, and then rinse it rapidly. 
Th e image is then bleached in a mixture of 
equa l volumes of the following solu t ions (A) 
and (B), which should be mixed fresh when 
required-

(A) Permanganatc o f p otash 

"Vater, to make • • 

(B) H ydrochloric ac id • 

'Vater, to make • • 

• 

• 

• 

· 45 gr. 
(5 gL) 

· 20 oz . 
( r ,ooo e.c.) 

• I oz. 
(50 e.c.) 

· 20 oz . 
(1,000 e.c.) 

After the image has been bleached it has a 
general brown colouration due to manganese 
oxide deposi ted in the gelat ine. The negative 
is rinsed and is placed in a 5 or 10 per cen t 
solution of bisulphite of soda until the brown 
colour has disappeared . The image is then 
blackened by treating it in an ordinary developer 
in full white light un t il no more white silver 
chloride remains visible through the back . 
Finally, wash the negative in two or three 
changes of water without fixing . The above 
treatment may be applied to a negative even if 
it has been dried. 1 

433 . Dichroic Fog. The fog generally known 
as dichroic, although it does not always show 
two complementary colours, most commonly 
appears greenish-yellow by reflected light , and 
pink or purplish by transmitted light . It con
sists of ultra-microscopic particles of silver 
(colloidal silver) formed when silver bromide is 
subjected simultaneously to the action of one 
of its solvents, and to that of a developer 
capable of reducing silver sal ts in situ as soon 
as these sal ts are dissol ved. 

1 The same acidified solution o f pcrmanganate or 
one which has been acid ified with sulphuric acid may 
be used to remove developer stains from fingers or linen ; 
the process is completed by washing first in a sol ution 
of bisulphite and then in pure water. 
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The conditions necessary for the formation 
of d ichroic fog may thus prevail during develop
ment and also during fixa tion. The milky 
appearance (by reflected light) of this fog often 
leads, in t he dim light of the dark-room, to its 
being mistaken for a residue of undissolved 
sil ver bromide. 

Dichroic fog ha rdly ever occurs during 
development, except in the under-exposed 
por tions of a negative where there is no silver 
red uced in its ord inary black condition, l and 
when development is prolonged in the empty 
hope of bringing up detail which the light has 
not registered or when slow-acting developers 
like h ydroq uinone or glyc in are used . 2 The 
solvent causing its formation may be hypo
sulphi te of soda acc identally introduced into 
the developer , or it may be a mmonia added as 
such or as an ammonium salt ,3 or it may be 
sulphite of soda used in excessive amount." 

If formed duri ng fi xation, dichroic fog may 
extend over the whole or pa rt of the negative 
without any rela tion between its dist ribution 
and that of t he image ; its formation is d ue to 
developer carried over in to the fixing bath by 
the gela tine of the negat ives. A neut ral fixing 
bath favo urs its formation because in such a 
solution the developer retains its activity until 
it has become diffused in to the bulk of the 
solut ion ; a very old fixing ba th also favo urs its 
production, beca use of the accumulat ion of 
developer in it. 5 In all cases the p resence of 

1 Where t he s il ver is alread y redu ced it plays the 
part of a nucle us o n which is de posited s ilver, w hich , in 
the clear parts, forms in t he collo idal cond ition . 

' The presence o f sulp hate o f soda in suitable con
ce ntratio n in the de veloper is usually suffi c ient to 
prevent formatio n o( di chroic fog under condit io ns 
which in the abse nce o f this substance w ould tend to 
p rod uce it (L. Lobel, 1920) ; the sulp ha te of soda (like 
every other salt which may b e a dded in la rge amounts 
wi t ho u t interfe ring with development ) coagula tes the 
colloi dal s ilver as it forms. 

3 Traces of ammon ia or of ammonium salts may be 
introd uced into t he d eveloper by t he emulsion it self 
(residu al a mmonia from the ri pening process left after 
inco mplete washing) o r by its support when the latter 
consis ts o f celluloid in w h ich urea has been used as a 
s tab ilize r; this urea be ing co nv erted into a mmonium 
carbonate in the d ev eloper. 

4 Luppo Cramer (I905). h owever, obtained dichroic 
fog in a de veloper contain ing only carbonate o f soda 
a nd a n a mino developing agen t , substa nces of t his 
latter class behav ing as feeble sol vents of s ilve r bro mide. 

S D ichro ic fog can, howev er, be formed in a fresh 
acid fixing solutio n i f tw o fi lm negat ives or paper prints 
adhere to o ne anothe r during fi xatio n, because in th is 
way the free a ccess o f t he fixer is prevented; the 
developer is thus in excess of the fi xer , a nd so t he ideal 
cond it io n for the formation o f collo idal s ilver is pro
vided. 

ammonia or of ammonium salts, and the 
exposure of the plate to light before fixation 
is complete are circumstances favourable to the 
appearance of dichroic fog. 

The occurrence of dichroic fog d uring fix ation 
is almost certainly avoided by rinsing negati ves 
between development and fixa tion, especially if 
the rinsing is done in slightly acidula ted water. 

The only practical reagent known to dissolve 
this colloidal silver 1 without attacking the image 
- th at recommended by J. H auff in 1894 was, 
for several years-

Sulpho- urea (thiocarbamide) , 

Cit ric acid • • • 

Water, t o ma ke • • 

• 

• 

· 35 gr. 
(2 grin.) 

· 18 gr . 

• 

( t grm.) 

4 oZ . 
( I OO c.c.) 

As the outcome of a n experimental study of 
this trouble, Lumiere and Seyewetz (1903) 
recommended bathing t he negative for 5 minutes 
in a 0.1 per cent neu t ral sol ution of potassium 
permanganate ; after rinsing, the negative is 
placed in a solmion of 5 per cen t to IO per cent 
bi<;ulphite of soda, in which the silver ox ide 
formed by the action of the permanganate and 
also the brown colour of manganese dioxi de 
formed in t he gelatine disappear. The process is 
finished by washing in two or three changes of 
water. 

434. Defects Occurring During Washing. R eti
culation. The reticulation of gela t ine, giving it 
the appea ra nce of gra ined leather or crocodile 
skin , is due to the excessive swell ing which 
may arise from various ca uses. One is t ransfer 
from a very concen t ra ted or wa rm fixing bath 
into cold water, especially if t he fixing ba th 
contains no alum. Another is a considerable 
difference in tempera ture, one way or the other, 
between t he developer and the fix ing bath . 
In general, re ticulat ion is liable t o be caused by 
any circumstance tending to cause very rapid 
swelling or shrinkage of the gelat ine, such as 
transfe r from a very alkaline bath to one which 
is st rongly acid, or inversely . When t he reticll
la tion is not very marked , it is sometimes 
possible to remedy it by placing the negative 
in alcohol (with film s, at least 2 0 per cent of 
water must be added to the alcohol), and t hen 
hardening it with alum, if necessary , before 

1 Even in te nse d ichro ic (og, be ing d ue to a v ery small 
a mount o f s ilver, which w ou ld not be noticed if present 
in the ord inary photographic form o ( black s il ver, may 
be transformed into s il ver chloride (as described for 
remov ing dev eloper sta ins) or into the bromide, and 
may then d ev elop in the ord inary way. 

2 See § 535. 

• 
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proceed ing to any other operat ion. . 
Frilling of the Gelatine at the Edges . ThIs 

defec t, which star ts as a kind of curling a long 
t he edges of the support , is due to the same 
causes as ret iculation; the same methoc s may be 
tried in order to prevent it. 

Fransparent or Clear Spots of I rregu.lar Shape. 
Local attack of the gelatine by liquefying 
bacteria d uring prolonged washing, particularly 
in warm weather. 

435. Defects Appearing During . or After 
Drying. Partial M elting of the Gelatme leadlng 
to Irregular Deformation of the I mage. The 
negat i ves have been subj ected t o a t emiJerature 
above the melting point of gelat ll1e whIlst 111 a 
wet a nd insufficiently hardened condition. 
They may have been placed too near a fi re or 
in t he d irec t rays of the sun . 

P atches of Uneven Density . Local variations 
in the rate of d ry ing due to changes of t em
perature , humidity , or speed of a ir currents . 
These patches may sometimes be got rid of by 
converting the im age into silver chloride and 
re-developing as described in § 432 for removll1g 
developer s tains . 

L ight Spots or M arhs with Darh Edges. These 
marks a re caused by drops of water left on the 
face of the ge la t ine during dry ing , or which 
have been splashed on t o its surface a fter it 
has al ready dried. In course of dry ing these 
splashes dry fIrst at the edges of the moist 
region a nd causes the particles of silver to be 
dragged from the centre t owards the edge. 
R e-wetting of the negat ive, followed by normal 
d ry ing , does not always provide a remedy for 
th is. 

Clear Spots of Bare Glass or F ilm. Local 
liquefaction of t he gelat ine by colonies of 
bacteria during very slow d ry ing in a warm, 
moist atmosphere . Clear, irregular spots may 
be d ue to the attack of various insects on the 
ge la tine. . 

Metallic S tains on the Edges of the N egahve. 
Opaque fog of a lustrous metallic appearance, 
genera lly seen only on the edges of the negatIve, 
may be d ue to the use of an exhausted developer 
with old emulsions , or t o a superfiCIal sulphldll1g 
of the silver by sulphuret ted hydrogen (often 
presen t in the a tmosphere o f industrial towns) . 
It may usually be removed by d ry rubbll1g wIt h 
chamois leather; in obs tinate cases, m oisten the 
leather with methylated spirit in order to 
increase the fr ict ion, but in any case rub very 
lightly. 

Traces of F oreign Matter Embedded in the 

Gelatine. Dust, particles of fibre, etc. , deposited 
by the washing water and not remo ved b>: a 
fin a l rinse in filtered water, or dep OSIted dunng 
dry ing . .. 

Distorted Films. A film whIch has been dned 
too rapidly (in too d ry and warm a ir) , under 
excessive tension, is often waved at the edges. 
The remedy consists in washing until t he 
gelatine is uniformly swolJen , and then dry ing 
under normal condi tions. 

White, Granular Deposit. Th is deposit, which 
is quite distinctly rough to the touch, is caused 
by the deposition of lime salts from a very 
ha rd water when no final ri nsing in soft water 
has been employed . It may be r emoved by 
washing in slightly acidified water (I per eent 
hydrochloric or acetic acid is suitable, but 
non-volatile acids must not be used ) and agall1 
drving. 1 

Wh~te, P owdery Dep osit. This is usually 
caused by a luminium sulphite deposited in or 
on the gelat ine from an acid-alum fix ing bath 
in which t oo much of the acid h as been neutral
ized. It m ay be removed by a few minutes' 
immersion in a solution of carbona te of soda 
(about 1 0 per cent) followed by wash ing in 
clean water. 

Y ellowish-white Opalescence. This veil is gen
erally due to t he deposition of sulphur in the 
gelatine caused by the acidification of a fixi ng 
bath conta ining insufficient sulphite, or by the 
use of an ac id fixing bath at t oo h igh a tem
perature, or by treat ing the negati ve wit h al um 
before or after fIxati on withou t intermedia te 
rinsing . The only possibility of dissolving t his 
sulphur without affecting the image is, a fter 
th oroughly ha rdening t he gelat ine, to try to 
conver t it into hyposulphite of soda in a warm 
solution of sulphite (10 per cent solut ion of 
anhydrous sulphite of soda, wa rmed to about 
IlOo F. ), in which it is a llowed to remain for 
some minutes. The process is fini shed by wash
ing in several change3 of water. The treatmen t 
is not successful with old negatives. 

Silvery-white OPalescence which is Y ellow by 
Transmitted Light. This variet y of white de·· 
posit, covering all or part of the image, and 
particularly parts which have been dried too 
rapidly (edges), is caused by too ra pid dehydra
tion of the gelatine by concentrated a lcohol 

1 A white vei l , localized or not, o f branchin g appear
ance, may be due to drying th e negative whil e it still 
contains an appreciable amou nt of soluble salts (in suffi 
c ient washing) , and it m ay t hen be got rid o f by simple 
washing in water. 
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(neat methyla ted spirit), especially if the 
negative has been washed in very hard water. 
It may be removed by washing in slightly 
acidifIed wa ter (see " White Granular Deposit " ), 
which method may a lso be employed as a 
preven ti ve. 

436. Defects Occurring in a Negative After 
Drying. Ink Marks or S tains of Aniline Dyes . 
Black ink s ta ins (indian ink excepted) or 
coloured stains arising from dyes or any coloured 
substance (including dust from a copying pencil ) 
disappear entirely under the treatment described 
in § 432 for developer stain. 

Brown or Black S tain Due to Silver N itrate. 
In printing with print-out papers which contain 
soluble salts of silver, a splash of water on the 
negative or the paper causes a transference of a 
littl e silver nitrate from the paper to the gela tine 
of the negative. This silver nitra te is gradually 
reduced under the influence of light, and gives 
a brown or black mark. This sta in is composed 
of s ilver in a considerably finer state of division 
than tha t of the silver in the image itself, and, 
as a rule, may be removed, without a pprecia ble 
weakening of the image, if the negat ive is 
treated with one of the weak silver solvents 
employed for des troying d ichroic fog (§ 433) . 

Broum Stains. Brown s ta ins may appear on 
a negati ve a fter the lapse of time ranging from 
some weeks to several years (more rapidly in a 
moist a tmosphere). This is due to the slow 
conversion into silver sulphide of silver hy po-

• 

• 

sulphite left in the negative a fter incomplete 
fixation or washing (in the la tter case there is 
often a general weakening of the image in tbe 
region of the sta in). There is no certain metbod 
of removing this kind of s ta in; it is often better 
to make a new negative from a print ta ken 
before the defec t arose, or to make, first, a 
positive transparency (§ 570) on a panchromatic 
plate through a deep orange screen, and then a 
fresh negative from tba t. The effect of the sta in 
is thus greatly reduced . 

Scratches . The effect of vari ous fine markings, 
produced by fri ction, may be reduced by 
varnishing the negative (§ 477) . 

Cracked Negative . A cracked negative, of 
which the gela tine film is in tact , may be saved 
by stripping the fi lm to a nother support (§ 482) , 
provided that the broken glass is at once made 
good. This may be carried out very simply as 
follows: Take an old, waste negative, and dip 
it in wa ter for a very short time, so that the 
gelatine does not swell appreciably , then slide 
the back of the cracked negat ive gently on to 
the moist gelatine so prepared. The very thin 
film of water interposed is absorbed by tbe 
gelatine and perfec t adhesion of the two nega
tives is then assured on account of atmospheric 
pressure. 

T he Gelatine F ilm Scales Off or B ecomes 
Powdery . This has frequently been noted with 
old negatives which have been hardened with 
formaline . 

• 



CHAPTER XXXIII 

REVERSAL PROCESSES: METHODS FOR OBTAINING DIRECT POSITIVES 

437 . General Considerations. We will firs t men
tion a method which cannot, properly, be con
sidered as a reversal process, but which is some
times employed for obtaining positive images 
di rectly. By developing so as to obtain silver, 
which is whitish by reflected light, and employ
ing plates in which the emulsion is coated on a 
black or very dark support, the image appears 
as a positive. This method is chiefly used for 
making" ferrotypes," form erly known as tin
types. 1 An ordinary negative image on a 
transparent support may also be made to appear 
as a positive if the black reduced silver is con
verted in to a white salt of silver, and the plate 
is then given a black backing. 2 

The methods of reversal, properly called , 
maybe classified as follows 3_ 

(a) By considerable over-exposure; the image 
is solarized (§ 204) and develops directly as a 
posit ive. 4 

(b) After normal development of a negative 
which has been normally expos d and has not 
been desensitized , only a part of the thickness 
of the emulsion will have been employed in 
obtaining the negative image; the remainder is 

1 A variation o f this method has been used by 
American military aviators (1925) in o rder to permit of 
the rapid examination of negatives taken during urgen t 
reconnaissances. The support in this case is of blue
v iolet celluloid. appearing a lmost bl ack by reflected 
light. but through which positive prints may be made . 
The image is negative fo r transmitted light although 
positive by reflection. 

2 This method is sometimes employed for printing 
fro m a very flat negative with which direc t printing 
is impossi ble. The negative is bleached with mercuric 
chloride (§ 447), rinsed, dried. and m ounted against 
a black ground . A copy can then be taken. 

3 A method of reversal, suggested by J. \ ·Vaterhouse 
(1890) and which on ly gave very inconsistent resu lts, 
consists in developing the image in a pyrogallol 
developer rendered alkaline by am monia, containing 
no bromide, but with t he addit ion of thio-urea or 
thio-carbamide. Reg ular resu lts cou ld be obtained in 
this way by keeping the developer at 53° F. (I. -G. 
Farben ind li s tr ic, I 931). 

4 The exposure necessary for solarization can be 
considerably reduced if the emulsion has been subjected 
to the action of reagents producing an intense chemical 
fog . Film s coated w ith such an emulsion (Direht 
Dupliliat ) have a speed comparable to that of emulsions 
for positive tran sparencies, and g ive by normal de
velopment fine g rain images (H . Arens, J. Eggert, and 
E. Heisenberg, 193 1) . 

still sensitive to light (although its sensitivity 
may have been reduced) ; it is therefore possible, 
by exposing the negat ive t o light , to produce 
in this residue a latent positive image which 
will remain exist, although weakened, after dis
solving out the silver of the negative image, 
and may be developed so as to give the final 
positive image (C . Drouillard, IgOI) 1 

(c) It has been noticed (J. G. Capstaff, I g2 I) 
that, after dissolution of the first image, the speed 
of the remaining silver bromide varies consider
ably from one point to ano ther, being the less 
at each point the more the quantity of silver 
dissolved there . As a matter of fact, the various 
grains of silver each have different speeds, and 
in each spot it is the fastest grains which, dur
ing the first exposure, are brought first into 
developable condition; thus there remains in 
the image of the shadows t he majority of the 
most rapid grains, while the slowest grains alone 
remain in the image of the high-lights. A uni
form exposure can therefore produce an effec t 
practically identical to that of exposures, vari
able from one point to anot her, corresponding 
to printing a positive under a negative; what 
happens is almost as if the second exposure to 
light be made under the first (negative) image, 
although the latter has been removed. Develop
ment and fixation are then proceeded with, just 
as wi th an image obtained under ordinary 
conditions. 

(d) In a negative which has been developed 
but not fixed there exist two images. These 
are complemen tary to one another, but generally 
of very unequal quality; one is the negative 
image, consist ing of reduced silver, and the 

1 A variation of this TI1ethod, involving th e Sabattier 
effect (§ 204), does not require t he di ssolution of the 
first image before the second exposure. It has been 
described by P. Leiber (1932 ). After as full a develop
rn ent as possible of the first image in a bath of which 
the ox idation p rod ucts do not prod uce a secondary 
image, th e plate or film is rinsed several times and is 
exposed to light for a suitable time, and is then 
developed in a developer produc ing a second ary image 
(pyrogallol or hydroquinone without sulphite or with 
very littl e sulphit e). After fixation the combina tion of 
the two superimposed images appears as a positi ve, 
well covered. All the silver in it is dissolved by means 
of Farmer ·s redu cer (§ 459). for in stance. and the 
secondary image is then intensifi ed (§ 350. footnote). 
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other is a positive image, consisting of the 
residual silver bromide. Whilst dissolving the 
silver bromide (fixation) only leaves the nega
tive image, the removal of the silver by a solvent 
having no action on the bromide leaves the 
positive image of which it suffices to bring the 

. silver bromide to the state of metallic silver or 
of some compound of suitable colour (c. Russell, 
1862) . 

438. We shall deal only with methods (c) 
and (d) , the only ones in current use at present. 

Reversal by a second, determined exposure 
(c) requires exact determination of the uniform 
exposure to be given (after dissolution of the 
first image) by preliminary tests on images taken 
under the same conditions as those to be 
treated. This method is only practicable in 
cinematography, in which case some pictures 
may always be taken from each scene. It is 
chiefly used for amateur films processed on con
tinuous machines with a device for automatic 
adjustmen t of the exposing light according to 
the average amount of silver bromide remaining 
after the dissolution of the first image1 

Reversal by the " residue" method is better 
suited for treating individual images. Various 
means of augmenting its flexibility will be 
described. 

It is obvious that reversal cannot be applied 
to plates or fi lms coated with several super
posed emulsions; the best results are generally 
obtained with sensitive material specially pre
pared for this treatment. 

Whatever the working method employed, it 
is essential that the first development be 
thorough, for the undeveloped latent negative 
image would be superimposed on the positive 
image, being able even to cause a reversal in the 
image of the high-lights. 

439. Dissolution of the First Image. The re
moval of the reduced silver is done preferably 
by means of an acid solution of permanganate 
(R. Namias, 1902), other silver solvents, and 
especially those containing chromic acid or 
bichromates in acid solution, constituting much 
more energetic desensitizers,2 

1 This adjustment is effected by means of a thermo
electric couple sensiti ve to a bean1 of infra-red light 
tranS111itted by an image without affecting its emulsion; 
a relay postpones this adjustment until the image that 
has been measured appears in the exposing window . 

2 The presence of chlorides in the reversing bath 
(chlorides in the water used, or in one of the reagents) 
causes irregular precipitation of silver chloride on the 
reversed image, giving rise to fog or stains appearing 
after development. To avoid these troubles (which 

. 

The reversing bath is made up when required 
by mixing equal volumes of the following stable 
solutions,-

Potassiuln permanganate 1 • • 3S gr. 
(4 grm.) 

Water, to Inake • • • • 20 OZ . 
( 1 ,000 c.c.) 

Sulphuric acid, 66° Be. 2 • • • 31 dr. 
(20 c.c.) 

\Vater, t o make • • • • 20 oz . 
(1,000 c.c.) 

The plate (or film) is placed in this bath, and 
the dish is rocked until the silver forming the 
first image has completely disappeared. The 
solution must not have a temperature above 
68° F., otherwise it may attack the gelatine. 
When the whole of the silver seems to be dis
solved, the plate is quickly rinsed and is then 
placed in a solution containing 2 per cent to 
5 per cent of bisulphite of soda, in order to 
dissol ve the brown manganese dioxide which 
has been formed in the gelatine, and to restore 
a normal sensitivity to the silver bromide 
desensitized by the treatment with permanga
nate . If it is found that traces of the first 
image still remain it is nece3sary to repeat the 
operations. 

Some workers, however, prefer to dissolve the 
image in a sulphuric solution of bichromate (1 
per cent of potassium bichromate and 1 per cent 
of sulphuric acid, this latter being measured in 
volumes) . The image thus reversed is, when 
finished, less contrasty th an an image reversed 
with permanganate (c. Emmermann and K. 
Brandt,1928). The bisulphite solution may then 
be replaced by a 5 per cent neutral sulphi te 
solution. 

are, however, infrequent, as the traces of silver chloride 
thus formed are dissolved in the sulphit e or bisulphite). 
t he addition t o the new bath of a very small quantity 
of si lver nitrate (some drops of a 5 per cent sol ution of 
silver nitrate) has been suggested. 

1 Potassium permanganate occurs as small crystals 
(K2Mn20S) which are dark violet in colour with reddish
brown sheen . The salt is not very sol uble in cold water 
(6 per cent at 60° F.). but is very soluble in warnl water; 
its solutions, which are violet, are so dark that it is 
hardly possible t o see whether all of the salt has 
dissolved. The dry salt and its solutions are stable. 
Permanganate produces a brown stain on all organic 
materials; the stain is instantly decolourized by bisul
phite of soda or hydrogen peroxide, or more slowly by 
oxalic acid. In Inaking up permanganate solutions 
acidified with sulphuric acid, never pour the concen
trated acid on the dry salt, as this causes an explosion. 

2 See § 364, footnote relating to t he use of sulphuric 
acid and its replacement by the acid sulphate of soda. 
Acetic acid of twice the volume may be used instead 
of the sulphuric acid. 

• 
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For reversal in hot climates, the use has been 
suggested (A. Seyewetz, I929) of the solution of 
ceric sulphate specified (§ 46I) as a reducer, this 
solution having the advantage of hardening the 
gelatine. 

440. Reversal by a Second, Determined Expo
sure. This method of operation, which in fact 
is equivalent to making a positive copy (§ 437 
(c) ),1 can produce a positive with pure whites 
whatever the amount of silver bromide available 
in the areas corresponding to the pure whites, if 
the uniform exposure," given to the emulsion 
after dissolution of the silver and re-sensitiza
tion, is suitably chosen. 

The average speed of the residual emulsion, 
always less than its original speed, is increased 
si nce the first development, owing to a shorter 
first exposure, has affected a sm aller number of 
sensitive grains. The necessary exposure depends 
both on the extreme luminosities of the subject 
and on the conditions of the first exposure. In 
the case of a subject of which the extreme 
luminosities have a range of 32 to I, a suitable 
choice of the second exposure enables positives 
to be obtained which are practically identical 
with values of the first exposure within a range 
of I6 to I. 

In the absence of an automatic regulator of 
the second exposure (J. G. Capstaff, I927), or 
of an opportunity for taking a sample, it is 
possible to give at first an exposure that is 
decidedly insufficient and, after curtailed de
velopment, estimate from the charac ter of the 
image the supplementary exposure required, 
which supplementary exposure can, furthermore, 
be given in several stages, each time after 
partial development of the preceding impression 
(V. B. Sease, I93I). 

441. Reversal by Blackening the Residual 
Silver Bromide. Reversal by a "residue" 
method has the disadvantage that, as a rule, it 
gives, with ordinary plates and films, fogged 

1 A contributory cirCUl11stance accentuates the local 
differences in speed of the residual s ilver halide: dur
ing the first development soluble bromide and iodide 
are formed and the latter reacts at once on'the adjacent 
silver bromide, Changing it superficially into silver 
iodide, which is much less rapid; this effect is obvi
ously the 111 0 re Inarkecl in a given point the greater 
the amount of the silver that has been reduced there 
(H. Baines, 1936) . 

2 Exposure to light by the back surface should extend 
a l ittle the range of luminosities that the sensitive layer 
can differentiate (F. Leiber, 1932). Exposure to light 
of a wet sensitive layer generally leaves traces of super
ficial trall s of liq uicl; the surface to be exposed luust 
therefore be squeezed off, or the exposure nlust be effect
cd under a depth of still water. 

images. That is because there is more silver 
bromide than is necessary to give a satisfactory 
negative and positive. 

If, in order to obtain the final positive, all 
the silver bromide which h as not been used to 
produce the first negative is developed, pure 
whites cannot be obtained unless in the image 
of the whites all the silver halide has been 
brought into developable condition during the 
first exposure and then developed. This expo
sure must therefore be longer as the sensitive 
emulsion has a greater weight of silver bromide 
per unit of surface . With a given emulsion the 
maximum speed can be obtained only by reduc
ing the emulsion thickness to the minimum 
necessary to form the image of a normal subj ect. 
This m ethod is therefore in curren t use only for 
thin specially prepared emulsions (plates and 
films with a mosaic trichrome screen for direct 
colour photography; reversible film for am
ateur cinematography; papers used in automatic 
portrait machines).1 Contrary to the instruc
tions given in the case of negatives fixed 
after development , the exposure must be regu
lated only according to the brightness of those 
high-lights of the subject that are to be repre
sented in the final image by the lightest grey 
that can be differentiated from white. 

The chief disadvantage of this method is the 
total lack of latitude in exposure and, indeed, 
the impossibility of rendering correctly, what
ever the exposure, a subject of which the extreme 
luminosities slightly exceed the range permitted. 
Owing to the fact that the content of silver 
bromide per unit of surface has been reduced 
in order to enhance rapidity, contrast would, in 
fact, be reduced i f a more contrasty emulsion 
were not used. 

After dissolving the first image, clearing with 
a bath of bisulphite (§ 439) and rinsing, the 
residual silver bromide is placed in a developer 
in a weak light, or after a fairly ample exposure 
to light, or finally after it has been acted upon 
by a solution causing a very strong fog." It can 

1 It has, however, been possible to obtain excellent 
results with sensitive materials prepared for other 
uses, especially with many positive papers. by pro
longing considerably the duration of the first develop
ment of a slightly over-exposed image, 45 luinutes for 
instance, for papers of which developluent normally 
requires scarcely 2 minutes (G. Schweitzer, I935) . 

2 To avoid the alternation of acid and alkaline solu
tions, which in warnl weather lnay cau se excessive 
swelling of the gelatine, the developer recommended 
by Pathe-Cinema for reversing" Baby" cine fl lnl (I923) 
is a solution of hydrosulphite of soda acidified with 
bisulphite of soda. 
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also be treated with a solution reducing the 
silver halide, or by a solut ion of a sulphide 1 or 
by a sulphurizing mixture (§ 589) . 

To permit the use of thicker emulsions and 
then correct under-exposure, R. E. Liesegang 
(1925) proposed giving to the film, before 
development, an auxiliary exposure such that 
the sum of the intermedia te image it self and 
the general fog so produced uses up the whole 
of the silver bromide of the emulsion in those 
regions corresponding wi th the high-lights. The 
amount of the auxiliary exposure is determined 
by systematic trials on images similar to those 
wh ich a re to be reversed. 

442. Reversal by Means of Residual Silver 
Bromide of which the Excess is Dissolved to an 
Accurately Determined Degree. In the method 
of reversal by total blackening of the res id ua l 
silver bromide the only correct exposure is tha t 
which allows the first development to reduce a ll 
the silver bromide in the image of the whites of 
the subject,2 and only in the image of these 
whites. A shorter exposure would leave in these 
a reas available silver bromide and would, there
fore, represent the whites by a greater or less 
density of the final image. Such an under
exposure can be corrected a fter dissolving the 
silver of the first image by d issolving a certain 
amount of the residual silve r bromide (J. G. 
Capstaff, 1923) . The image is immersed for an 
accurately determined time in a d ilute fixing 
solution, the opera tion being adjusted so that 
no silver bromide remains in t he regions corre
sponding with the high-lights of the final image; 
the best condit ions are determined by tria ls with 
images which are identical with those which are 
to be reversed. 3 

A variant of th is method, which is really of 
older date , for it was specified in the instruc
tions for trea tment of the Autochrome plate 
(L. Lumiere, 1906), consists in effect ing the 

1 It must be remembered that a ll work with sulphides 
must be d one o utside the dark-room and away from 
st ores of scnsiti ve materials . 

, T he density which can be obta ined by t he reduc
tion of all the si lver ha lide (t otal b lackening) is a lways 
greater than t hat which can be obtained by develop
m ent of the strongest possible light impression (sola r iza
t ion density). The difference between these two den
sities would represent, in the absence o f the solvent, the 
fin al density of the high-ligh ts (L. Lobel, 1927- 1928) . 

3 Results as good. if not better (F. Lapeyre. 1935) 
have been obtained o n films for di rect colour photo
graphy by trea ting the redeveloped image wit h a super
ficial reducer, th e author of this method having a 
preference for t he bichromate reducing bat h (§ 439) 
diluted with 20 times its volume with water. 

first development in a developer containing a 
solvent, usually ammonia, 1 but sometimes also 
hyposulphite, sulphocyanate or cyanide. A 
strong developer is used in which development 
is complete in about 2 minutes, after which 
prolongation of immersion in the bath merely 
eliminates gradually the silve r halide, which 
according t o the composition of the developer 
remains in solu t ion or is deposited both on the 
plate and on the sides of the dish as metall ic 
silver. The total blackening is thus progres
sively decreased, thus approximat ing to the 
maximum developable density, and thereby 
permitting pure whites t o be obta ined in the 
reversed image. It is understood that in this 
particular case under-exposure may be com
pensated by a prolongation of the t ime of 
development. The presence of the solvent is 
equivalent in some degree to an increase of t he 
sensitivity of the emulsion, reckoned in terms 
of the final positi ve image (L. Lobel, J. Lefevre, 
M. Dubois, and J. Vidal , 1927- 28) . 

It must be remembered that, on account of 
reversal, the characteristics of the resultant 
image are, in case of faulty working, very 
different from those ordinarily a ri sing from the 
same errors. Thus, fog in the first image results 
in weakness or absence of the final image. 
Insufficient density corresponds with over
exposure or over-development of the flrst image, 
whilst a very dark image, even in the " whites," 
corresponds with under-exposure or under
development of the intermediate image. It is 
preferable to use baths of which the formu lae 
are recommended by the maker of the emulsion 
employed. 

443. Various Other Methods. By means of 
the Herschel effect (§ 197) it is possible to obtain 
reversed images on transparency plates. The 
plate is uniformly fogged in white light and then 
exposed in red light under the negat ive to be 
copied. The time of exposure to red light can be 
much shortened by impregnating the emulsion 
with a desensiti zing dye and potass ium bromide 
after the un iform exposure to white light. 

A. and L. Lumiere and A. Seyewetz (19II) 
suggested t he following procedure : after re
versing, washing, and prolonged exposure to 
light, d issolve the silver bromide and develop 
by the method of development a fter fixation 
(§ 396). 

1 A very small quantity of ammonia can have a 
considerable effect, for this reagent regenerates itself 
in proportion as the soluble compound formed is 
red uced by the developer. 

, 
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When it is required to produce, not direct posi
tives from original subj ects, but negative copies 
of negat ives (direct reproductions) or direct posi
tives by printing from a positive transparency, 
, 'cry various methods may be employed, Their 
applicat ion presents no difficulty except, per
haps, from the indust rial standpoint of the 
slowness of printing, Notable among these 
methods of print ing are the dusting-on process, 
employing a coating of bichromated syrup 

2o-(T ·S630) 

(§ 678), as used also in making photographic 
enamels; the hydro type methods, which ma kc 
use of the differences of permeability ot a 
layer of bichromated gelatine after exposure 
to light under a photographic image, so that 
certain colouring matters are fixed only by those 
parts of t he layer which have been more or less 
protected against light-action, and in a way 
almost proportional to the density of the image 
used as original (§ 675) ; also diazo type (§ 693) , 

, 



CHAPTER XXXIV 

ME THOD S OF AFTER-TRE ATME NT: I NTENSIFICATION , REDUCTION, W ORKI N G- UP, 

RE TOUCHING 

444. General Considerations. Of the various 
corrective operations described in this chapter , 
intensification and reduction a re purely chemical 
manipulations, whilst the others, retouching, 
etc. (including the local application of in tensifiers 
and reducers) , are processes requiring manua l 
skill, and presuppose some artistic kn owledge 
(ideas of values and ability to draw, knowledge 
of anatomy for those who are concerned with 
port rait retouching) and the mastery of a specia l 
technique (in version of values). We propose to 
deal chiefly with chemical methods here, because 
retouching, properly called, cannot very well be 
taught from a book. 

Under the name of intensification are included 
all processes which, after the negative has been 
made, a llow of increasing the various densities 
of the image in such a way that the difference 
between the extreme densities is increased , as 
a lso is the contrast . On the other hand, reduc
t ion comprises a ll methods which allow of 
decreasing the different densit ies of a photo
graphic image with or without decreasing the 
difference between extreme densities. 

The operations of intensification and reduc
tion were of great importance in days gone by , 
when negatives had to h ave almost the same 
range of densities in order to suit the few 
methods of prin t ing which were then available, 
and, moreover, when the shadows in negatives 
had to be almost completely transparent lest 
the already long duration of printing in daylight 
became excessive. 

n ormal development, it is often better t o confme 
oneself t o using a more intense light for printing, 
or a longer time of exposure, ra ther than to risk 
the destruction of the scale of tones by reduc
tion. 1 

In the case of a negative having a very grea t 
scientific or documentary value, it is usual to 
refrain, even in the most extreme cases, from 
all attempts at direct improvement. Instead, 
a positive transparency is made from the nega
tive under the best possible condi tions; on this 
posit ive any intensification or reducing which 
may be necessary is carried out , and then a 
reproduction, forming an improved duplicate 
of the original negative, is printed. By taking 
the precautions necessary to preserve the sharp
ness of the image in the course of successive 
printings, and by choosing for each one of th e 
printings an appropriate method (§ 570) , it is 
possible to obtain from a very mediocre negative, 
without any corrective opera tion whatever, a 
very satisfactory reproduction, in which the 
contrast is increased or diminished to the 
desired degree.2 

(a) I NTENSIFICATION 

445. Choice of Method of Intensification. Th e 
method which, unfortunately , is generally em
ployed (bleaching the image in mercuric chloride 
and blackening with ammonia) has contributed 
not a li ttle t o the discredit of intensification; 
it destroys the deta ils of the shadows and blocks 
up the high-lights ; in addition, a negat ive 
intensified by this method is very unstable, the 
image gradually fading without the possibili ty 
of renewing i t by any method whatever. F or
tunately, it is very far from true t o say that all 

The great variety in the characteristics of 
different sensitive materials now available a llows 
of successful printing from negatives having 
widely different ranges of density . Thus, unless 
a given printing ]Japer is chosen a priori, one 1 The intensification or reduction of film negatives 

which have a coating of gelati ne on the back often 
may almost a lways avoid intensification or leads to local stains, which occur in the gelatine backing. 
reduction of the negative. \,yhilst intensification, They are due to insufficient washing. When this occurs 
as suitab ly carried out on a negative which has the gelatine backing may be removed (§ 485). 
been fixed with the precautions ad vised , is an ' It has been suggested that negatives should be 

intensified by doublin g them w ith a thin sheet of cello
operat ion which does not enta il much risk, th e phane sensitized with diazo compounds, copied from 
same cannot be said for reduction, in which the negative and developed dry. The same technique 
there is always an element of uncerta inty, would decrease contrasts, giving the same eflect as a 
especially when it is applied to an already dried proportional reduction, if the copy is made from a 

positive which has been printed by contact from the 
negative. Moreover, in the case of very dense negative requiring correction (H. n.abel and F. Lich
negatives, such as result from long exposure and tenstein, 1929) . 
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methods of intensification meri t the reprobation 
which is rightly applied to that just cited. 

The principal advantage of intensifica t ion is 
that it permits the cont rast of a negative t o 
be increased after it has been examined under 
bet ter conditions tha n by the non-actinic light 
of t he dark-room. Properly-conducted intensi
fica tion may be made to give the same results 
as would have been obtained by prolonging 
development; it can even give better results , 
for example, when it is feared that, after a 
cer tain stage of development , fog may develop 
more rapidly than the image itself . 

To be effective and certain, a method of 
intensificati on should increase proportionally 
the different densities of a negative, or a t least 
it should not depart too fa r from this propor
t ionali ty . F or this reason, one should mist rust 
intensifiers which yield negatives which . are 
" too clean" ; the extreme clearness of the 
in tensi fied negative shows that the fog has not 
been intensified a nd consequently the shadow 
tones also have not been increased, in spite of 
the fact that it is precisely these parts of the 
image wh ich generally are in greates t need of 
intensification. The use of such an intensifier 
should therefore be confined solely to black a nd 
whi te subjec ts, that is to say, to copies of 
pen-and-ink drawings or similar originals. 

It is essential tha t the in tensified image should 
be no more unstable than the original negative. 
It is ad van tageous, last ly, if the in tensified 
image can, if necessary, be furth er intensified 
or reduced at pleasure, if the optimum condition 
has been passed . 

It may be added tha t the eye is a very bad 
judge of the effec tiveness of a method of in
tensification, and that visual methods of photo
met ry fail when the image is not qui te neutral 
(L. P. Clerc, I 9I2). Thus, for example, the 
application to a photographic negative of one 
of the treatmen ts , which will be described later 
under the name of "sulphide toning," gives 
an image which is less vigorous according to 
v isual examination, but the effective contrast 
is augmented for print ing purposes (A. H. Nietz 
and K. Huse, I9I8) . 

'We recommend the photographer who wishes 
to determi ne for h imself the effectiveness of an 
in tensifier to in tensify ha lf of a spare negat ive , 
and to print separately on the same paper the 
bes t possible print of each ha lf, comparison being 
made on the prin ts. 

446. In spite of the great variety in the 
methods of intensification, there are fairly 

narrow limits in the choice of a method giving 
the best result in a given case. 

The amateur photographer will , as a rule, 
prefer methods by which intensification is 
brought about in a single operation (mercuric 
iodide intensifier), which makes control easier , 
or t hose methods which do not require the use 
of poisonous materials (chromium in tensifier). 

The physicist will prefer, in certain cases, the 
only method yielding exact proportionali ty 
between densities before and after intensification 
t ogether with perfect stability of the image 
(negative bleached with mercuric chloride and 
then blackened with ferrous oxala te). 

The maker of black and white reproductions 
has often no interes t, indeed sometimes just th e 
opposite, in preserving the t ones of the nega
tive, 1 especially when these tones are only d ue 
to slight spots or t o inequalities of illumina tion 
of the original, and he is therefore only concerned 
with the increase of contrast; the negative, 
bleached in mercuric chloride , is blackened by 
a mmonia if only moderate intensificati on is 
required and if the negative need not be pre
served; or in silver cyanide, if considerable 
intensification is sought. 

Las tly , t hose meth ods which give great 
intensification are specially useful in saving neg
ives which have only a faint trace of image and 
which cann ot be replaced under better conditions. 

The use of mercury intensifiers is to be avoided 
for very small negatives which require consider
able en largement, because the graininess is often 
very much increased. A negative or positive 
which is to be preserved should not be treated 
wi th a salt of mercury unless subsequent treat
ment is given , which reduces the mercury to the 
metallic state, or to the sta te of sulphide; in 
any other case the image is certain to be 
destroyed aft er a more or .J ess prolonged period. 

447. Mercury Intensification in Two Succes
sive Baths. \Vhen a negat ive, in which the 
image is almost wholly met alhc silver, is treated 
in a solution of mercuric chloride," the silver 

1 Vei l o r spots in the ground are, in this case, fre
q uently removed before intens ification by means of 
superficial red uch an . 

2: IVlercuric chlori de, commonly k nown as bich/oJ'ide 
of ?nercury o r corrosive sublima.te, is a colourless salt, 
crystallizing in need les , though it is gen erall y sold in 
pieces of fi brous appearance. I t is very dense (speci fi c 
gravity 5'4 ), and is not v ery soluble in pure water 
(abou t 7 per cent at 60° F.); in w arm w ater its so lu
b ili ty is greater. I t is volati le and is carried over in the 
steam from a boilin g solution. I ts solu bility is increased 
by the presence of acid or of ammo nium chloride. It 
is v ery soluble in a lcohol. Mercuric chloride, like a ll 
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is converted into a double mercurous-silver 
chloride, 1 a complex white salt having proper
ties which are slightly different from those of 
a simple mixture of silver chloride and mer
curous chloride or calomel. In this way the 
silver adds to itself about double its weight of 
mercury (200 parts of mercury to 108 parts of 
silver). At this stage of the operation there is 
exact proportionality between the original 
density and the new density, the latter being 
considerably less than the original density. 

As a rule, a solution is used containing about 
260 gr. of mercuric chloride and 50 minims of 
hydrochloric acid or nitric ac id in 20 oz. (30 

grm. mercuric chloride and 5 c.c. acid in 1,000 

c.c.). Such a solution hardly deteriorates at 
all on keeping; used sol utions may be kept 
for furth er use until the active substance is 
exhausted. 

During the first few moments in the bath 
the image darkens, and by transmitted light 
shows a violet tint; it then gradually becomes 
white. For proportional intensification the 
treatment is continued un ti l the image, when 
viewed from the back, is seen to be completely 
whitened. In the case of a hard negative in 
which it is desired to intensify the parts of least 
density , the act ion of the mercuric chloride may 
be interrupted before the heavier densities are 
completely bleached. 

After it has been removed from the bleaching 
bath the negative must be washed in several 
changeso f wate r before being darkened" Similar 
careful washing must also be carried out after 

other salts of merc ury, is a po iso n which may be sold 
o nly by regis tered pharmacis ts ; its solutions sho uld 
not be allowed to tOLich the skin if the latter is broken. 
Merc ury salts as a gro up attack many Inetal s (gold, 
si lver, copper, etc.). which are thus amalgamated . 
Alumin ium is strongly attacked by it, y ieldi ng thread
like depos its of a lumina. Sol utio ns o f merc ury salts 
must not be a llowed to touch any metals , espec ially 
jewellery, and for this reason rings must be take n o ff, 
and watches mu st not be touched by flngers moistened 
with t hese solutions. In the case of a neutral solutio n, 
a small amount of mercuric chloride is unifo rmly 
retained by the gelatine of negatives which have b een 
bathed in it. 

1 The chem ical react io n is represented by the equa~ 

tio n 
Ag + 1 fge l, AgH gCI, 

Sil ver MerclLri c c hloride l\'1 crcurous-silver c hlor ide 
2 Thi s washin g should preferably be done with water 

s lig htly ac id ified with hydrochloric acid, in order to 
dissolve the merc uric chloride reta ined by the gelatine . 

The layer of gelatine being often very rough after 
treatment with mercuric c hlorid e, any friction o n the 
image or by a strong jet of water can cause tears that 
after blackening show a s pin-holes. 

darkening by any of the processes now to be 
described. 

448. Darkening with Ammonia. The image, 
bleached and washed as described above, turns 
brown and then black almost instantly when it 
is placed in a very dilute solution of ammonia 
(about 4f dr. of strong ammonia in 20 oz. of 
water, i.e . 30 c.c. per litre). The greater part 
of the silver chloride in the image is dissolved 
by the ammonia and takes with it an appreciable 
amount of the mercury, whilst the residual 
mercuric salt is con verted into a black substance, 
which is very opaque but not very stable. 1 If 
the image fades after such intensification it 
cannot be regenerated. 

The ammonia solution employed for blacken
ing each negative must be thrown away a fter 
use . 

As we have already noted, this method of 
intensification, which is not suitable for nega
ti ves in t one nor for those to be kept. re
duces the clear tones (or at any rate does not 
intensify them) whilst it strengthens the heavy 
densities. 2 

Transfer from a very ac id bath to an alkaline 
bath often causes numerous ma rkings and some
times reticulation of the gelatine ; it has been 
recommended, in order to diminish the liabil ity 
to these defec ts, to avoid all rubbing of the film 
during and after its treatment with ammonia , 
a nd to add a lum (a bout 3 per cent) to the 
solution of mercuric chloride. 

449. Darkening with Sulphite of Soda . A con
siderable improvement in the mercury intensi
fication process is made by using sulphite of 
soda (c. Scolik, 1884) instead of ammonia for 
darkenin g the image . 

The image darkens almost instantly in a 
solution of sulphite of soda ; half of the silver 
is found in the darkened image, together with 
a quarter of the mercury which was associated 
with it, both metals being for the most par[3 
reduced to the metallic condi tion (Chapman 

1 The merc uro us chloramide thu s fo rmed has the 
formula Hg,H,NCI. 

, The optical density is m ultiplied by a factor varying 
fro m 1'4 to 1'7 in the de nser parts of the image. the 
higher values o f th is factor correspond ing general ly 
with the use o f a dilu te solutio n of am monia in whic h 
th e negative h as been allowed to remain fo r a time on ly 
suffic ient just to blacke n the image th rou ghout its 
thickness. 

3 The presence o f a small am ount of s ilver chlo rid e 
in the image can b e demonstrated (as a lso in the case 
of images darkened by ammonia) by the fact that t he 
densities a re slightly decreased when the negative 
is placed in a solution of hyposulphite o f soda. 

• 

• 

, 
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Jones, 1894), whilst the other half of the silver 
and three-quarters of the mercury go into solu
tion as complex sulphites. Secondary reac tions 
also slowly occur between t he metals in the 
image and in the solution, if the contact is main
tained; there is a deposition of silver, which is 
to some extent added to the image, and t o some 
extent replaces part of the mercury. 

As a rule, a solution of about 5 per cent of 
anhydrous sulphi te of soda (or 10 per cent of 
crys tall ized sulphite) is employed in a slightly 
acid condition; the acidificat ion is effected by 
the addition of bisulphite of soda or of an acid. 
Solutions which have been used must be thrown 
away afte r treatment of each negative. 

The intensification becomes a little more 
energe tic if, instead of converting the image 
into the mercurous-s ilver chloride, it is converted 
into the corresponding bromide. This may be 
done by bleaching in a solut ion containing 
equa l weights of mercuric chloride and potassium 
bromide (about 260 gr. of each salt dissolved 
separately in 10 oz . of water and then mixed, 
i.e. 30 grm . of each in 500 c.c. of water). In 
addit ion, some of the irregulari ties of intensi
fication are diminished, due to the fact that 
silver bromide is much less soluble than the 
chloride in solutions of sulphite of soda. 1 

In either case the intensified image is quite 
stable. 

450. Darkening with Ferrous Oxalate. By 
means of a ferrous oxalate developer (§ 346), an 
image which h as been bleached in mercuric 
chl oride is reduced completely to the meta llic 
condi t ion without exposure to light being neces
sary . This process is so exact tha t sati sfac tory 
photometric measurements may be made of the 
lower densities after intensificati on, the propor
t ional factor for the increase of density being 
appl ied . If the gelat ine is hardened and other 
suitab le precautions are taken, including in ter
mediate washing, the whole SE t of operat ions 
(bleaching and blackening) may be repeated as 
many times as desired , the densities and contrast 
increasing each time with exact proportionality . 2 

The developer may be used several times over. 
This method of intensificat ion is only to be 

1 \Vhibt. after bleaching in mercuric ch loride, t he 
fac tor of the in crease of densities for an image darkened 
in sul p hi le ranges fro m 1 ' 0 to !' 2 when one goes fro m 
low dens il ies to high , these values increase to between 
!'2 and l' U when the negative is bl eac hed with merc ur ic 
brol'uide (or in a mixtu re o f equi valent am ounts of 
mercuric chl orid e and potassium bro mid e). 

2 The factor fo r g rowth of dens ity is '-4 5 fo r each 
in tensification . 

recommended fo r certain scien tific applications 
of photography. 

451. Darkening with an Organic Developer. 
Common developing solutions are capable of 
darkening images which h ave been bleached in 
mercuric chloride or bromide. Due t o the chem
ical reducing action of the developer, the greater 
part of the metals which would be d issolved in 
solution of pure sulphite is reduced t o the 
metallic condition, though the reduction is 
never complete. Amidol, whilst it is far from 
giving the greatest intensification , gives very 
sat isfactory proportionality between the den
sities before and after intensification 1 

Whatever the developing agent, each portion 
of the solution sh ould be used once only . 

452. Variotls Other M ethods oj Darllening. 
A great number of reagents have been suggested 
for darkening images bleached in mercuric 
chloride; hyposulphite gives only a negligible 
intensification, except for the accidental forma
t ion of sulphide which generally occurs as stains 
in the lighter parts of th e image. 2 Sodium 
monosulphide is very largely employed for 
blackening in tensified images on wet collodion 
plates, and in such circumstances g ives excellen t 
results ; its application to gela tino-bromide 
pla tes is, however, dangerous, because of the 
intense fog which appears if a li t tle of the 
mercuric chloride h as been retained by the 
gelatine. Other solutions which may be men
tioned as capable of giving st rong intensificat ion 
are as follows : a very dilute solution of caustic 
soda, to which formaline has been added (Blake
Smith, 1901), a solu tion of stannous tartrate 
prepared when required for use b y dissolving a 
little stannous chloride in a dilu te solution of 
ta rta ric acid (R elain, I 90I ), and many other 
substances wh ich a re reducing agents in the 
chemical sense. 

Special mention should be made of the process 
of darkening by means of silver cyanide (D. van 
Monckhoven, 1879), which is freq uently used 
commercia ll y in the copying of originals, since 
it reduces the lower densities (fog, etc.) at the 
same time that it increases the lligher densities 
considerably . The darkeni ng solu ti on may be 
prepared by d issolving 1 oz . of s ilver nitrate 
in about 10 oz. of wate r (25 grm. in 500 c.c.) , 

1 The val ue o f the prop ortio nal factor is abou t 1 ' 1 8. 

2 There have been placed o n the market , und er th e 
name of magic photographs, positi ve prints which have 
been bl eached in mercuric ch loride. "\'hen th ese arc 
moistened w ith water and pressed into co ntact with 
paper wh ich is impregnated with hyposu lphite (s uppli ed 
with the prin ts) the image reappea rs . 
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and adding in small quantities at a time a 
solution of 175 gr. of pure cyanide of sodium 1 

or of potassium in about 4 oz. of water (20 gnn. 
in 2 00 c.c.) until the precipita te first formed is 
almost en tirely redissolved. The volume is then 
made up to 2 0 oz. (1,000 c.c.) with water. The 
solu tion may be used several times over. 

453. Single-solution Mercuric-iodide Intensi
fier. Intensification in a single solution of 
mercuric iodide 2 was descri bed in 1879 by B. J. 
Edwards. Since mercuric iodide (or bi-iodide 
of mercury, a very heavy red salt, generally 
supplied in the form of powder) is insoluble in 
water, this author proposed dissolving it in 
a mixture of potassium iodide and of hyposulp
hi te of soda (in each of which it is separarely 
soluble) . Later, it was found (Lumiere and 
Seyewetz, 1899) that the use of sulphite instead 
of hyposulphite permits a slightly more vigorous 
in tensi fication . 3 

The following baths are used-

Potassium iodide . 

Soda sulphite, anhydrous 

i\ \crCllric iodide 

H yposulphite of soda 

• 

• • 
• 

I 
Edwards 

180 gr. 
(20 gnn. ) 

180 gr. 
(20 grill .) 

180 g r. 
(20 grm.) 

II 
Lumihc and 

Seycwc/z 

900 gr. 
(100 grm.) 

90 gr. 
(10 g r m.) 

Wate r, to make 20 oz. 20 oz. 
(r,ooo c.c.) (r,oooc.c.) 

The first of these solutions contains no 
oxidizable product , and is more stable than the 
second. Both can be kept for a long t ime in the 
dark (earth enware bottles, or glass bottles 
covered with black paper). The solutions may 
be used many times, so long as they are kept 
away fro m light when not in actual use . 

In these baths the image is intensifi ed progres
sively without changing its appearance; the 
silve r is converted in to iod ide, whilst at the same 
time metallic mercury is deposited on it. 4 The 

1 See not e t o § 398 concer ning the poisonous actions 
of the cyan ides. Solutions of cyan ides should always 
be made up cold. 

2 See note to § 447 concerning the p oisono us actions 
of mercury salts and t h eir action o n metals (jewellery , 
etc.). 

3 \Vhi ls t a negative which has been fixed in a fresh 
bath m ay be thu s intensified after very brief washing, 
a yeltow fog wi ll resu lt, du e t o precipi tation o f silver 
iodide. if the negative has been fixed in a bath con tain
ing m uch si lver salt and is badly washed, 

4 I t seem s that the series o f reactions occ urring in 
this intensification p rocess may be represented by the 
eq uation s 

zHgl , + zAg = H g,T2 + zAgl 
l'ol ercuric iodide Silver 11crcurous iodide Silver iodide 
i-fg,I , + zNa,SO, = H g + i-fgI 2' zNa2SO,. 

Mercurous iod ide Soda sulphite Mercury t'. lercuric iod ide dissol ved 
in t he sulphite 

process is stopped when the desired degree of 
intensification has been obtained; the negat ive 
is t hen thoroughly washed. 

The image intensified by method I is slight ly 
more stable t han t hat intensified by method II. 

In moist air, though more slowly in dry , an 
image intensified in this way becomes yell owish 
(probably due to the formation of acorn plex of 
mercuric oxide and si I ver ioel ide) . A bsol u te 
stabil ity can be confer red on the image by plac
ing the negative, after washing, in an ordina ry 
developing bath , which reduces the silver iod ide 
to metallic silver, or in a I per cent solu tion of 
sodium monosulphide (§ 589) which changes the 
two metals into sulph ide without appreciably 
modifying the densities of the image. 

A negative, which for the lack of these pre
cautions has suffered th is altera tion of colo ur, 
may at any time be b rought back to its original 
condition after intensifi cation by treating it for 
a sufficient time with a developer or with the 
sulphide solution. 

The action of this intensifier is not propor
tional (Nietz and Huse, 1918); the action is 
greatest with the lower densi ties, ' which is a 
considerable advantage in most cases of prac
tical interes t, the shadow parts of a negative 
requiring more energetic intensifIca tion than the 
image of the high ligh ts. 2 

Altogether the mercuric iodode intensifie r is 
one of the most general usefulness . E specially 
for the purposes of Press photograph ers, who 
often need to give a li t tle sparkle to negat ives, 
it has the very great advan tage that there is no 
need for the very long washing for remova l of 
hypo which is required when using most other 
intensifiers. The possibility of a subsequent 
change in the negative is often a matter of no 
importance. 

454. Chromium Intensification. About 1880 
Eder suggested as a possible method of intensi
fication the conversion of the silver of the photo
graphic image into silver chloride by means of a 
solution of bichromate acidified with a lit t le 
hydrochloric acid, and its re-development in a 
pyrogallol developer. In t his way , in add iti on 
to the black image of the reduced silver , there 
is superimposed on it the brown image wh ich is 

1 The lowest densities are approximately d ou bl ed , 
whilst the higher densities are multipl ied b y about 1'4 , 

2 A single solution of mercuric s ulphocyanide has 
been suggested as an intensifi er (And resen and L eupold . 
1899) . b ut, after intensification, the image tends to 
b leach if it is a llowed t o remain in t he bath; t his can, 
however , be remedied by treatment with a d eveloper. 
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formed in the gelatine by the oxidation products 
of the pyrogallol. 1 

In experimenting with this process, whi ch 
had been forgotten, C. Welborne Piper and D. ] . 
Carnegie in 1904 found that the intensification 
was partly due to the deposition of a chromium 
compound (probably the oxide) in the image, 
the amount of this deposit being greater if the 
bleaching soluti on were only slightly acidified. 
The active agent in this intensification appeared 
to them to be a chlorochromate (produced by the 
action of hydrochloric acid on a bichromate) , 
and they found that the silver chloride thus 
formed was developable without exposure to 
Iigh t, at any rate if the bleaching bath did not 
contain a great excess of hydrochloric acid; the 
latter, by being partially converted to chlorine, 
yielded ordinary silver chloride, which was only 
developable after exposure to light. For darken
ing they recommended the use of an amidol 
developer as lending itself best to the purpose 
of successive intensifications without causing 
frilling of the gelatine. The progressive increase 
of density by repeated intensification has been 
confirmed by photo-micrographs published in 
I916 by W. T. P . Cunningh:;tm . 

1 R. B. W ilsey (I9I9) showed that i n tensifi catio n by 
means o ( pyr~ provides a Illcans fo r increasing almost 
indefinite ly the contrast of a negative while preserving 
very fair proportio nality between the effec tive final 
and initial densiti es. This is done by successive blcach
ings and fe-development of the image, using a pyro
ga llo l d eveloper containing only a small amount of 
su lphite-

BLEACHI NG 

Potassium fcrricyanide . 
Potassium bromide • 

\,Vate r, to make • • 

260 gr. 
90 gr. 
20 oz . 

RE-DEVELOPl\IENT 

(30 grm.) 
(ro gnn.) 
(1,000 c.c.) 

Soda s ulphite, anhydrous 90 gr. (10 grm. ) 
Pyro . . 45 g r. (5 grm. ) 
Soda carbonate, a nhyd rous 90 gr. ( 1 0 grm .) 
Water, to make . . 20 oz. ( 1 ,000 e.e.) 

The bleaching bath keeps for a long tim e, e ven if t1se .:-l , 
but th e re-d evelopmen t bath sho uld be made up only 
in s mall quantities , 

The factor fo r the increase of density and contrast 
has the fo ll owing successive va lues in the case of a 
negative developed originally in metol-hydroqu inone, 
Number of in tcnsiflcations I 2 3 4 5 
Factor , , , 1'70 2'10 2'40 2'65 2' 8 ~ 

On the other hanel, a negative whi ch has been devel 
oped in pyro (or intens ified by the above method) may 
be reduced proportionally by bleaching it in a solution 
of permanganate a cidified with hydrochloric a cid 
(§ 432) and re-d eveloping it in any d eveloper which 
yields a black image. 

It has been shown that the mixture of bi
chromate and hydrochloric acid may be re
placed by a pure solution of a chlorochromate 
(Lumiere and Seyewetz,' 19I9), or by mixtures 
of chromic acid with a chloride (c. H. Bothamley 
I918), or of a bromide (L. J. Bunel, 1923). 

For the practical application of this method 
of intensificat ion two stock solutions are pre
pared . These by themselves will keep indefi
nitely: 

(A) 10 per cent solution of potassium 
bichromate. 

(B) Ordinary hydrochloric acid diluted to 
ten t imes its volume with boiled water. 

If it is required to obtain varying degrees of 
intensification, heavy, medium or slight, one of 
the following mixtures must be made up at the 
time required 2 

The various operations in intensification must 
be carried out in weak daylight or in artificial 
light in order to avoid solarization of the silver 
chloride. The negative is allowed to remain in 
the bleaching bath until all traces of black image 
have disappeared when viewed from the back . 
Negatives should not be allowed to remain in 
this bath for a longer time than necessary, 
otherwise irregular markings may be produced. 

I ntensifi cation Strong 1\Tecl ium Slight 

So lution A • • • 10 20 20 
Solutio n B • • • 2 10 40 
Boiled water, to make • 100 100 100 

Negatives must be washed in several changes 
of water until the coloration of the gelatine 
has a lmost completely disappeared. Thewashing 

1 These authors consid er that, o n bleachi ng . only 
half of the s ilver is converted into developable s ilver 
chloride, the other half forming a double ehro mite of 
silver and potassium, a brow n insoluble compound 
wh ich w ould not be acted o n by a developer. In this 
way may be explained the increasin g brow n coloration 
of images which have been s uccessively intensified , 
as a lso the decreasing magn itude of the effect of re
repeated treatments . 

2 The effect of any o f these mixtu res, given here o nly 
as an approx imate indication, varies very much with 
the nature of the emu lsio n on which the image is 
obtained. \ Vith some plates the solutions recommended 
for weak inten sificati on g ive quite a heavy effect, and 
in such cases the amount of hydrochloric acid must be 
adjusted . The amount of a cid prescribed for strong 
intensification may be very much too small if the water 
employed contains much calcium bicarbonate. 
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process may be considerably shortened by 
immersing the negatives, after rinsing, in a 
solution containing about 5 per cent of soda 
carbonate . 

The image is then re-developed, preferably in 
a metol and hydroquinone' developer. In some 
developers the image comes up very rapidly at 
first and t hen appears not to change, though in 
reality it increases slowly for at least a quarter 
of an hour. 

If the intensification is thought to be insuffi
cient it may be repeated; there is, however, very 
little to be gained by intensifying more than 
twice. 2 

Images intensified in this way are quite 
permanent; their warm black tone renders the 
method very suitable for the intensification of 
lantern slides or paper prints, either for the 
purpose of intensiflcation as such or, by slight ly 
increasing the amount of acid, to improve the 
colour. It may be noted that this method of 
in tensification, which does not make use of any 
poisonous substance , is extremely economical." 

The sensitometric measurements of Nietz and 
Huse (I9 I8) have shown that, contrary to con
clusions drawn from photometric measurements, 
the action of this intensifier is not proportional, 
but is greater in the least dense regions, a 
property which we have already seen to be very 
valuable. 

455. Great Intensification with Copper and 
Silver. A method which has been used for a 
very long time, especially for collodion nega
tives, consists in treating the negative in a 
solution of cupric bromide in which the silver is 
converted into bromide and at the same time 
fixes a n equivalent amount of cuprous bromide. 
The negative, after rinsing, is transferred to a 
solution of silver nitrate , some of which is 
reduced to metallic silver by the cuprous 

1 In case the bichromate is incompletely eliminated 
(which is always possible even after prolonged washing) 
an amidol developer risks the formation of insoluble 
oxidatio n products resulting in the formati on of red 
spots (W. A. Ermcn, 1928) . 

2 The factor o f proportionality attains successively 
the following values in the case o f several successive 
intensiflcations, f e-development being effected in a 
metol-hyclroql1inone developer which is only very 
slightly a lkaline (p. E. Boucher, I935)-

Number of inten sifications . I 2 3 
Factor .. . 1·4 1·65 1·8 
3 The only objection WhlCh Inay be raised against 

this fl1ethod of intensification is that it gives to the 
gelatine of some emulsions a granular stru cture which 
makes retouching difficult, though it does not show on 
printing either by contact or on enlarging. 

bromide; this silver is thus precipitated with 
an equivalent amount of silver bromide in the 
image along with the existing silver bromide. 
After washing, and reducing the silver bromide, 
the amount of silver is exactly three times that 
originally present (Abney, 1877) . This method 
is not easily applicable to negatives made with 
gelatino-bromide emulsions; during washing, 
which is much slower than with collodion plates, 
the cuprous bromide is partially re-dissolved or 
re-oxidized and so escapes reaction. 

The method has been improved by Luther and 
Schreiber (I923), and by G. ZeIger (I924), by 
using in the first operation a solution which 
deposits in the image not cuprous bromide but 
a cuprous salt which is absolutely insoluble and 
non-oxidizable, such as cuprous sulphocyanide 
or cuprous iodide. 

As before, the density is exactly trebled by 
intensification; it may be again trebled by 
repeating the process, and thus sufficient con
trast may be obtained to print an image which 
exists as a mere ghost, as is sometimes obtained 
with films in which regression of the latent 
image has occurred. 

The " bleaching" bath (which, as a matter 
of fact, gives a yellow image) is prepared by 
pouring solution (A) into solu tion (B)-

r Copper sulphate, cryst . 
A Acetic acid, glacial . 

vVater, to make . • 

PoLassiUln iodide. 
B Ammonia ( 22 0 Baumt') . 

l \IVater, to make . . 

22 gr. (., grm.) 
2} elr. (28 c.c. ) 
10 oz. (500 c.c.) 

22 gL (5 grm.) 
7t elL (46 c .c.) 

5 oz. (250 c.c.) 

H eat is generated when the solutions are 
mixed, and the bath must not be used until 
cool. The mixed solution, which is clear blue in 
colour, should be slightly acid; if it is not, a 
little acetic acid must be added un t il blue 
litmus paper is faintly reddened by it; it is 
quite stable and may be used until exhausted. 

The negative is immersed in it until the image 
becomes yellow throughout its thickness . After 
thorough washing it is blackened 1 in a solution 
containing 0·25 per cent of silver nitrate to 
which about I per cent of sodium acetate has been 
added (so preventing the copper nitrate formed 

1 B efore treatment with silver nitrate, the negative 
may be immersed in a saturated sol ution of alum , so 
preventing combination of silver nitrate with the 
gelatine. 
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during the reaction from attack ing the 
silver) . 

The silver salts, other than silver iodide 
(chloride precipitated in the gelatine due to the 
use of ordinary water and silver nitrate com bined 
wi th the gelatine) , are removed by immersion 
for about two minutes in a bath containing 
a bo ut I per cent of ammonia, which has no 
action on silver iodide. 

The process is completed by reducing the 
sil ver iodide to the metallic state by means of a 
solu tion of hydrosulphite of soda containing a 
little bisulphite of soda, or by means of an 
amidol developer made alkaline with carbonate 
of soda. 

456. Other Methods of Intensification. The 
methods of in tensification described in the 
preceding paragraphs are amply sufficient for 
all pract ical requirements, so that we shall be 
con t en t to mention only briefly some others which 
are sometimes used, or which are in themselves 
curious because of the means employed. 

Intensification by precipi tation of silver ac
cording to the method already described for 
ph ysical development before or after fixing 
(§§ 395 and 396) is especially suitable for fin e
grained images. It is often an advantage t o 
precede this process by immersion in a very 
dilute solut ion of permanganate acidified with 
sulphuric acid (the reversal bath described in 
§ 439 dilu ted twenty or fifty times with water), 
and to follow it by treatment with hyposulphite 
of soda . (This method of intensifica tion may 
be carried out before fixation. ) 

Various methods which will later be described 
under methods of toning may be employed for 
in tensi fication (uranium t oning, quinone toning, 
and dye-toning with a mordant). 

A method giving great in tensification but 
requiring rather delica te manipulation has been 
described by K. Hickman and W. Weyerts 
(I 933) : a sulphide toned image (§§ 588 and 589) 
is placed in a solution of silver sulphite a nd , 
under the action of a s trong art ificial light, it 
progressively becomes intensified by deposition 
of silver. After intensification to the desired 
degree t he image is rinsed, placed in a fixing 
bath a nd washed. 

It has been suggested tha t a negative may be 
in tensifIed by " doubling" t he image in " car
bon" on the gelatine of the negative by the 
Carbro process, or by an image obtained by 
dusting-on , the sensitive layer (bichromated 
glue) being coated on the gelat ine face of the 
negative, which has been previously varnished. 

Lastly , it has been suggested that an image 
may be intensified by contraction of the film 
after detaching it from its support. 

(b) R EDUCTION 

457. Choice of a Reducer. The usual reducers 
act by gradually dissolving th e silver which 
forms the photographic image, but widely 
different results are obtained according to the 
substance (or mixture of substances) which is 
used for this purpose . 

Uniformity of action of a reducer is obviously 
only possible if it can penetrate to all parts of 
the image at the same speed; in the case of a 
dry negative, however , and particularly if 
fixat ion has been done in a bath containing 
alum, the permeabil ity of the gelatine is often 
ve'ry different in the various part s of the image, 
and thus there is a great risk that the process 
of reduction will produce ma rkings which cannot 
be removed. 1 If, therefo re, reduction has not 
been carried out before drying t he negative, 
the latter should be soaked in water until the 
gelatine has swollen uniformly, which will some
times require three or four hours. 

The charac teristics of a reducer depend 
largely on the dimensions of the grains forming 
the image, and on the distribution of th ese 
grains in the depth of the layer, hence there 
are considerable variations in effect according 
to the type of emulsion, and even with nega
tives of a given emulsion developed under very 
different conditions." 

The various reducers may be schematica lly 
classified into three groups-

I. Surface reducers. 

2. Proportional reducers. 

3. Superproportional reducers. 

Superficial reducers are very act ive solvents of 
silver. They attack the silver almost as fast as 
they penetrate the film of gelatine, so that the 

1 Traces of grease on the negative (finger-marl<s, 
etc.). even though they do not prevent the swelling 
of the gelatine, cause the red ucer to p enet ra te m orc 
s lowly, and so cause trouble. \\iherc necessary, these 
traces o f grease 111USt be removed by clean ing with 
pure benzine or petroleum sp irit. The additio n of 
wetting agent s (§ 369) can fa cil itate the uniform p ene
tration of the red ucer. 

:: D ifferences have been noticed in a g iven negative 
in the reduction of a reas of equal densit y produ ced by 
different rays, or corresponding t o latent images of 
different ages a t the m om ent of developmen t (C. 
J ausseran, 1933)' 
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diffe rent densities in the image are decreased by 
approximately the same amount (Fig. I76, I ), 
and if the action is allowed to go on too long 
some parts of the image may disappear alto
ge ther. These reducers are specially suited 
t o the clearing of fogged negatives. They 
are generally chosen fo r local reducers in 
rctouching so as not to t ire the patience of the 
operator. 

A proportional reducer decreases every density 
in the image in the same p roportion. This may 
be brough t about by converting the silver of 
the image into a less absorbing substance or 

produced in the course of the reaction (auto
catalytic reaction). 

Lastly , in certain cases, it is required t o reduce 
only the dense parts of the negative . This may 
be done indirectly by allowing the solvent of 
silver to act only after all the silver contained 
in the surface layers of the film has been con
verted into an insoluble compound. 

In using any of the reducers of thc first 
three groups, the negat ive should always be 
withdrawn from the bath a short t ime before 
the desired effect has been produced, because the 
solution of the silver continues during the first 

moments of washing. 
458. Surface Reducers. Whichever 

of the reducers of t his class may be 
used, anything which tends t o in
crease the rat e of sol uti on of t he 
silver (increase in concentration of 
the active subst ance) or to diminish 
the velocity of penetration in to the 
gelatine (excessive swelling of t he 
film, thickening of the liquid, etc.) 
exaggerates the peculiar character 
of this class of reducer. The con
verse t ends to make these red ucers 
behave in a proport ional manner. 

Original negatives 

FIG. 176. 
Reduced Nega tives 

T YPES OF R EDUCER 

The conceptrations recommended 
la ter are averages which may be 
increased or diminished as desired. 
It must, however, be borne in mind 
that the use of comparati vely highly
concent ra ted reducers renders control 
diffic ult unless a glass dish, illumin
ated from below, is employed . I , Surface; II , Proportional II I, Super-proportional 

mixture of substances (Fig . I76, II), e.g. by blue 
toning (L. P. Clerc, I 899) or by iodizing t he 
image . The removal of t he same fraction of the 
quantity of silver a t every point of the image is 
never realized excep t , approximately , by the 
use of solvents whose action is so slow as 
to be negligible during the time taken t o 
penetrate the film of gelatine. These re
ducers are most suitable for diminishing the 
con trasts of negatives which have been over
developed. 

A superproportional reducer removes a greater 
p roportion of the silve r from the dense parts 
of a negative than fro m t he lighter parts, as 
if its act ion started from the su ppor t of the 
film and moved outwards t owards the surface 
of t he gelatine (Fig. 176, III). The only reducer 
known to belong to this group is ammonium 
persulphate; it dissolves silver slowly , and its 
activity is increased by the silver sulpha te 

459. Farmer's Reducer. The oldest known of 
the surface reducers (H. F armer, I884) is a 
mixture (prepared when required fo r use) of a 
solution of potassium ferricyanide 1 with a 
solution of hyposulphite. In this very unstable 
mixture, which generally loses its ac tivity (re-

1 Potassium ferricyanide, somet imes still called" red 
p russ ia t e of potash," occurs in crystals of intense red 
colour having the formu la K ,Fe,(CN)' 2' The crystals a re 
often cover ed with an ochre-like layer due to exposure 
to t h e air ; this shou ld be washed off before a solution 
is prepared. T he salt is very soluble in water (solutions 
up to 30 per cent may b e prepared in the cold); its 
concen t r a t ed solutions have a yellowish brown colour, 
w h ilst dilute solu tions a re g reen ish yellow. These 
solu tions a rc unstable, especially in light, b ecoming 
par tially conver ted into fe rrocyanide. For this reason 
large quantities should not be d issolved at one time, 
alth ough for use as a r ed ucer its solutions may be 
stabilized by means of sodium chlo ride (kitch en salt) 
added in amo unt double that of the ferr icyan ide . T he 
salt is gen erally con sidered not to be p oisonous, 

• 
• 

-

• 
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cognized by the decoloration ) in a t ime varying 
from a few minutes (mixture of highly concen
trated solu t ions) to a few hours (mixture of very 
dilute solutions), the ferricyanide controls t he 
activity of the mixture, the concentration of 
hyposulphite being always sufficient to give 
rapid solution of the silver salt which is formed. 

Practised workers, in judging how to mix the 
two stock solutions, are guided by t he depth of 
colour of the mixture. At first it will be suitable 
to mix in eq ual volumes a I per cent solution of 
potassium ferricyanide and a 10 per cent solu tion 
of sodium hyposulphite. 

By making the mixture alkaline with a li ttle 
carbonate of soda (Stiirenberg, 1903) or with 
ammonia (R. Namias, 1910) it will retain its 
activity considerably longer and its rate of at
tack on the silver will be retarded a little; at 
the same time the somewhat persistent colora
tion of the gelatine by the ferr icyanide will be 
prevented. 

In order to avoid irregular action, the dish 
must be rocked during the whole process of 
reduction. The negative must be rinsed every 
time it is t aken out of the bath for purposes of 
examinat ion, otherwise streaks of lighter density 
may occur. 

As a solvent of the silver ferrocyanide, the 
hyposulphite may be replaced by cyanides 
(fJ01:sonOlts) or by the alkaline sulphocyanates 
(§398); the mixtures thus formed are very stable. 

460. Permanganate Reducer. A very dilute, 
acidified solu t ion of permanganate (R . Namias, 
1899) behaves as a reducer. It is veryeconom
ical and its action is not quite so entirely super
fi cial as that of Farmer's solution . 

Star ting from the same solutions already 
prescribed (§ 440) for the preparation of revers
ing solution, the following mixture is made up 
when required-

Potassium perm a nganate, 30 to 50 min . (3 t o 5 c .c .) 

0'4 % solution 

S ulphuric ac id , 2% solution 30 to 50 min. (3 t o 5 c.c.) 

\Vater to make • • 2 oz. (JOo c .c.) 

Instead of the water , a 2 per cent solution of 
al um may be used in order to avoid the softening 
of the gelati ne in warm weather. 

The silver is dissolved in the form of sulph ate; 
a part of this is precipitated as the chloride by 
the chlorides present in the water used for 
making up the solutions or in rinsing the nega
tive. In addition the negative becomes brown 
due to t he manganese dioxide formed in the 

partial reduction of the permanganate. Both 
of these substances may be removed by im
mersing the negative in a solution containing 
about 10 per cent of bisulphi te of soda, fo llowed 
by washing in several changes of water. 

461. Other Surface Reducers. Of the many 
other reducers having practically identical pro
perties, mention may be made of those which 
may be kept ready for use and wh ich can be 
used several times. 

The following may be included in this group: 
a mixture of ferric oxalate, sulphite of soda and 
hyposulphite of soda (Belitski, 1883) , which is 
perfectly s table in the dark; 1 a solution of potas
sium bichromate acidified with sulphuric acid 
(90 gr. of bichromate and I drm . 36 minims of 
acid t o 20 oz., i.e. 10 grm. and 10 c.c. respec
t ively to 1,000 c.c.), which may be made up as 
a very concentrated stock solution (E. Gosselin, 
1889) ; a solut ion obtained by add ing to a solu
tion of hyposulphite of soda a solution of 
cuprammonium sulphate which is prepared by 
adding ammonia to a solution of copper sulphate 
until the precipitate first formed is re-dissolved 
in a large excess of ammonia (Prunier and 
Mathet, 1892); lastly a solution containing about 
5 per cent of cerium (ceric) sulphate (poisonous) 
acidified with sulphuric acid (Lumiere and 
Seyewetz, 1900). 2 

462. Proportional Reducers. Quinone Re
ducer. The addition of sulphuric acid to the 
exten t of about 31 drm. to 20 oz . (20 C.C . to 
1,000 c.c.) to a saturated solution (0 '5 per cent) 
of benzoquinone (ordinary quinone) furn ishes a 
reducer (Lumiere and Seyewetz, 1910) which 
has m ore recently been found (R. Luther, 1923) 
to act almost proportiona lly on the various 

L A m od ified formu la (J. I. Crabtree an d L. E. 
Muheler, 1932) which remains act ive for about t hree 
days withou t sp ecia l p recau t ions, wou ld appear t o be 
the most perfect of superficial reducers, all the densiti es 
being decreased by the same val ue (E. L. T urner a nd 
W. ]. Smith, 1935)-

Ferric chloride, cryst. 

P otassium citrate . 

• 

• 

Soda sulphite, anhyd rous 

Citric ac id • • • 

• t oz . (25 grm. ) 

J {. oz . (75 grm. ) 

· 260gr. (3ogrm .) 

260 gr. (30 grIll .) 

4 oz. (200 grm .) H yposulph ite of soda, cryst . . 

\Nater, t o make • • • 20 oz . (1,000 c.c.) 

2 Vile may also mention, but only to advise the avoid
ance of its u se, the possibility of r educing a negative 
by a very dilute so lutio n of h ypoch lori te of soda (eau 
de javelle), which acts mechanically by dissolving the 
gelatine, so removing the surface layers of si lver. 

• 
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densit ies. This solution, which is clear yellow, 
gradually turns brown, and finally gives a 
brown deposit. An image which has been re
duced in this bath acquires a sligh tly reddish 
tin t. It is necessary , after reducing and brief 
rinsing, to bathe the negative for some time in 
a solution containing about 1 0 per cen t of 
bisulphite of soda before proceeding t o the final 
wash ing. 

F erric Sulphate R educer. A very dilute solu
tion of a fe rric salt which is quite free from 
chlorides a nd bromides (a condit ion which is 
generally satisfied by ferric ammonium alum 
wh ich is a crysta lline salt of pale rose violet 
colour) and which is acidified by a li t tle sulphuric 
acid fo rms a reducer which is almost exactly 
proportional in it s action and keeps well (H. 
Krause, 1919) . Th e following solution may be 
employed: a 2 per cent solution of the salt in 
rain water or dist illed water containing about 
0'5 per cent of p ure sulphuric acid. After rins
ing, t he nega tive is bathed for some time in a 
very dilute so lution of sulphuric acid before the 
fll1al washing. 

Permanganate and P ersulphate. A m ixture in 
sui table proportions of the surface acid per
mangana te red ucer with the superproportional 
persulph ate reducer forms a reducing solution 
of intermediate character, the action of which is 
a lmost proportional (N . C. Deck, K. Huse and 
A. H . Nietz, 1916). 

The bath must be prepared when required 
for use by mixing the following substances in 
the orde r given, each one being dissolved 
separately in a sm all amount of water-

P otasSiU111 p cr manganate 

S ulphuric acid (10;0 solution) 

Amm onium pcrsulphate 

"Vater, to make . . 

• I g r. (0 -1 0 grill .) 

I oz . I } d r . (60 e.e .) 

90 g r. (1 0 gr m.) 

. 20 oz. (1,000 e .e.) 

The time required for reduction is from 2 to 
5 minutes . The negat ive is then rinsed and 
bathed fo r 5 minutes in a solution containing 
about 10 per cent of bisulphite of soda before 
being washed in several changes of wate r. 

463 . Ammonium Persulphate Superpropor
tional Reducer. The selective ac tion of a lka li 
persulphates on t he h igher densities of p hoto
g raph ic images 1 was discovered in 1901 by 

I I t m ust, however, b e s t a t ed t hat with nega tives 
which have been d eveloped with paraminophenol (and 
o nly in this case) ammoniulll p ersul phate behaves 
sometimes a s a surface reducer. 

Vari ous cases have bee n discovered in which reduc
tion by p ersulphate is prevented or retarded by cer tain 

A. and L. Lumiere and A. Seyewetz, who 
specially recommended the use of ammonium 
persulphate.1 

Persulphate converts silver into silver sul
phate,2 which, in proportion as it is formed, 
tends to accelerate the attack on the remaining 
silve r. The presence of chlorides, which is 
practically inevitable, causes disturbance (E. 
Stenger and H. H eller, 1910) if the amount of 
sodium chloride is as much as 0 ' 0 1 per cent : 
th is is noticed as an exaggerated superpropor
tionality 3 with a discontinui ty in the reducer 
for a certain density; this value of density is 
ra ised by increasing the amount of chloride 
presen t (G. Higson ; S. E. Sheppard, 1921). It 
will thus be understood that reduction by per
sulphate may be impossible with tap water 
which is relatively ri.ch in chloride, such as may 
be found in some coastal d istri cts. 

The rate at which persulphate a ttacks the 
silver varies considerably with the acidity of 
the substance. The action is controlled by the 
addition of a trace of sulphuric acid or of a very 
small quantity of a silver salt (even of a small 
amount of an already-used solution) or of iron 
a lum (Sheppard, 1918- 1921); a ll these sub
s tances slightly diminish the risk of " poisoning" 
by chlorides. 

dyes ad sor bed on the s il ver of the image du ring pre
vious treatment (Ltippo Cramer. 1928). 

1 Ammonium p ersu lphate is obtained in small 
colourless crys tals ha ving the composition (NH ' )2S20 ,. 
The substance readily a bsorbs m oisture fro m the atmo
sphere and then beco mes unstable. The salt sh ou ld be 
stored in w ell-s t oppered bottles. When a bottle of 
persulphate is opened a smell o f ozone is o ften notice
a ble, t his substance being formed together with the 
inactive sulphate when the sa lt is partially decomposed . 
Ammonium persu lphate is v ery so luble in cold water 
(more than 30 p er cent), but the solution is not very 
stable and it is ad v isable t o p repa re only a small 
amo unt of solution a t a time (i n presence of 2 0 p CI' cent 
o f sulphate of soda these solutions may be kept for 
sev eral days witho ut alteration) ; persulphates a re at 
o nce d ecomposed by b oiling water. 

P otassiu m p ersu lphate is mu ch less soluble (1'7 per 
cent at 60° F .), but for t his reaso n much easier to obtain 
pu re. It may be used ins tead o f ammonium persulphate 
for reductio n o f photographic images . 

2 (NH ")2S20 , + 2 Ag = Ag2SO" + (KH ,),SO, . 
Ammon. persu\piute Silve r Silve r sulpha te AmmOIl. sul phate 

3 Certain reducers wh ich, in the a bsence of chlorides, 
ha rd ly ever beh ave in a way othe r than superfi cia ll y, 
can, when a suitable amount of c h loride or bromide is 
add ed t o them, d issolve th e silver of t he h igh densities, 
whilst that of the low den siti es is converted into 
chloride or bromide . 

The presen ce of chloride i n a persulphatc r edu cer 
shows itself by the formation in t he bath of a slight 
white precipitate round the d e nse parts o f the negative. 

-



• 

METH OD S OF AFTE R-TREATMENT 

The reducing bath is prepared when required 
for use as follows-

Ammonium p ersulphate 

Sulphuric acid 1 • 

Water, to make • 

• 

• 

' 7·5 to 45 gr. (2 to 5 grm.) 

I gr. (0.1 grm .) 

2 oz. ( 1 00 c .c .. 

The reduction , which is comparatively slow 
a t first, gradua lly gains in speed and may be
come too rapid . The action of the bath must be 
stopped a lit tle before the deSired effect has 
been attained; this is done by plungmg the 
negative, wi thout intermediate rinsing, in a solu
tion of about 1 0 per cent of anhydrous sulphite 
of soda, which a t the same time dissolves any 
t races of silver chloride form ed in the film. The 
negative is then washed in several changes of 
water. 2 

464. Indirect Reduction of Heavier Densities. 
The image is treated in a bath contall1mg about 
2 per cent of potassium ferricyan ide and 2 per 
cen t of potassium bromIde, m which It gradually 
bleaches. The operation is in te rrup ted by wash
ing in plenty of water a little before the higher 
densities have been completely bleached; the 
remaining silve r is then dissol~ed in a solution 
of potassium permanganate aCidified wIth acet~c 
acid (R. Nami as , 1 9 II- 192S) as already descnbed 
in a note t o § 439. 

After dissolving the residual silve r, the nega
ti ve is washed thoroughly a nd is t ransferred t o a 
solution containing about 1 0 per cent of blsul
phite of soda , which decolorizes the gelatll1e 
and dissolves the acetate and chlonde of silver 
formed; it is then re-developed in any ordinary 
developer whilst exposed to weak light. 

It is also possible to protec t the greater pa~ t 
of the sliver agamst the actIOn of Farmer s 
reducer by transforming it into silver sulphide, 
or by toning it with gold or selenium . The silver 
can a lso be converted to bromide or chlOrIde 
and re-developed superficially , the unreduced 
silver halide being dissolved in a fixing bath. 

(c) W ORKI NG- UP 

465. General Notes. By th e term " working
up " is mean t the various methods of correctll1g 

1 A solutio n o f abo ut I per cent o f s ulphu ric acid may 
be made up (50 minims acid per 20 oz. of water). Then 
li se r ! d rm. of t his solution fo r 2 OZ. of bath. 

2 Tile microscopic observations of J.. 1. P igg ( ~ 904 ) 
and ofW. Scheffer (T906), on tests carned out on Iden
tical pieces of the same scale of tones before and after 
reduction with p crs ul p hate, showed that the persul
phate acts simultaneously throughout the tll1ckness of 
the fi lm and attacks the large grains fi rst. 

negatives by hand in such a way as to modify 
the relative prin t ing values of certam area~ of 
the image which have a simple outlme. 1 hIS 
may be done in order t o remedy any IrregularIty 
arising from faulty working in making the nega
tive; or it may be t o improve the rendenng, for 
example, by reducing the contrast, whIch IS 
sometimes great, between sky and foreground 
in a landscape or between the lights and shadows 
of an interior phot ograph; or t o obtall1 the 
details of the image of white clothing, or to 
subdue the too pronounced deta ils of a back
ground on a portrait negative or on the negatIve 
of a commercial su bj ect. 

In all the methods of working-up involving 
the application , with a brush, of an intensifier, 
a reducer, or a dye, it is an advantage to use 
liquids which are sufficiently dilute and to carry 
out the opera tion by successive applIcatIOns of 
the same reagen t. In this way the appearance 
of sharply-defin ed edges t o the area treated 
may be avoided; such sharp edges, If they d o 
occur, frequently do not coincide exactly WIth 
the outline which is intended t o be followed. 
The edges of partial, successive treatments 
overlap one another t o some extent, and give a 
graded effect which is much less obvIOUS. 

These operat ions are best carned out on a 
retouching desk, and if they have to be done 
as a matter of commercial routine the use of 
folding desks is t o be avoided. These are by 
no means steady and do not give sufficient 
support to the forearm. The amateur may 
construct a luminous table b y plac1l1g a strong 
p iece of glass on two boxes. The under side of 
the glass must be covered wit h white tracing 
paper and may be illumina ted by means o f 
light diffused from an inclined sheet of whIte 
cardboard . The ligh t may be supplIed to the 
la t ter from a window or lamp which is screened 
by a blind from the view of the operat~r. . 

466. Local Intensification and ReductIOn WIth 
a Brush. In order to allow of control, It IS 
necessary t o choose methods which make use 
only of a single solution and which do not 
produce more than t empora r>, coloratIOn of 
the gelat ine; thus the mercunc IOdIde mtenslfier 
a nd Farmer 's reducer , 1 or one of their varIants, 
are sui table. 

The opera tion is preferably carried out on !he 
wet negative, which has been well WIped. 1he 
negative is mounted horizontally and Illumm-

I If t he cyanides of sodium or o f potassium (danger
ous p oisons · see note § 398) are obtamable, t hey may 
be used witl~ advantage in 4 per cent solution to replace 
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ated from below (for reducing a sky, it may, 
however, be held almost vertically, with the 
image of the sky at the bot tom). In order to 
facilitate t he adherence of the liquid to the 
gelatine and to prevent its excessive diffusion 
on to neighbouring regions, its viscosity may be 
increased by dissolving sugar or by substituting 
glycerine or glycol for a part of the water in 
the mixture. In the case of reduction, the nega
tive must be rinsed between each application . 

467. Local Tinting of the Gelatine. Working 
up may be done by the additive method of 
tinting those parts of the negative which are 
too clear, or by the subtract ive method of 
uniformly ti nting the gelatine and then de
colorizing it in those parts of the negative which 
are too deep. Which method is preferable 
depends on the relative areas of the parts which 
are required to be tinted and to be left plain . 

For additive tinting one chooses an aqueous 
solu tion of a dye which is absorbed by t he 
gelatine but is not fixed by it , and which may 
therefore be completely removed by washing 
in cases where it is desired to obtain t he negative 
again in its original condition. Of the substances 
complying with these conditions are notably 
new coccin e, giving a poppy-red colour (F. 
Schmidt, 1913), and ta·ytrazine, a lemon-yellow 
dye. The first trial applications should be made 
very carefully, only experience being able to 
teach the effect of a given intensity of colouring, 
red or yellow. 

At the start a comparat ively concentrated 
stock solution of one or other of the dyes is 
prepared, and from this stock solut ion are made 
up two solutions for use; one of these is so dilute 
that a single application by means of a brush on 
a transparent part of the gelatine produces 
only a very weak coloration which can hardly 
be seen; the other is about five times more 
concentrated. The colour is applied with a 
sable brush NO.2 or NO.3 for very small sur
faces, NO.4 to No . 8 for large surfaces, according 
to the size of the negatives. 

The brush, soaked in t he di luted solution and 
well wiped, is moved over the parts to be tinted 
without breaking contact between the brush and 
the gelatine until all the liquid has been ab
sorbed . The brush is re-charged and wi ped, and 
the process continued, returning as often as 

the solution of hypos ulphite of soda in this red ucer. 
A stable mixture is thus obtained which does not leave 
the slight yellow coloration of fe rricyanide; this is 
specia lly valuable for dealing with paper prints which 
are to be locally reduced. 

necessary to the same parts, and, if necessary, 
allowing the gelatine to dry when it becomes 
saturated with water. It is only by the super
position of a great number of very thin layers 
that perfect uniformity is obtained, and slight 
errors of outline are made negligible. The more 
concentrated solution is only used when a 
certain amount of skill has been acquired, and 
even then only to obtain very intense tints; in 
any case it is as well to prepare the film by at 
least one treatment with the diluted solution. 

For subtractive tinting a uniform yellowish
brown coating is produced by bathing the 
negative for some time in a solution of potassium 
permanganate containing 9 gr. per 20 oz. (1 grm . 
per litre), without any addition of acid. After 
the negative has been rinsed and dried, local 
decolorization is carried out by means of a 
dil ute solution of bisulphite of soda (e .g. 5 par ts 
of the commercial solution diluted to 100 parts), 
thickened with glycerine or gum arabic (R. 
Namias, 1914). When the work is finished, the 
negative must be washed in a strong stream of 
water or by shaking it vigorously in a large dish 
of water. 

468. Local Abrasion of the Negative. In order 
to diminish the density of small areas of the 
image, the surface of the gelatine may be rubbed 
down by means of the finger or a piece of 
wash-leather with a little powdered pumice or 
powdered cuttle-fish bone; if a less vigorous 
treatment is required, the rubbing may be done 
with a wad of flannel or a skin stump soaked 
with metal-polish, or merely moistened with 
alcohol. 1 

469. Work on the Back of the Negative. A 
li ttle carmine (moist water-colour) may be 
applied with the finger to the back of a glass 
negative, so as to cover uniformly those parts 
which are to be blocked out; the boundaries of 
these parts may be overstepped, and in such 
cases the excess may be removed with a moist 
duster, fo llowed by a moistened brush. Printing 
must be carried out in diffused light, so that the 

1 Abyasive p encils are sometimes used. T hese arc 
prepared as fo llows : melt some hard paraffin wax and 
thoroughly mix into it some v ery finely p owdered 
pumice. The amount o f the latter should be as great 
as p ossible, while a llowing the lllixture to be poured. 
:Mould in paper cartridges which have been made by 
rolling paper round a pencil. After solidification has 
occurred, the p encils may be peeled for the whole or 
part of their length, and may be p ointed fo r allowing 
work to be done on very small surfaces. \"rhen a nega
tive has b een w orked up in this way any grease is 
removed fTotTI it with light petroleum spirit (Miss Kate 
Smith, I925). 

• 

• 
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thickness of the glass will prevent the outline 
of the work from showing too clearly in the 
print. 

The back of a glass negative may also be 
covered with colourless or tinted matt varnish. 
Those parts which are t o be clearly printed are 
then cut away with a scraper or with a wad 
moistened with alcohol, according to the area 
of the part to be treated. Parts which need 
darkening are covered with colour, as above, or 
a re worked up wit h blacklead (graphite, plum
bago), put on with a dry brush or with a soft 
stump. 

An excellent matt varnish of average grain 
may be prepared according to the formula given 
below. The resins are dissolved in the etherl in 
a flask fitted with a sound wood cork. When 
they have dissolved, a process which may take 
several days in spite of frequent shaking, the 
benzene is added slowly, and the mixture is 
allowed to stand at least a week before the clear 
liquid is decan ted-

Ether • • • 

Sandarac • • 

Mastic (tears) • 

B enzene, to make . 

• 

• 

• 

• 

14 oz. (700 c.c.) 

570 gr. (6S grm. ) 

1 30 gr. ( 1 5 g rm. ) 

20 OZ. (1 , 000 c.c.) 

A finer grain is obtained by increasing con
siderably the amount of ether ; on the other 
hand, a slight increase in the amount of benzene 
gives a much coarser gra in. The matt varnish 
may be coloured yellow by dissolving a certain 
amount of a~trantia in it . 

The precautions necessary for spreading the 
matt varnish on the glass side of the negative 
are described later in the paragraph dealing 
with varnishing (§ 479). The chief thing to 
avoid is the application of any varnish to a 
place a lready dried. A negative on which the 
varnishing has not been successful may be 
cleaned by rubbing with a wad of cotton wool 
moistened wi th methylated spirit. 

None of these methods is suitable for film 
negatives, but equivalent results may be ob
tained by working on a thin sheet of matt cellu-

1 Ether, so metimes wrongly called s ulphuric ether, 
is a very volatile liquid the vapour of which is very 
heavy and inflammable. It must be stored in wcll
corked bottles . The handling o [ ether , or the prepara
tion of a mixture containing ether, mus t not be carri ed 
on near a fireplace or flame. The matt surface of this 
varnish is due to the sandarac used being insoluble in 
benzene, and so being precipitated . during the evapora
ti on of the ether, in minute grai ns enclosed in a trans
parent layer of mastic. 

loid or on a piece of tracing paper which is fixed 
to the back of the film by pieces of gummed 
paper. 

470. Reduction of Contrasts by Soft Positive. 
It has often been suggested (A . Leitner, I 890) 
that excessive contrast in a negative may be 
compensated by placing against its back a soft 
positive transparency taken from the same 
negative. A special " a uto-retouching" printing 
frame was indeed constructed (E . Artigue, I903) 
for this purpose; with this apparatus a suitable 
transparency, which had been previously printed 
in the same frame, could be interposed in correct 
register. 

471. Blocking-out. T he object of blocking
out is t o obliterate all traces of background in a 
photograph which could not be taken against a 
white ground; the shadows cast by an object 
standing on a white ground are also obliterated 
by this method . 1 For this, one of the following 
methods may be used: The negative may be 
worked-up by tinting the gelatine in the way 
previously described (§ 467), or an opaq ue paint 
may be applied, either to the glass side (for a 
portrait in which the outlines are not usuaIly 
very clearly marked) or to the gelat ine surface 
(photographs of furniture, machines, etc., in 
which the outlines are sharply defin ed) . Water 
colour body-paint or water colours (chrome 
yellow, vermilion, india red, etc.), or a solution 
of 20 per cent bitumen in t urpentine thickened 
with a little wax, or special opaque paints may 
be applied with a brush or pen (at least for the 
outlines) to a breadth of about half an inch. 
Areas beyond this band may be masked by 
sticking-on opaque paper. Good water-colour 
brushes, giving fine points, must be used. Before 
starting work it is advisable to remove a ll traces 
of grease from the surface of the negative by 
rubbing lightly with a wad of linen or cotton 
soaked in methylated spirit. In order to dilute 
th e colour to the desired strength and to make 
sure of rapid drying, alcohol, or a mixture of 
alcohol and water, may be used . 

472 . Spotting. Spotting is the process by 
which the clear spots on a negative (d ust, air 
bubbles, scratches, etc.) are touched out . For 
this purpose very small sable brushes are used; 
these, when m oist, must give a very fine point. 
It is usually impossible to match the density of 

1 The professio nal worker generally avoids these 
shadows by arranging the objects on transparent glass 
and photograp hing them from above. The glass is 
supported above a w ell- ill uminated white backgrou nd 
and far enough from it to prevent any shadows being 
proj ected. 
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the spot exactly with that of the image, and 
thus it is more often attempted to produce a 
slightly greater density in the spot than exists 
in the surrounding image. The work is then 
finished by retouching the positive prints. 

Spotting is carried out on a well-illuminated 
retouching desk. The ground glass of the desk 
should be masked with a sheet of black paper 
having an opening of small diameter. The 
differen t parts to be spotted aloe then brought 

FIG. 177. T OUCHES U3ED IN P ENCILLING A 
NEGATIVE 

one by one over this opening, so that attention 
is concentrated on the spot to be treated. 

For this p urpose black water-colour, more or 
less diluted, may be used, or indian ink thickened 
with gum arabic or strong liquid glue (usually 
obtained in tubes); or b lacklead mixed in a 
little negative varnish (§ 478). Mistakes may 
then be cleaned off by means of alcohol, but 
negatives which have been retouched in this 
way cannot be varnished unless a varnish is 
chosen which has no action on the res ins of that 
previously used. 

The work is followed through a lens. It is 
essential not to allow the colour to go so far 
as to form a ring round the hole t o be filled, 
otherwise the defect is made worse. For very 
small holes, the colour used must be fairly thick; 
only a little must be placed on the brush, and 
the latter must be held perpendicularly to the 
surface of the negat ive. 

(d) R ETO UC HING 

473. The Purpose of Retouching. As a rule, 
the term " retouching" (negative retouching) 
is used to describe work done on the gelatine of 
a negative with a pencil and scraper. Retouch
ing corrects certain technical faults in negatives 
and, above all, faults of modelling. It is an 
almost universal rule in portrait photography to 
tone down or suppress wrinkles, freckles, and 

superfluous hair, to accentuate some lights and 
to lessen shadows which are too deep; often to 
modify an expression, and sometimes even to 
change the form of t he face. 

No retouching is admissible on negatives 
whose interest is scientific, historical, or docu
mentary. 

As a matter of principle, retouching should 
never be employed to make up for faults if the 
opportunity is available to avoid them by 
making a new negative under better conditions. 

The beginner must be patient and should 
practise as much as possible on waste negatives. 
He will save a great deal of time if he can 
arrange to take some lessons from a practised 
retoucher. 

The amateur who wishes, in an exceptional 
case, t o retouch one of his own pictures, will 
save time by making an enlargement, on which 
all corrections may be much more easily effected, 
then making from this enlargement a negative 
of the size required. 

474. Retouching Appliances. The retouching 
desk, large and firm, I should be installed for 
preference near a north-light window, and at 
such a height that the retoucher may work 
seated before it without having to lean forward. 
Blinds must be arranged to screen both desk 
and worker from light at the sides and back. 
For work with artificial light it is often advan
tageous to cover the usual mirror with a sheet 
of white matt paper. 

The scrapers should be of very good quality 
and very carefully sharpened; one may use a 
surgeon's lancet, a vaccinating pen mounted in 
a solid penholder, or a large tailor's needle of 
which the point has been hammered and ground 
so as to obtain an edge formed by two surfaces 
inclined at about 45°, the needle then being 
fixed in a wooden handle, or mounted in the 
handle of an engraver's needle. A small oil
stone (Arkansas stone, white and translucent) 
is used for sharpening the scrapers; the surface 
of this stone must be kept soaked with mineral 
oil. Sharpening is finished with a razor strop. 

It has also been suggested (R. Demachy, 1905) 
that engraving tools and the triangular scrapers 
used by engravers should be used for removing 
details or undesirable reflections from negatives. 
For local abrasion ot the film, the use of a 

1 The folding desks described in many catalogues 
should, as far as possible, be avoided. They may, 
however, be considerably improved by replacing the 
silvered mirror with which they are fitted by a matt 
opal glass, and the ground glass serving as a support 
for the negative by a piece of clear glass . 

, 
; 
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scraping brush of metal or glass wire has been 
recommended . 

We must a lso note the use of stippling tools, 
which are very like pencil-cases. In the inside 
of one of these tools is a point which is actuated 
by a minute elec tric motor, either wi th a to and 
fro motion or with an eccentric circular motion. 

The pencils for negative retouching are of the 
best -quality graphite, selected from the groups 
H, F , .HB , and B, l or the bare leads of similar 
grades mounted in the corresponding pencil 
cases, inside which the leads may be completely 
covered in order to protect them when not in 
use. 2 

Pencils should have long and very regular 
poin ts; the wood is cut for a length of It in . or 
2 in., care being taken not to break th e lead. 
A li tt le sq uare of emery paper is then folded in 
two with the emery inside; this is held between 
the thumb and fi rst finger of the left hand , and 
the lead of the pencil is int roduced into the fold 
and turned between the fin gers of th e right 
hand , a t the same tim e giving it a to a nd fro 
movement. 

Pencils will not as a rule mark bare gela tine 
or the varnishes generally employed to protect 
negat i ves; the surfaces must first be prepared 3 

by means of a special varnish (retouching 
med ium). 

Retouching medium may be prepared by 
dissolving gum dammar in benzene, or, better, 
in a mix ture of equal volumes of benzene and 
turpenti ne. The propor tions are I to 2 oz. of 
gum to 20 oz . of the mixture, adding a few drops 
of oil of lavender or castor oil. Turpentine 
could also be left for a long time in a bad ly
s toppered bot tle, where it partia lly resinifles, 
due to oxida tion by the air. 

The ou t fl t of the retoucher should a lso i nel ude 
a good lens, and in order to avoid the fa tigue 
resul ti ng from t he uneq ual use of the eyes with 

1 The letters constituting the dist inctive marks of the 
\"ario us g rades of penc il arc the initials o f the adjectives 
"ard, fi nn, a nd biac/I. The repetition o r th e letters H 
and B co rrespond to grades which arc o f inc reasing 
hardness or blac kness. I t must be remembered that the 
bare I cad~ increase in d iameter o n pass ing fro m the 
hardest to the blackest , and therefo re pencil cases 
marked with the same letters sho uld be used so as to 
a\"oid confusion. 

:! For some time past usc has been made o f pencil 
cases in the interior of wh ich the lead is actuated by 
longitud inal to and fro mo vemen ts or by eccentric 
circular motion. 

3 Tn o rd crto allow o f penc il work w itho ut varnishing, 
the negative may be treated wit h powde red pum ice 
gen tly rubbed in by circu lar movements of the palm 
of the hand . 

'2 1-(1'.5630) 

ordinary lenses, we cannot too st rongly recom
mend the use of binocular lenses making use of 
both eyes ; these lenses are generally fixed to 
the head by means of a ribbon , or by side pieces 
as in the case of spectacles, thus leaving both 
hands free . 

475. Technique of Retouching. Work with 
the scraper should always precede that with the 
pencil l and it must not be los t sight of that the 
retoucher should always restrict h is work to 
what is absolutely necessary , being guided by 
a good print from the negati ve. 2 

The scraper is used by its poin t or its edge, 
according t o the extent of the ma rks which have 
to be erased or the out lines to be modifi ed ; it 
must be handled very lightly in the same way 
that it would be used t o remove an ink mark 
on paper; avoid any heavy cuts which would 
pierce the gela tine. It must always be remem-. 
bered that the pencil must be used on the 
scraped parts in order to finish the work and 
to equalize the density on the scraped parts 
wi th those of the surrounding areas. 

Before proceeding to retouch with the pencil 
it will be necessary t o cover the portions to be 
worked on with a very ligh t coat of medium. 3 

F or this purpose, a very small wad of cotton 
wrapped neatly in linen is used with a drop of 
the medium on it, or the end of the finger may 
be used. The excess may be removed by rubbi ng 
wi th the palm of the hand. 

F or preference, the hardest pencil capable or 
giving the desired effect will be used; thus the 
B pencil will be kept for those parts of wh ich the 
density is to be considerably increased . The 
pencil should be applied very lightly in dots of 
fine ha tching, straight or curved, or in over
lapping circles . E ach mark should be so light as 
t o be hardly visible by itself ; the direc tion of 
the marks should follow the general lines of the 
subj ect . Fig . 177 shows on an en larged scale 
some of the styles commonly adopted for re-

• 

1 I n the case of a negative fro m which a port ion of 
the gelatine fi lm has been to rn away, the work o f 
retouching is greatly facil itated by inserting a frag
men t of fil m of d ensity s lightly less t han t hat o f t he 
s urro undi ngs. This film may be taken from a waste 
negative. 

:! Si nce gelatine always retain s a considerable a mount 
of moisture w hich docs not allow of the bes t conditio ns 
for working, it is advisable , before commencing retou ch
ing , t o d ry t h e negatives by p lacing t hem fo r some 
ti me in an oven or near a fire. 

3 Local application of medium to an unvarni shed 
negat ive sometimes leaves a s light halo. T his may be 
a voided by prev iously cleaning the negative wi th a 
wad soaked in a little turpenti ne . 
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touching. The pencil should always be applied 
very lightly, the pressure being slightly greater 
in the middle of each mark than at the extremi
ties. If it is required to darken certain parts 
of the image considerably, they must be worked 
over several times, each time putting on the 
marks at 45 ° to their preceding direction. Any 
retouching work which is too heavy may be 
lessened by scraping; moreover, at any time 
work may be entirely removed with a little 
turpentine or matolin. 

During the process of retouching, it is well 
to examine the negative from time to time by 
turning it gelatine side downwards on the desk 
in order to judge the effect better. 

Parts which are not dark enough, due to 
insufficient pencil work, may also be treated by 
st ippling them with a fine brush moistened with 
crimson lake (water-colour). 

After the retouching has been finished a trial 
print is made and is carefully compared with 
the original print. 

476. Added Backgrounds. Some photo-

graphers occasionally pose their models in front 
of a black background, filling in a background 
to the negative by subsequent work on the glass 
side. One of the methods used for this purpose 
is very old (La Bianchere, 1863) , and has even 
been used by some celebrated painters to make 
"negative drawings " of pictures and so to 
furnish an infinite number of prints by means 
of photographic printing. The negative (or 
plain glass) is placed on a black ground (velvet, 
cloth, paper) and the desired design is drawn on 
the glass by painting with white body-colour; 
it thus appears as a positive by reflection and a 
negative by transmitted light. 

For very simple backgrounds (draperies, 
clouds, etc.), a very light and uniform layer of 
finely-powdered red chalk may also be deposited 
on the glass; this is worked on by wiping off with 
a cloth or stump. In this way only very feeble 
contrasts can be obtained, but th e effect may 
be very agreeable . The work is protected by 
spraying a fixative or by covering with another 
glass. 

• 

, 

, 



CHAPTER XXXV 

VARNISHING, STRIPPING, NUMBERING , CLA SSIFICATION , AND STORAGE OF NEGATIVES 

477. Varnishing of Negatives. The varnishing 
of negatives ensures them against numerous 
accidents. It is advisable for negatives which 
are required for large numbers of prints, and 
which in time become scratched by rubbing . 
Varnishing is also advisable for negatives from 
which a large number of prints are required on 
silver print-out papers. In this way , any risk 
of staining the negative by soluble silver salts 
from the paper is avoided when the printing is 
done in very damp weather. Varnishing is 
strongly recommended for negatives which 
have been r~touched to any extent, but it is 
essential, in this case , to make sure, by tria l 
on a waste negative, that the varnish which it 
is proposed to use will not destroy the pencil 
retouching by dissolving the film of medium 
which serves as a substratum. Finally , when 
enlarging by direct ligh t , varnishing of the 
nega tive lessens the effect of minor superficial 
scratches which are not noticeable in contact 
prints. Certain varnishes, called hot negative 
varnishes, can be used only if the negative has 
been previously warmed to a temperature of at 
least 90° F. Unless this is done, a matt surface 
is formed by condensation of the moisture in the 
atmosphere on the surface of the varnish, which 
's cooled b y the evaporation of the solvents . 

Warming of the negatives is dispensed with 
if cold negative varnishes are used, the only 
precaution necessary being thorough drying of 
the negative beforehand. Varnishing of nega
tives, however, should never be carried out in 
a damp or cold room. 

478. Preparation of Varnishes. Varnishes pre
pared with alcohol are generally used for glass 
negatives, and, since they do not dissolve the 
dam mar of the medium, can also be applied 
to retouched negatives. Ordinary collodion to 
which a very small quan t ity of castor oil has 
been added is occasionally used; and a solution 
of celluloid in a myl acetate is sometimes em
ployed. Alcohol varnishes should never be 
applied to films (which seldom require varnish
ing), as the alcohol d issolves the camphor, which 
is one of the essenti al consti tuents of celluloid. 
Instead, a water varnish for retouched negatives , 
or a benzene varnish in the case of unretouched 
ones , should be used. 

It should be borne in mind that the various 
solvents usually employed in the preparation 
of varnishes are inflammable ; if it is desired , 
therefore, to hasten solution of the resins by 
warming the mixture, the operation should be 
carried out on a water bath after the flame has 
been extinguished. Ether, or any mixture con
taining ether, should never be heated. All ri sk 
of fire can be avoided by the use of non-inflam
mable solvents, such as carbon tetrachloride and 
other chloro compounds, in the preparation of 
varnishes. 

H ot N egative Varnish. The following varnish 
will take retouching quite easily , and is com
pounded in the cold or by aid of a moderately 
warm water bath. 

Sandarac • • • 

• E ssence o f lavender 1 

Alcohol, 96% , t o make . 

3 oz. ( 1 50 gn n.) 
'45 min. (15 c.c.) 
20 oz. ( 1 ,000 c.c.) 

Cold N egative Varnishes . Waste pieces of cel
luloid film can be used in the preparation of 
the following varnish , after they have been 
lexi via ted and dried-

Celluloid . • 1 50- 200 gr. ( 1 5 t o 20 gn n.) 
Amyl acetate, to make . 2 0 oz. ( I, OOO e.c.) 

For unretouched negatives , one of the follow
ing varnishes, which take work with a pencil 
easily, can be used-

Sandara c • • • 

Ace to ne . . • 

Crystallizable b enzene . 
D enatured alcohol , to make 

or-

2 oz. ( 1 00 grm .) 
8 oz. (4 00 grm .) 
8 oz. ( 4 0 gn n.) 

20 oz. ( 1 ,000 c .c.) 

Powdered copal resin . . I oz. (50 gn n .) 
G um dammar . . . 175 gr . (20 grm .) 
Carbon tetrachlorid e, to make 2 0 oz. ( 1 ,000 e.c.) 

The latter must be prepared boiling and filt ered 
while hot. 

Water Varnish f or F ilms. 2} oz . (125 grm. ) of 
white gum lac are dissolved in 5 oz. (250 c.c.) of 
a lcohol. When dissolved, 4 oz. (zoo c.c. ) of 

1 T he essence of lavend er, wh ich is v ery expens ive, 
is often rep laced by essence of aspic , which has si milar 
properties. 
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concentrated ammonia are added. The gum lac 
is thus precipitated in a finely-divided state, and 
the whole should be shaken several times to 
re-dissolve it (to a soapy resinous state) . Boiling 
wa ter is added to bring it to a volume of 20 oz. 
(1,000 c.c.), and the whole is kept on a water 
bath for a while. The liquid is never quite clear 

minutes, having ascertained that there are no air 
bubbles under the film, the latter is slowly lifted 
out, allowed to drain for a minute or two, and 
finally hung up by a corner unti l completely dry. 

When using a water varnish , the film s can , 
if required, be varnished as they come from the 
las t wash water. 

and should be used only after it has ------------,-------,--------, 
stood for some time. 

Benzene Varnish for Films. A 2 

per cent solution of gum dammar in 
crystallizable benzene is used. The 
film should be allowed to dry for 
several days, otherwise it might adhere 
to anything with which it is pressed 
in contact . 

479. Application of the Varnish. 
Plates to be varnished should be 
thoroughly dried by keeping them for 
some time near a source of heat. 

9 

I 

• • 
• 

7 \ 5 -:::::--,-- --=--- -~---> 
For cold varnishing, the plates are 

first dried in this way and should then 
be left on a marble slab until quite 
cold, and carefully dusted just before 
the application of the varnish. The 
knack of coating the varnish can be 
acquired after several trials, but its 
description is somewhat lengthy; 

FIG. I7 8. TvlANIPULATION IN VAR N IS HING A NEG AT I V E 

Fig. 178 shows the various stages of the 
opera tion. The plate is balanced on the fmgers 
of the left hand and kept level under the 
thumb at the left-hand corner. The varnish is 
poured on to the centre of the plate until it 
covers about one-third of the surface. It is then 
allowed to spread until the liquid reaches the 
two sides of the corner opposite the thumb. By 
continuous and imperceptible movements, this 
corner is inclined, and the other corners in 
succession, care being taken that the varnish 
does not reach the thumb and run up the arm. 
When the whole of the plate is covered, it is 
raised first at an angle of about 45° and then 
vertically, allowing the excess of varnish to 
drain into the bottle. While draining, the plate 
should be rocked from side to side to prevent 
streakiness. The negatives should then be put 
to dry, away from dust. 

For hot varnishing, both the plates and the 
varnish are first warmed, and the coating carried 
out preferably over a hot slab or a stove, 
observing the same precautions as given for cold 
varnishing. 

Films can be varnished by immersion in a 
dish which is filled with varnish to such a depth 
that the film is completely covered. After a few 

480. De-varnishing of Negatives. Glass nega · 
tives, which have been varnished, and which 
have been subsequently found to require after
treatment, can be de-varnished by allowing them 
to soak for some time in denatured (industrial) 
alcohol in which 2 Der cent of caustic soda or 

• 
caustic potash has been dissolved. The varnish 
very soon becomes milky and can then be easil y 
removed by gentle rubbing with a wad of cotton 
wool soaked in the alcoholic solution of soda. 
The negative is then washed in several changes 
of water and put to dry. 

A water-varnished film negative may be 
de-varnished by immersing in a very weak 
aqueous solution of caustic soda (about I per 
cent) to which about 20 per cent of industria l 
alcohol may be added t o avoid excessive swelling 
of the gelatine. The operation is completed by 
gentle rubbing with a tuft of cotton-wool, and 
washing in several changes of water. 

Gum-dammar varnish can be removed from a 
film negative by prolonged immersion in rec tified 
benzine (crystallizable benzene would evaporate 
too quickly). The cleaning is completed by 
rubbing with a wad of cotton-wool impregnated 
with crystallizable benzene, and the negative 
put to dry 

, -, 

• 
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481. Oiling of Paper Negatives. Prints may 
be made from paper negatives without treating 
the latter specially, but exposure is considerably 
prolonged, since the paper absorbs an appreci
able proportion of the incident light. 

To shorten the exposure it is usual to make 
t he paper translucent by impregnating it with 
a varnish or a fatty substance. It is essential 
in this case not merely that the paper be dry , 
but it should be dried by heat immediately 
befo re applying the treatment; otherwise the 
water imprisoned in the fibres prevents the 
penetration of the substance into the pores in 
places, and considerably accentuates the grain 
of the paper , which is then more marked than 
if the paper had not been oiled . The paper 
should be dried before a fire or in a hot-air oven. 

The most practical method of oiling consists 
in painting the back of the negative (placed on 
the bot tom of an upturned dish to avoid any 
proj ections) wi th a b rush dipped in vaseline oil. 
Two applications should be made with an 
interval of one hour between, and the oiled 
paper left for about two hours, afterwards 
removing any surplus oil by pressing between 
blotters. 

482. Stripping Glass Negatives. Stripping, 
tha t is to say, detaching the fi lm from the 
glass support , is used for certain methods of 
print ing which require a reversed negat ive, or 
to save a negative which is cracked but not 
broken (§ 436) or , on occasions, to reduce the 
space occupied by a collection of glass nega
tives. The fIlm can either be preserved as 
such, or on a fresh support. 

To avoid the distension of the gelatine when 
freed from its support, it must be very well 
hardened. Preferably the pla te should be kept 
a t least one hour in a 3 per cent solu tion of 
chrome alum or ordinary a lum, very summarily 
rinsed to a void crystallization of the a lum dur
ing drying, squeezed and dried. In case of 
emergency, formaline may be used (§ 427). 
Wha tever method of st ripping is employed , the 
gelat ine fil m is first cut through to the glass 
with a scalpel or a very sharp pen-knife, either 
about a quarter of an inch from the edge of 
the p late, or as fa r as may be done without 
encroach ing on the required subj ec t. 

Commercially, a solution of hydrofluoric acid 
obtained by d ilu ting the commercial product L 

with about roo times its volume of water, is 
1 Concentrated hyd rofluoric acid (solution o f about 

50 per cent) is very d angerous to handle; a drop 
fa lling on the hand causes a bli ster which takes a long 
time to heal, and infla mmation which spreads up the 

generally used (Bory, r884) for the purpose, 
which frees the gelatine by dissolving the surface 
of the glass to a slight extent. If stripping is 
carried out only occasionally, the difficulties 
arising from the use of hydrofluoric acid can 
be avoided by employing less drast ic methods. 
It is possible, for instance, to use a mixture, 
prepared at the moment of using, of equal 
volumes of a 5 per cent solution of sodium 
fluor ide, and of a 5 per cent solution of hydro
chloric acid or r per cent solution of sulphuric 
acid (measured in volumes) . 

After a few minutes the film becomes detached. 
To make sure, the margin beyond the cu t is 
tried with the finger-tip. The whole film may 
then be li fted off. 1 F or this purpose, a sheet of 
paper (preferably parchmentized, also called 
sulphurized paper, or, failing this, good-quality 
white paper) larger than the film, is previously 
put to soak in a dish of water. This sheet of 
paper is now placed on the negat ive, which is 
la id fl at on the table, and, working from the 
centre outwards, the wa ter is expelled by means 
of a squeegee or a soft, thick, rubber roller. A 
corner of the paper is then gently lifted until a 
corner of the film is visible. If the fi lm has not 
come away with the paper, it should be lifted 
with a blunt point (such as a so ft pencil ) to 
make it adhere to the paper and, taking hold of 
both paper and fi lm with the fingers, it is pulled 
off with a gentle and even movement. The film 
thus taken off with the paper can then be trans
ferred to its final support. 

The above method, a lthough quite suitable 
for small and medium sizes, is difficult for the 
treatment of very large nega tives owing to the 
fragile nature of the gela tine film. In such cases 
the film should be strengthened, before making 
the marginal incision , by coating it 'with a 2 

per cent solu tion of collodion to wh ich a little 
glycerine is added, and then left to dry.2 

ann . In dilute solution the acid is no longe r dangerou s. 
vVhatever its concentration, it dissolves glass, sto ne
ware and all usual l11ctals , and can there fore be sen t , 
stored and lIsed only in conta iners (bottles, fun nels 
and dishes) in gutta-pere ha , ce resine, moulded synthetic 
resins, or possibl y in susceptibl e Inatcrial s protected by 
a thick coating of varnish or paraffin wax . 

1 T o be certa in that the fi lm is not adhering t o t he 
plate, a waxed silk thread fix ed on a kind of bow is 
sometim es p assed between the glass and the film with 
o ne hand. 

:2 If the negative film is to be kept as such for mal{ in g 
prints which require a reversed negative , it should be 
coated with a syrupy solutio n of rubber before collodion 
varnish ing, and left unti l the ex cess of solution has 
dra ined off and the greater part of the benzene evap
o rated. 
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Prolonged immersion in the bath of fluoride 
solution is now necessary for the liquid to 
penetrate completely between the film and the 
glass . 

483. A slower but very certain meth od 
(Liesegang, I 892 , perfected by H. Drouilla rd, 
I 903) consists in placing the negative to be 
stripped, after it has been cut round the edges, 
in the following bath for at least h alf an hour 
(it can be left there all night ). This bath can be 
used repeatedly-

' Vater, to make 

Soda carbonate, 
anhydrous 

Formalinc 

Glycerine . 

20 oz. (r ,000 c.c .) 

260- 350 gr. (30 to 40 grm. ) 

• 

• 

I Oz . (50 c.c.) 

gom in. (10 c.c.) 

On removal from this solution, the surface 
of the negative is blotted off, and, without any 
rinsing, it is then left to dry completely, hasten
ing the la tter process, if necessary, by gentle 
warming . 1 The dry negative is now p laced in 
a solu t ion containing about 5 per cent of hydro
chloric acid. This causes an effervescence, some 
of the carbonic acid gas thus evolved being 
libera ted between the film and the glass . In 
this way the film becomes detached, or at any 
rate its adhesion is so reduced as to allow of it 
being removed on to paper as described above. 

Finally, attention shoLlld be called to the 
following rapid procedure, which is very suit
able for negatives of small size and which 
can be used after washing but before drying 
them (A. P opovitsky, I 900) . The negative is 
immersed for IO to IS minutes in a satura ted 
solution of potassium carbonate (§ 429), in 
which about 5 per cent of caustic soda or potash 
has been dissolved. The negative is then dried 
between blotters, polished wi th a soft cloth, and 
a cut made round the part required . One of the 
corners is then lifted with a penknife and the 
film detached with a gentle pull. 

484. Stripping of Film Negatives. It is some
times necessary to strip the gelat ine film from 
frlm negatives, even although such negatives, 
being ex t remely thin, can be printed from 
either side sat isfactorily , provided care is taken 
to avoid blurring, which might result from 
imperfect contact between the negative image 
and the sensit ive coating . 

For this purpose, it has been proposed 
(Lumiere, I 903) to swell the celluloid base by 

1 The drying rack should be placed in a clean dry 
d ish , as the film sometimes co mes off while drying. 

immersing it in one of its solvents, such as 
acetone, to which enough wa ter has been added 
to preven t solution. 

More recently, the following process has been 
recommended (Kodak Co. , I 922): The surface 
of the negative is coated with a 6 per cent 
solution of gelatine, flowed on at the lowes t 
possible temperature. After d rying, the film is 
placed in a st rong solution of forma line (25 to 
50 per cent of the commercial liquid) for about 
ten minutes, and then again dried. A cut is 
then made with a penknife, and the negative 
placed in a IS per cent solution of acetic ac id , 
when, after a few minutes, the gela tine film can 
be detached from its support. 

485 . Transfer of the Film to a New Support. 
When the film is to be transferred to glass or 
celluloid, the la tter should be previously coated 
with an adhesive, such as a weak solution of 
gum arabic, or with a solu tion of gelat ine of 
about IO per cent st rength 1 poured on while hot 
and allowed t o set to a jelly . The film can a lso 
be transferred to a piece of perfec tly clean glass 
which has been polished with French chalk or 
coated with a solution of wax in ether ; a fte r 
d rying the film on this temporary support , it is 
coated with a syrupy solution of rubber, allowed 
to d ry, and finally given a coat of collodion or 
celluloid varnish. 

Ei ther before or after transferring to the fina l 
support, the film should be washed with wa ter 
to ge t rid of the salts used in the stripping 
process ; when the washing is done before t ra ns
fe rring, a piece of plain glass , larger than the 
film, is placed on the bottom of the dish on 
which the film can be lifted out without ri sk 
of tcaring it. 

Care should be taken to put the right side of 
the film in contact with the support. The side 
will vary according as the film is placed on a 
temporary or a fina l support , or if it is to be 
used for making d irect or reversed prints. If, 
when the 111m has been taken off on a piece of 
paper, the upper surface is not that which must 
come into contact with the support, it can be 
transferred to anoth er piece of paper and then 
applied to the prepared surface of the final 
support, which has been evenly wetted (or 
coated with a solut ion of gUill, if this adhesive 

1 When the new support is to be cellul oid, this 
gelatine should be di ssolved in g lacial acetic acid of 
about 10 per ce nt strength, after which about a quarter 
o f its volu llle of alcohol is slowly added, so as to make 
the gelatine ad here to the ccllu loicL J':o r the occas ional 
stripping of a negative a fixed-out and w ell-washed 
film or plate can be u ed . 
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is used). The excess of liquid is removed with a 
squeegee or a rubber roller. 

486. Removal of the Gelatine Coating on the 
Back of Film. When the gelatine coating on the 
back of a film has been stained or scratched it 
can be removed fa irly easily (J. 1. Crabt ree and 
F. E. Ross, I926) . To do this, the emulsified 
side of the film is applied to an adhesive surface, 
and perfect con tact is ensured by passing a soft 
rubber roller or squeegee, care being taken that 
there is no defect in contact at the edges of the 
film in a width of about ~ in. 

Til e waterproof adhesive su rface can be a 
glass covered with rubber (coated at least 
30 minutes previously with a thin layer obtained 
by evaporating a syrupy solu t ion conta ining at 
least .'i per cent a myl acetate) , a glass covered 
with a coating containing vinyl resins (§ 283), 
or surgical rubber strapping. The back surface 
is then moistened with a mixture of equal 
volumes of water and acetone (§ 484) . When 
the work is fini shed the film is separated from 
the adhesive and cleaned with petrol. 

487. Removal of Films from Waste Glass and 
Celluloid Negatives. In cleaning off the films 
from old negatives 1 and for . recovering the silver 
contained in the films, the simplest method 
consists in softening the gelatine by long 
immersion in water to which a small quantity 
of caust ic soda has been added, and then dis
solving it by placing in very hot water. The 
partly melted gela tine is then scraped off with 
a piece of wood, and the cleaning of the support 
completed by leaving it for a minute or two in 
a very weak solution of eau-de-Javelle (sodium 
hypochlorite) followed by rinsing in cold water. 

Another method is to soak the gelatine in a 
solution of soda carbonate of about IO per cent 
strength to which a lit tle caustic soda has been 
added; when dry, the film is stripped off by 
treat ing with hydrochloric acid, it being of course 
unnecessary to take any of the precautions given 
above for proper stripping . 

488. Titles, etc., on Negatives. Numbers, 
titles, and signatures may be added by cutting 
out the letters from a dense part of the image 2 

1 Commercially, various enzymes are used to re
move t he gelatine "by digestion. " Celluloid films 
which have been freed from gelatine with caustic soda 
and insufficiently washed have been known to ignite 
sponta neo llsly while drying . 

'2 F or engraving negatives th ere have been placed o n 
the market bronze styles ft tted in an insulated handle 
a nd heated t o a bou t 1760 F., a nd connected t o a lter
nating Cll rrent by a small electric bell transformer. 
T he hot point m elt s the gelatine, leaving a tra nsparent 
line with sharp edges. 

with a fine-pointed graver, or by writing with 
a pen on a ligh ter part. The latter method is pre
ferable, being quicker, and the work is of better 
quality . Instead of writing in ink, which req uires 
the use of a retouching desk , it i s simpler to 
use yellow water-colour which has been thinned 
to a suitable consistency . The writing is then 
quite v isible by reflection, and can be done with 
the negative fla t on an ordinary table. It is 
usual to write from left to right, as is the practice 
of engravers and lithographic draughtsmen, on 
the negative, turned upside down, making the 
characters as shown in the accompanying 
specimen (Fig. I79). After a few hours' pract ice 
it is possible to write in this fashion quite readily 
and without using a specimen. 

In the case of negatives made for large num
bers of prints, the title is generally set up in 
type, and printed therefrom on to the negative. 1 

Special rubber type is sold giving an imprint 
similar to that shown in the specimen. When 
the letter has been assembled in th e t ype 
holder, it is prin ted on a thin part of the negative 
with a greasy ink. The density of the imprint 
is increased by dusting over with a little black
lead, afterwards brushing off the excess : the 
lead adheres to the greasy ink and not to the 
dry gelatine. 

Titles to print white on a black ground can 
also be set up in type and transferred to th e 
negative in various ways. The impression can 
be made on thin sheets of cellophane with a very 
stiff ink and moderat e pressure, dusting over 
wi th blacklead as above while the ink is still 
tacky . The titles are then cut out, and the 

The follo wing method of transferri ng an in scriptio n 
on paper to gelatine has been suggested: The inscription 
is written on glazed paper, usin g a glass pen, with a very 
co ncentrated solution of potassiUJTI ferricyanide thick
ened with a little glycerine and to which a small quan
tity of blue dye may b e add ed. The pap er is transferred 
to the gelatin e surface which has been previously 
moistened in the required place . Vlhen it has been in 
contact with the gelatine for a few minutes, i.e . when 
the s ilver has been attacked, the s ilver ferrocyanide 
so formed is dissolved out in a fixin g bath. The nega
tive should then be washed. 

1 Another method is as foll ows : Using a good type
writer, from which the ribbon has been temporarily 
removed, the title is written on a pi ece of ,"cry th in 
p aper which has been placed between the prepared sur
faces of t wo pieces of unused black carbon p ap er. I n this 
way the letters a re printed on both sides of the p aper 
at the same time , thus obtaining suffi cient density" 
A space for the title sh ould be reserved on the negat ive 
as follows : A black gu mmed str ip is stuck on the 
e mulsion before exposure o n the s ide corresponding 
t o the b ottom o[ the picture. This is detached before 
development so as to allow free access for the fixin g 
solution (E. J. Kloes, 1925). 
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printed side fixed to the gelatine with a very 
weak solution of gum arabic which has been 
applied on the part to be covered. 

The imprint can also be made on li thographic 
transfer paper with a good transfer ink. The 
titles, when cut out, are placed face upwards on 
a pad of damp blotting paper, and covered with 
some dry blott ing paper to prevent their curling 
up. 

Af ter a few minutes the soluble layer of the 
t ransfer paper becomes sufficiently moistened, 
and the p rinted surface of each strip can then 
be appl ied to the gelatine of the negative in the 
required position, causing it to adhere by pres
sure with the fingers. The back of the paper is 
dried with two applications of dry blotting 
paper, and the transfer done by pressure with 
a burnisher. After some time 1 the back of the 
paper is moistened with a paint-brush, a corner 
ra ised with the point of a penknife, and the 
paper li fted smoothly off. When the gelatine 
is dry, t he ink impression is strengthened by 
powdering with blacklead (D. Nyblin, 1916). 

Titles which have frequently to be repeated, 
such as a t rade-mark or a signature, can be 
copied on a cont rasty plate or film from the 
original. The prints can be made on transfer 
paper or on a very contrasty plate from which 
the film is st ripped , and applied while wet to the 
gelatine of the negative. 

For t itles to print black on a ligh t part of the 
picture, a fi lm llegative of the desired text 2 can 
be t ransferred to the negat ive after having 
scraped off the gelatine from an area to receive 
it, the title negative being secured with a weak 
solut ion of gum-arabic. 

In the case of a signature which has to appear 
in black on a white gro und, a method of double 
printing is genera lly used . A negative of the 
signature is made on a contrasty fi lm or plate, 
any small defects being carefully blocked out 
on the dense portion, and the sides extended 
with masks of opaque paper. After exposing the 
sensitive paper under the negat ive of the subj ect, 
it is then exposed under that of the signature, 
adjusting the latter to a suitably chosen position, 
or setting it against stops of thin cardboard 
cemented to the signature negative. 

1 J udgi ng the co rrect length of time is the beginner's 
only di fflculty. It is thereforc advisable to take a t 
least two proofs of each specimen, so that one can be 
used to experiment with on a waste negative . 

~ Thi s text can be made, fo r instance, with the help 
of a stencil (cut-outs in a disc or rul er of cellulo id ) of 
the ty pe used by ind ustrial artists or for titling amateur 
c ine fi lm, and which permits of normal or re versed 
writing at will. 

489. Classification of Negatives. A methodical 
classification is necessary in order that negatives 
required for any purpose can be found without 
loss of time. To th is end, all negatives should 
be numbered and arranged in numerical order. 
Since negatives of different sizes cannot be kept 
together without risk of accident, it is advisable, 
in order to avoid mistakes, to adopt a separate 
numbering for each size. Each size then form s 
a series designated by a let ter which precedes 
the number. 1 

An index of the negat ives will naturally be 
carried out difierently by a professional, amateur 
or research worker, classifi cation being according 
to commercial importance in the first case, 
whilst technical information is of primary im
portance in the last two cases. 
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. 

Such a file-index, besides containing numerical 
classification da ta (negative number, date, type 
of subj ect), and particulars of accounts (details 
of the order, agreed p rice, amount of deposit, 
promised date of delivery , amount payable) 
may also con tain any information which is 
likely to explain the cause of a failure or deter ior
ation , and any facts which will enable one to 
profit in the future by the experience gained 
(camera used, nu mber of plate-holder or chang 
ing box, lens aperture, p late used, light-filter, 
ligh ting, exposure, ancl any further details). 
The register may also conta in any data whi ch 

1 It may not be always necessary. however, to mark 
the series letter o n negatives of the co mmoner size. 

• 
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might facilitate the future use of the negative 
(suitable methods of printing, the best conditions 
for printing or enlarging, the most desirable 
method of mounting proofs, etc.) . 

In some cases the index can be usefully 
supplemented by a complete collect ion of actual 
prints contained in an album or card index fil e. 
Al! or some of the particulars mentioned above 
(with, of course, the exception of accounts) may 
then be written at the side or on the back of the 
prin t instead of in the register. 

490. Storage of Negatives. The most econ
omical method of storing glass negatives, and 
that which requires the leas t space, is to keep 
them in the cardboard boxes in which they were 
originally packed. Each negative should be 
protected by a wrapper of some kind, 1 on which 
the series let ter and the number of the negat ive 
is written, to avoid the negative being scratched, 
or the retouching, working-up, or title on the 
negative being rubbed off . These wrappers 
should be made preferably of translucent paper 
(crystal paper) so as to allow of the negative 
being identified without removing it from its 
wrapper. The boxes should be kept on shelving 
in the same way that volumes are placed in a 
book-case, and labels indicating the lowest and 
highest numbers of the negatives contained 
therein should be stuck on the side of the box 
or lid, exposed to view. Apart from the fact 
that this arrangement of the boxes on edge 
a llows of their being taken ou t and replaced 
without disturbing the others, the boxes of 
negatives suffer the least possible strain, and 
are therefore less exposed to acciden ts. Owing 
to the considerable weight of a fair-sized collec
tion of glass negatives,2 the shelves should not 
be fixed with brackets nailed to the walls or 
partitions, but should be supported either by 
iron brackets (corbels) securely screwed to the 
wa ll, or by wooden supports fixed to the wall 
and resting on the floor, placed close enough 

1 The tran sparent envelopes usually sold for negative 
storage are quite suitable for fil ms, but to tally unsuit
a ble for pla t es. The sharp edges of the glass cu t th e 
envelope when the plate is slipped in, and after a 
cer tain amount of handling, the edges of the envelope 
which overlap the plate become creased and bent. 
Again, the film side of the negative should never be 
allowed to come into co ntact with the gummed part of 
such envelopes, s ince gunl of bad quality has been 
known to cause deterioration of the image. 

!! The maxi mu m load usually allowed in mod ern 
residentia l buildings (i n France) is abou t 60 lb. per 
square foot (300 kil ogm. per sq uare metre). 

together to prevent any appreciable sagging of 
the shelves. 

Similar arrangements could be adopted for 
storing a small quantity of fi lm negatives, each 
film being protected by a transparent envelope. 1 

For large collections, boxes made of sheet-iron 
are employed, in which the envelopes are 
arranged vertically , in the manner of a card 
index. Negatives should be stored in a room 
which is neither too damp nor too dry . 

In Great Britain the storage of celluloid in 
the form of sensitive film or celluloid negatives 
is subj ect to the regulations set forth in " Statu
to ry Rules and Orders, 1921, No. 1825" (H.M . 
Stationery Ofiice, London, Edinburgh , Man
chester, Cardiff, and Belfast, price Id.), under 
Section 79 of the Factory and Workshop Act. 

As regards sensitive film s, kept on premises 
in a quantity which as a rule does not exceed 
14 lb ., storage in a drawer or cupboard in a 
private office or other room in which no hand
ling of celluloid is done, is officially regarded 
as complying with the requirement for " safe 
t " s orage. 

The regulations in respect to developed nega
tives will depend to some extent on the amount 
of such negatives. Where the latter are of 
considerable weight, they require to be kept in a 
fire-resisting store, such as a cabinet or cupboard 
constructed of fireproof mate rial, e.g. sheet 
metal, asbestos sheeting, or wood effec tively 
treat ed to resist flame. This store requires to be 
of sound construction and is to be kept locked . 
The door or lid needs to be so arranged that 
there is no naked light or open fire near at hand. 
The store should not be situated in a workroom 
where celluloid is handled, nor on a stair, nor near 
a door, nor in a passage through which persons 
might have to pass to escape in the event of a 
fire. The nature of the contents should be 
clearly marked on the outside of the store, and 
a cautionary notice put up prohibiting the use 
of naked lights. An adequate supply of buckets 
of water should be kept always available close 
outside the store, water being the best extin
guisher of burning celluloid. 

The foregoing recommendations are for general 
guidance, and are subj ect to modification, 
according to the quantity of celluloid, or on 
account of the design of the building or nature 
of the processes, at the discretion of the District 
Inspector of Factories. 

1 Attention may be d rawn to the albums containing 
envelopes of t ransparent paper for this purpose. 
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491. The Principal Printing Processes. A great 
number of photo-chemical reactions are known 
on which processes fo r producing photograph ic 
posit ives can be based. There are also various 
reactions by means of which the substance of 
the image produced by the act ion of light can 
be modified, t hereby altering its colour (toning) . 
For this reason the study of these processes must 
be necessarily limited t o those in current use, and 
to any others of particular or special interest. 

Any classifi ca tion of working methods is to 
a great extent a rbit rary; in the following pages 
a classification based on the nature of the 
photo-chemical reaction has been adopted . 

492. Methods of printing with silver salts may 
be convenien tly divided into two principal 
groups. according as the image is entirely 
formed by the action of Jigh t (these are known 
as print-out processes, also called P.O .P .) , or 
whether it is obtained by the development of 
a la tent image by a process very similar t o tha t 
used for the production of negatives. 

In the fi rs t case a halogen salt of silver (most 
usually t he chloride) is used in conjunction wi th 
either a solub le salt of silver or some other 
substance capable of absorbing the halogen 
liberated by the action of light (a developer , for 
example, or some other reducing agent). The 
sensitive compounds may be formed either in 
the support itself, or in a " sizing" with which 
it has been previously coated (albumenized or 
salted papers) , or an emulsion of the sensitive 
material may be prepared with gelatine or 
collodion a nd afterwards coat ed on the required 
support (gelatine P .O.P.; collodion P.O.P .) .l 
Certain papers belonging to this latter category 
contain the necessary toning materials (gold 
salts, or, more usually , selenium or tellurium 
compounds) , incorporated in the actual emul
sion, and are then known as self-toning papers . 

1 It shou ld be pointed o u t here that t hese pape rs 
can b e a lso used for the physical d evelopmen t of a very 
weak image which has been obtained by exposure to 
light fo r o n ly a part of t he time necessary to prod uce 
a picture of satisfactory density_ 

A considerable quantity of light is required to 
form an image on these various sensitized 
papers (exposures of the orde r of a quarter of an 
hour in good diffused daylight are required 
when printing from a negative of average 
density) and the various manipulations can 
be carried out in weak dayligh t. T hus it is no t 
practicable to use such papers for p rojection 
print ing (enlarging or reducing). The final 
tones of prints obtained in this way usually 
vary from reddish-brown to purplish-brown. 

In the second case (development papers) , 
apart from having a very much slower speed, 
the emulsions do not differ essentially from 
negat ive emulsions. F or a long time manu fac
turers have made such sensit ive papers in the 
form of gelatine emulsions, although several 
attempts have been made t o use collodion fo r 
the purpose. The sensitive substance may be 
either silver bromide, silver chloride, or a 
mixture of the two. In all cases, such emulsions 
are too fast to allow of their being used fo r 
daylight prin t ing. Gelatino-chloride emulsions 
are considerably slower than gelatino-bromide 
ones, and are insensitive enough to allow of their 
being handled in weak artificial light without 
the use of a safe light. This fact has led to their 
being incorrectly called gaslight papers (to be 
handled in gaslight). Silver bromide or sil ver 
chloride papers normally give black tones, whilst 
chloro-bromide em ulsions, which are of inter
mediate sensitivity , are used as a rule for t he 
direct production of warm tones. These various 
emulsions, and par t icularly the more rapid ones, 
constitute t he bes t m aterial for enlarging 
purposes. 

All the above-men tioned variet ies of silver 
papers are often made in several grades for the 
printing of vigorous negatives (soft papers) , 
normal negatives, and weak negat ives (contrasty 
papers) respectively. 

Toning of the silver image can be done either 
by replacing it by other metals (gold, platinum, 
etc.) or by converting the silver into a coloured 
compound (brown silver sulphide), or in to a 
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colourless substance by which a certain quantity 
of a coloured compound can be absorbed. The 
last-named process allows of a very wide range 
of colours being obtained. 

493. Ferric Salis, more particularly the 
or'(anic salts (tartrate, citrate, oxalate, iron
carbonyl, etc.), are converted into ferrous salts 
by the act ion of light. This property may be 
taken advantage of in various ways by reason 
of the very different reactions of these two classes 
of compounds. 

Ferrous salts give a blue precipitate with 
potassium ferricyanide, whilst no precipitate is 
formed with ferric salts, and it is possible to 
obtain a blue image which can be fixed by simply 
washing in water. Ferro-prussiate papers, based 
on thi s reaction, are used industrially in large 
quantities for making copies of tracings, the 
" blue-prints" thus obtained consisting of white 
lines on a blue ground. 

Ferrous compounds are capable of reducing 
the salts of the precious metals to the metallic 
state, and this property forms the basis of the 
hallitype process and the platinum process. Such 
processes give grey or black tones by simple 
washing in water or by treatment with a solvent 
capab le of dissolving the ferrous salt formed and 
also the silver or platinum salts. 

494. Various animal and vegetable colloids 
(gelat ine, albumen, gum, etc.), when impreg
luted with a bichromate and exposed to light, 
are tanned by the chromium oxide which is 
formed during the photo-chemical decomposition 
of the bichromate. Differences of solubility and 
permeability between the parts exposed to 
light and those protected from its action may 
be used to obtain photographs in a large number 
of ways which have the following characteristic 
in common : In all cases the image consists of a 
pigment (colour in powder-form, or ground with 
oil) or a colouring matter which has taken no 
part in the reaction (pigment prints). 

For example, suppose a finely powdered pig
ment is incorporated in gelatine, and the mixture 
coated on paper; after sensitizing with bi
chromate it is exposed to light under a negative 
(neglecting for the time being the transfers 
usually necessary). It is then treated with warm 
water, which dissolves the unhardened gelatine, 
gradually revealing the picture, which now 
consists of pigment incorporated in insoluble 
gelatine. W'hatever the chosen pigment, such 
papers are known as carbon tissues, since lamp
black was the pigment with which they were 
first made. 

A film of bichromated gelatine, which has been 
washed with water after exposure to light under 
a negative, is not wetted in those parts which 
have been protected from light-action. Now 
greasy inhs are repelled by a wet surface, and 
can adhere only to a dry one, so that inking 
with a brush or roller will thus form an image 
consisting of printing ink, which can either be 
kept as such, or transferred to plain paper (oil 
prints, transfer prints in greasy ink). 

A layer of bichromated gelatine which has 
been exposed t o light under a positive is capable 
of absorbing dye from a dye-bath in the parts 
which have been protected from the action of 
light, as the dye is not able to penetrate those 
parts which have been rendered impermeable. 
In this way it is possible to obtain a perfectly 
transparent picture consist ing entirely of stained 
gelatine (hydrotype) . 

Another process is as follows: GJass is coated 
with a thin layer of a mixture of gum-arabic, 
some hygroscopic substance (honey, glucose, 
sugar), and a bichromate, and the whole dried 
by gentle heat. This is then exposed under a 
positive, and a finely-powdered pigment spread 
with a brush over the surface. The moisture of 
the atmosphere, which is absorbed more rapidly 
on the parts protected from light than on those 
which were exposed, renders the gum-arabic 
adhesive again and capable of fixing the powder 
which has been dusted on, thus forming a 
positive picture when the excess of powder has 
been dusted off. This can be permanently fixed 
by varnishing if an inert powder has been used 
(e.g. plumbago), or by baking if the colour is 
vitrifiable (powder or dusting-on process; photo
graphic enamels, and photo-ceramics). 

495. An image consisting of metallic silver 
can be converted into a pigment one, or it can 
be utilized to obtain a pigment image in another 
layer of gelatine. For this purpose, the silver 
is caused to bring about a reaction, giving ri se 
to tanning products which can render insoluble 
the gelatine in immediate contact with the 
original silver image. 

In this way a developed print on gelat ino
bromide paper may be either converted into an 
image in greasy ink (oil or Bromoil process), 
which can be further transferred to plain paper, 
or it can be used to insolubilize the gelat ine of 
a carbon tissue previously soaked in reagents 
which react with silver (ozotype process) . 

Finally, there may be mentionecl various print
ing processes utilizing photochemical reactions 
caused only by the extreme ultra-violet and not 
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by luminous rays, the images therefore not hav
ing to be fixed. (It is evident that the negatives 
must have a base transparent to the rays used, 
cellophane fo r instance.) The paper can be 
sensit ized, for instance, with a solution of ami no
phenol to which an alka line ni t rate has been 
added. 

496. Supports for the Photographic Image . 
Photographs can be made on, or afterwards 
transferred to, a large variety of mate rials : 
papers of various t extures, t ints and substances, 
fabrics (silk, canvas), metals or metall ized 
papers, glass, celluloid, etc. Of all these, the 
most commonly used support is paper, and the 
words" photograph," or " photographic prin t " 
are always understood to mean a paper prin t. 
Glass and celluloid (and its non-inflammable 
substitutes) are chiefly employed for diapositives 
or transparencies for ordinary and motion 
picture proj ec tion. 

An emulsion conta ining salts of si lver has been 
sprayed on to the inside walls of a room, first 
covered with plastic paint, for the purpose of 
the ir decoration by producing en largements on 
the walls (E. Mollo and H. C. Merrett, I934)· 

497. Photographic Papers. Positive photo
graphic papers (other than albumenized or 
salted papers which are made solely from rags) 
are usually coat ed with a thin layer of a sus
pension of barium sulphate, and sometimes 
kaolin, in gelatine, before coating with the 
emulsion, after which the paper is burnished 
with rotary brushes and calendered. This 
bary ta coat ing has two purposes. It insulates 
the sensitive emulsion from impurities in the 
paper (chiefl y metallic particles), and increases 
the brilliancy of the whites of the picture. The 
baryta coating is particularly thin on papers 
which are to exhibit a textured surface. 1 

Photographic papers are made in various 
thicknesses : thin (chiefly used for small-sized 
prints) , thick (used for large prints, and also 
for making prints with wide margins which 
a re not to be mounted), th in card or cardette 
(which is used almost exclusively for post-card 
prin ting) . 

Ph otographic papers can be obtained with 
smooth surfaces, or with surfaces which show 

1 Baryta papers can neith er be fo lded nor creased, 
especially when dry, without cracking alo ng the fold, 
and se ve ral man ufacture rs ofte n coat em uls io ns without 
bary ta coating o n papers intended for industrial or 
comm erc ial usc . Sens itive papers coated o n a tran s
lu cent base can a lso be obta ined , and are co loured 
through the back by plac ing them on a tinted or 
colou red background . 

a more or less marked texture (grained, rough, 
imitation linen, etc.). The smooth fini shes 
(glossy, semi-glossy, or matt) I are obtained as 
much by the composit ion and the method of 
application of the baryta coating as by the 
introduction into the emulsion of various sub
stances (e.g. crude starch) which are used to 
increase the matt effect. 

A picture is always sharper and more vigorous 
on glossy paper than on the other variet ies, the 
blacks being denser for the same quality in the 
whites. For this reason , such papers are used 
for purely record purposes, and for making 
prints for photo-mechanical reproduction. 2 

Glossy or semi-glossy papers are usually 
preferred fo r small or medium-sized prints, and, 
with the exception of the cases already men
tioned, matt and gra in-surfaced papers are 
generally chosen for large-sized prints and 
enlargements. In this way the excessive detail 
nearly always present in a ny photograph is 
minimized, whilst surface reflect ions, which are 
difficult to avoid when viewing a la rge picture, 
are reduced in some measure. At the same time, 
t he spectator is obliged to some extent t o step 
back, so that the picture is seen from the best 
viewpoint with regard to its perspective (§ 25). 

Photographic papers are made with either a 
white or slightly-tinted base (pink, mauve, 
chamois, for print-out papers; cream or chamois 
for development papers), and occasionally 
st rongly-coloured bases are obtainable (e.g. 
blue for pseudo-night effects) . H owever, a 
print on white paper can be given any desired 
tint or depth of tint quite easily by immersing 
it in a bath of suitable dye. 

To decrease the overcrowding of records, use 
is sometimes made of papers with emulsion on 
both surfaces, a temporary stain preventing t he 
light used for printing one surface from acting 
on the other one. 

There are also gelat ine-bromide papers with 
a removable sensitive coating which, after the 
print is finished (preferably afte r drying), can 
be transferred to any other support , such as 
paper with a metallized surface, wood, ivory, 
opal glass, etc. Treatment with tepid water 

I Semi-glossy papers are commonly called sem i-matt, 
velvet, satin, and (mistakenly ) ca rbon papers. Matt 
papers are occas ionall y quite erroneollsly given the 
name of plat ina-mat t . 

2 Photographs o f articl es for catalogue purposes are 
a n exception, as they us ually have to be wo rked up 
o r blocked out . For this reason smooth matt papers 
are used , s ince such papers take reto llchin g morc 
easily. 
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dissolves an under-coating of soft gela tine tem
porarily holding the emulsion to the paper. 
The inst ructions sent out with these papers 
must be fo llowed. 

498. Photographic papers can be obtained 
either in sheets of various sizes, which are sold 
in packets of 1 2 or in boxes of 1 00 (large-sized 
sheets are supplied rolled in a cylindrical card
board case), or on reels of various sizes in lengths 
of 1 0, 2 5, 5 0 , or 1 00 yards (10, 25, 5 0, or IOO 
metres) . 

Cut sheets of sensi ti ve paper sent out in 
packets or in boxes are sometimes protected by 
an inter ior wrapping of paper waterproofed with 
paraffin wax, contact of wh ich with the sensi
t ive surface can cause spots owing to the greasy 
material deposited on the emu lsion preventing 
the act ion of the baths. In the case of such 
packi ng it is necessary t o turn over the sheet 
of whi ch the sensitive side would touch the wax 
paper. 

It is well t o place sheets of paper required 
for immedi ate use in a perfec tly light-tight 
cardboard box, fitted with a closely-fitting lid, 
so saving t he nuisance of frequent re-wrapping. 
A II details concerning the nature of the paper 
should be written on the box or lid , so as to 
avoid any ri sk of confusion . 

In cases where it is necessary to use large 
sheets of paper for making small-sized prints, 
the best method of cutting up the paper with 
the least possible waste should be found by a 
few trial lay-outs. Unused paper should be 
handled only with clean and dry hands, avoiding 
contact with the sensitive surface as much as 
possible. When cutt ing-up paper, two sheets 
should be placed with the emulsion sides face 
to face, and the two cut at the same time. 

499 . P osit ive Pla tes. Although various a t
tempts have been made t o introduce positive 
plates coated with a print-out emulsion or with 
a n emulsion comparable with that of gaslight 
development papers, only two types of positive 
emulsions on glass are commonly met with 
in commerce. These consist of a slow gelatino
bromide emulsion for obtaining pictures of 
black tone, a nd a chloro-bromide emulsion of 
very fme grain a nd very much slower th an t he 
preceding one, giving a very varied range of 
warm t ones . With the latter plates, tones 
ranging from warm black to vermilion may be 
obtained by direct development, according to 
the methods adopted. 

In the case of t ransparencies which a re to 
be used for window decoration, the positive 

plates are coated with a matt emulsion, thus 
obviating binding up with ground glass. 1 

The range of tones obtainable on a trans
parency plate is very much greater than that 
obtainable on paper under the best condit ions. 
In fact , in a transparency, it is possible t o differ
entia te between black and a grey which trans
mits ,,/,"th of the light transmitted by plain 
glass . With a paper viewed by reflected light 
it becomes impossible to differentiate between 
black and a grey reflecting "0 th of the light 
refl ected by plain paper. 

500. Posit ive Films. P ositive cinematograph 
films are coated wi th a black-tone emulsion 
which is faster than that of positive plates, so 
as to allow of very rapid production in machine 
printing. The contrasty negative films intended 
for reproduction work may be successfully 
used for positi ve printing. They can be used 
advantageously for lantern slides made for 
exchange between slide makers and for circu
la ting collections, the film s being placed between 
glass for exhibition ; or, if sent between glasses, 
the latter can be replaced without damaging the 
slide itself in the case of breakage during transit. 

SO L Colour of Image and of Base. It has 
been shown that there is an almost unlimited 
choice of colours of the image and the tin t of 
the base of photographic papers. Although a 
sl ightly-tin ted base sometimes helps to suggest 
certain effects (§ 21), and variations in the colour 
and tone of the pictures themselves are usefu l 
in relieving the monotony of a collec tion, such 
means should only be used with discretion and 
in moderation. Engravings (lith ographs, etch
ings, etc.) and original drawings, for the execu
tion or printing of which the artist has a large 
selection of crayons or inks of the most varied 
colours at his disposal, a re often fin ished in a 
black or warm black tone on white or s]ightly
t inted papers rather than in bright colours 
(excepting, of course, originals in colour). 
I ncidentally, many cinematograph films would 
be all the better if they d id not contain such a 
complete assortment of all available colours. 
Still more should startling effects be avoided , 
such as would be given by the use of green for 
a portrait, or deep-red for a seascape or land
scape. Finally , the colour of the p icture and 
the tint of the base should be in perfec t harmony . 
Thus, a blue-black image would not suit a cream 
or chamois base , whereas a warm b lack picture 
would go well with a base of that colour. 

l One or two makers supply black-tone pos itive 
em ulsions coated on plates of opal g lass. 
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502. The Gradation of a Sensitive Paper. 
Let us suppose that a certain sensit ive paper , on 
free exposure to a source of ligh t for one minute, 
becomes tin ted just sufficiently to allow of its 
being distinguished from the origi nal whi te , and 
that afte r 30 minutes' exposure it a t tains its 
maximum density, which we will call black . 

If this paper is used for printing from a 
negat ive of which the highes t and lowest 
opacities a re in the same ratio as the exposures 
required to give the darkes t and lightest tones 
on the paper, that is, I and s'o th , a complete 
picture with tones ranging from pure white to 
full black will be obtained on exposing to light 
for a period of t ime slightly less than 30 times 
tha t req uired t o give a faint tint under the 
ligh tes t part of the negative . 

In this way, none of the tone values of the 
negative a re lost. The paper receives enough 
light to produce a black under the lightes t parts 
of the negative, while the quantity of light 
transmitted by the densest parts is not sufficient 
to produce the slightest tint, but the paper is 
just tinted under the slightly less dense portions. 
Thus, any differences in density are faithfully 
reproduced in the same ratio on the positive 
prin t. 1 

If we wished t o use t he same sensit ive paper 
with a negative the highest and lowest opacities 
of which are only in the ra tio of 20 to I, the 
positive print would not be able to give 
black and white simultaneously, while the steps 
between t he successive t ones would be consider
ably reduced. Instead of ranging from white 
to full black, all the tones would be comprised 
between whi te and a certain depth of grey, or 
between another grey and black. Actually , full 
black co uld only be obta ined under t he ligh test 
parts of the negati ve after 30 times the exposure 
necessary to produce the first perceptible tint 
had been given , but with only 2 0 t imes t his 
exposure the paper would have begun to da rken 
under the densest parts of the negative. 

Lastly, if we were to use a negat ive having 
highest and lowest opacities in the rat io of 40 

1 The b lackness, or reflection density, o f a poin t of 
an image o n a n opaque support is the logarithm of the 
ratio of the l ight intensities normally diffused at t he 
surface by a white and by t he a rea considered , both 
ill um inated under an incidence of 45 ° , 

With very rough papers it will be noticed that the 
density of a given area varies when t he paper is turned 
in it s own plane: the density passes alternately from a 
maximum to a minimum, according to the orientation 
of t he fibres relatively to t he plane of inc idence of 
light; it is then necessary to take the mean o f the two 
extreme values (n. . E. Owen a nd T . D. Sanders, I 933) . 

to I, with the same paper , we would obtain all 
the t ones ranging from whi te t o black, but a 
certain number of t onal values of the negative 
would be lost either in the light or the dark t ones 
or at both ends of the scale at the same t ime. 
Actually , with an exposure giving a faint image 
under the densest parts of the negative, that 
is t o say, an exposure 40 times that which 
slightly tinted the paper under the least dense 
portions, the paper would be completely black
ened under all t hose portions of the negative 
of which the opacit ies are between I and 13 ths. 
If, in order t o preserve the darker t ones, the 
exposure had been stopped at 30 times that 
necessary to tin t the paper under the lightest 
par t , there would be no image under those par ts 
of the negative where t he opacities range 
between 3'0 th and 41rth. Thus a certain number 
of the light t ones would merge in to the white 
of the paper. 

All that has just been said for print-out papers 
applies equally t o ~ther papers, i.e. those giving 
a silver image by development or a pigment 
image of any kind. 

503. The ra tio of the quantities of light which 
respectively give the darkest t one and the 
lightest tone which can be distinguished from 
whi te, for a given photographic paper, is often 
called the total gradation or gradation of the 
paper. 1 We have just seen t hat to obtain the 
best rendering from a paper, the prints must 
be made from a negative of which t he cont rast 
(the ratio of the h ighest and lowest trans
parencies or opaci ties of the negative) is equal 
to or less than 2 the gradation of the paper in 
question. 

1 :More accurately, the working gradation rather than 
the total gradation , is taken as denoting a paper, as the 
latter includes t he complete tonal range of t he paper 
fro m pure white to full black. The working gradation 
of a paper is t he r a nge from a very light grey, below 
which d ifferences in luminos ity of 1 0 per cent cannot 
be differentiated , to a v ery dark grey , above which 
details of luminosity of 25 per cent cannot be d is
t inguished (E. Goldberg, I 923). 

2 I t may be pointed o ut that it is not always neces
sary, nor is it even desirable, to make use of the com
plete tonal scale from white to b lack which is obtainable 
fro m a method of positive printing. In dull weath er 
the to ne values of a landscape range between light and 
medium grey, w ith no full blacks nor whites. I n the 
same way, in the portrait of a s itter in l ight clothing, 
the scale of tones is often comprised between white ancl 
a Iuedium grey . T hus on ly a fraction or part of th e 
available tonal ra nge of the paper need be used to 
reproduce the subject as it is seen, and it has been 
shown in t he preceding paragraph that this co ndition 
is fulfilled if t he gradation of t he p ap er is grea ter than 
the contrast of the nega tive. 

• 
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The table given below is a rough indication 
of the average gradations of various types of 
sensitive paper. It also indicates the range of 
extreme transparencies of negatives usually 
termed weak, vigorous, etc. 

Fortunately, a certain amount of latitude 
exists. Thus, a dark grey often appears black 
by contrast with a light tone, while on the 

Average values for the gradatiou of various 
papers 

Vcry contrasty papers • • • • • I 

Soft gaslight papers • • • • I 

Bromidc papers • • • fro m I : 40 to I 
Print-out papers • • • • • • 1 

Carbon tissues • • • • • • I 

Platinum papers • • • • • I 

• TO • 

: 20 

: 60 

: 60 

: 80 
• 100 • 

other hand, the sacrifice of a few details in the 
shadows of the picture does not always spoil 
the effect . 

But the principle should be laid down, viz., that 
every variety of sensitive pap-er corresponds with 
an optimttm ratio of highest and lowest opacities 
f or the negative, and that no negative can give 
equally satisfactory prints on papers having 
different characteristics. 

As it is impossible always to obtain negatives 
of the same character, except when working 
under strictly identical conditions, it is well to 
have two or three varieties of paper of different 
gradations at one's disposal, and to choose the 
paper which suits each negative best . The 
judicious choice of paper is one of the essential 
elements of success in photographic printing. 1 

This rule does not apply when printing on 
transparency plates of any kind. The latter 
can be used with very varied types of negatives 
by suitably regulating the exposure and time 
of development. For this reason transparency 
plates are not supplied in various degrees of 
contrast 2 as in the case of papers. 

504. P rinting Frames and Machines. Printing 
1 On silver print-out papers a nd on very contrasty 

development papers, both of very good quality. it is 
sometimes possible t o obtain prints in which, especially 
in the shadows, there can be perceived details of 
luminosity not perceptible when looking at the subject 
photographed, the ratio of the two luminosities involved 
being slightly increased. 

2 \ ,yhereas the density and contrast both com bine 
to increase over a long period when a transparency plate 
is bei ng developed, the maximum contrast is attained 
almost at the begi nning of devcloplncnt in the case of 
papers. This is du e to the fact that in examination by 
reflected light, the number of densit ies which can be 
distinguished from the maximum black attainable are 
very limited. 

may be done either in a printing frame or in a 
printing machine or box, the latter being a more 
or less complicated form of printing fram e com
bined with a box containing a source of light. 1 

These pieces of apparatus are essentially 
intended to ensure as perfect a contact as 
possible between the negative and the sensi
tive positive paper throughout the printing, 

Ratio of highest and lowest opacities of various 
types of n egative 

Very flat • • • • • • I :5 
Flat I • 10 • • • • • • • 

Average • • • • • • • I : 20 
Vigorous • • • • • • • I : 4 0 

Very vigorous • • • • • • 1 : 60 
and over 

complete protection of the latter from any light 
other than that transmitted by the negative, 
and to prevent any relative displacement of the 
two surfaces, which would produce a double 
image. Further, in the case of sensitive paper, 
etc., on which the image appears during ex
posure to light, one should be able to note the 
progressive "building-up" of the picture at 
any time, so that the printing can be stopped 
at the right moment. 

The chief advantage of a printing box over a 
frame is that the dark-room is not illuminated 
with white light during printing. In this way 
many precautions which would otherwise have 
to be taken are dispensed with , and several 
operators can then work at the same time. The 
usual type of printer, in which the negative is 
illuminated by diffused light , is not suitable for 
printing when making reproduced negatives or 
transparencies on rigid supports (positive plates). 
Defects in the plane surface of the glass never 
permit of two plates being in complete contact 
over their whole surface,2 and for this reason a 
perfectly sharp print can only be obtained if 

1 In passing, the automatic machines for com mercial 
printing on reels of paper should be mentioned. These 
are generally co mbined with mechanical equipment for 
developing, fixing , washing, and drying the paper 
continUOUSly. There are also semi-auto matic machines 
with which a considerable number of prints can be 
made on papcr in the roll o r sheet form, after which 
the prints are either finished o n a continuous machin e, 
or sheet by sheet in the us ual way. 

2 A glass negative does not press against the glass of 
the frame except at a limited number of points around 
which there are sometimes seen by reflection coloured 
fringes (Newton rings) of which the outline may be 
recorded in the prints . The formation of these rings 
can be avoided by interposing a matt-surfaced fi lm with 
the matt side in contact with the back of the negative. 
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we use a small source of light, fixed in position 
relative to the frame and far enough from 
the latter for it to be considered as a point 
source of light. 

505. In France the standard type of printing
frame for print-out papers is the so-called 
French frame, represented diagrammatically in 
Fig. 180. A piece of white plate glass, about 
i in. to ! in. (6 t o 8 mm.) thick 1 and free from 
bubbles and scra tches is placed in a hard wood 
frame with deep rebates. The negative to be 
printed is then placed face upwards on the glass 
support, then the printing paper , the sensitive 
surface in con tact with the film of the negative 
(with or without a mask between), then a 
resilient pad of thick cloth, felt, 
or spongy rubber (failing this , 
several thicknesses of soft t issue
paper) ; and, lastly , the back, con
sist ing of two or more hinged 
panels, is placed in position. The 
pressure-bars a re then closed and 
fixed in position. 

to the back, there is always a risk of moving 
the back, and consequently the paper on which 
it is resting. Any risk of movement can be 
prevented if the pins of the hinges extend from 
the back into grooves in the frame. 

A special t ype of frame, in which the back is 
fixed to the frame with well fitt ing hinges, is 
used in the few cases when the sensitive layer 
is coat ed on a rigid support (transparencies, or 
opal print-out plates) , or again in cases where 
the support of the sensitive layer is too soft to 
be replaced in exactly the same position on the 
negative a fter it h as been li fted up fo r exam ina
tion (silk and other sensitized fabrics 1). The 
negative is fixed in the fram e, and the sensit ized 

Frame 

With a frame of this kind, the 
state of the picture can be ascer
tained by d isengaging one of the 
pressure-bars, opening the corre-

k- .- - - - - - ---- -------- - - Aperture --- -- ----- --- - ---- -- . 

sponding fl ap, and gently lifting the pad and 
the paper. 2 

Various simplified types, called English or 
American frames, for sizes up to 7 X 5 in. 
(13 X 18 cm .) , are not fit ted with plate glass, 
or only with thin plate or ord inary glass if they 
are used for printing film negatives. Their 
inside dimensions sh ould then be only about 
.f7) in. (I mm .) larger than the negative. As 
the bars of such frames are usually fixed in 
position by turning them in a plane parallel 

1 To allow fo r expansio n of the g lass when printing 
in the sun or ncar an electric arc light, there should 
a lways be an apprec iable clea rance between the g lass 
and the frame. B ecause of the method of pricing plate 
glass (in F ra nce) the measurements of t he latter are 
usuall y in multiples of 3 em. (1* in .) . I n frames used 
for photo-mechanical reprodu ction where a considerable 
pressure is given by levers or screw s. the plate glass is 
replaced b y a transparent slab of glass which can be as 
thick as rt in. (30 mm. ). I n such cases the frame is 
strengthened with metal binding. 

2 In small fra mes, where the back consists of only 
two pieces, it is an advantage to have the hinges a 
third or a qu a rter along its length , so a s to a llow of a 
larger part of the picture being examined. Frame bars 
which are au to matically bolted with spring catches 
should a lso be menti oned . Again, there are certain 
patt erns of frame with metal strips fixed to the back, 
which ta ke the pressure of the spring, fac ilita te the 
manipulation o f th e latter, and prevent their denting 
the wood. 

F I G. 1 8 0. PARTS OF A PRI NTING FRAME 

material on the back. Similar frames have been 
used, which a llow of a transparent or t rans
lucent film (§ 516) being interposed between the 
negative and the sensitive paper during printing. 

Prints which a re made on development plates 
and papers, or carbon papers, where it is not 
necessary to judge the visible progress of 
printing, do not require the use of a frame with 
a divided back and separate fastenings ; the 
opening and closing involve unnecessary opera-
tions . . 

Various types of printing-frames with solid 
backs are obtainable with which several prints 
may be made from a part of a large plate with 
the certa inty that the picture will b" ident ical 
on each print (e.g. when printing on post cards 
or transparency plates) . The same result can 
be obtained by using a printing-frame fitted 
with a piece of stout glass, and temporarily 
fixing a piece of thin cardboard to the negative, 
into the opening of which the sensitive plate or 
card fit s closely . 

For making prints of tracings on ferro
prussiate or similar papers by a rtificial light, 

1 \Vhen using an ordinary printing frame, printing 
o n fabric may be done by temporarily stretching t he 
fabric and sticking it by its four corn ers to a piece o f 
fle xible card . 

-
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when the print ing can be done with a constant 
exposure after preliminary trials if all the trac
ings have been made on paper of equal trans
parency, a frame is used consisting of t wo 
haH-cylinders of glass fixed in a metal frame
work. The t racing and paper a re held against 
this curved surface with a strong linen blind or 
apron, which is secured by stretchers. The 
illuminati on is provided by a tubular lamp 
(mercury arc) fixed on the axis of the cylinder, 
or by an arc lamp which slowly moves up and 
down, with a correctly adjusted uniform motion, 
along a vertical line coinciding with the axis. 
In large studios, continuous machines are also 
used, the tracings and papers being carried along 
over a haH-cylinder of glass by an endless belt, 
moving at a speed adjusted t o the sensitivity 
of the paper. 

Lastly, in photo-mechanical work (photo
gravure, photozinco, etc.), a pneumatic print ing 
frame is used the back of which takes the form 
of a woven rubbered cloth edged with soft rubber 
grooving, which is pressed against the glass of 
the printing frame by another frame wit h lever 
ba rs. By means of a vacuum or water-pump, 
the space between th e glass a nd the apron is 
exhausted, the sensitive surface being then held 
against the negative by the p ressure of t he 
a tmosphere. The pressure being thus balanced 
on both sides of the glass, the la tter can be m uch 
thi nner t han in prin ting frames in which the 
glass receives a mechanical pressure on one of 
its sides only. 

506. At the present day , in order to ensure 
a rapid and regular output in a professional 
studio, printing on development papers is done 
almost exclusively in printing boxes, the first 
models of which appeared about 1900 . 

A printing box consist s essentially of a print
ing frame placed horizontally '. a t a heigh t which 

1 Certain types o f printers, w hich arc espec ially de
s igned for film negative printing, have the glass beel 
o n a slope I ike a d esk , a nd are then fixed at a reasonable 
height for a seated operator. The films arc kept in 
position by autolnatic claws gripping on the upper 
edge a nd operated by pressu re of t he foot on a pedal. 
A further set o f claws, controlled by another pedal , 
then hold t he paper in position u nti l the back has been 
ad justed in its place (Crayssac. 1922) . The advantage 
o f a printer of this kind is t hat t he sloping glass p revents 
dust from accumulating underneath the negative or 
between it and the paper. the d ust sliding easi ly of! 
the glass surface . Some printers used for the produc
tion of a mate urs' prints co mprise an automatic num 
beri ng machine fixed in the back, which p rin ts th e 
num ber o f the order o n the backs of all prlnts belonging 
to the same cllstOlner. The pressure of this numbering 
m achi ne mu st be applied only before t he pr inti ng 

22-(r.5630) 

is convenient for a standing operator, on a box 
light-tight but amply ventilated, enclosing the 
printing lamps and it red or yellow lamp (or 
an ordinary lamp in a light-tight lantern fitted 
with a red or yellow glass or flexible filter), 
allowing the paper t o be placed correctly on th e 
negative. The pressure-bar which is worked 
either by hand or by pedal, is locked auto
matically at the end of the stroke. 

The printer is often fitted with a switch 
which , when the back is in position and the 
paper in complete contac t with the negative, 
switches the current from the red lamp t o t he 
whi te lamps and back t o t he red lamp as soon 
as the back is released. 1 The use of such a 
swi tch is only advisable for current of low 
intensity . \"!hen using heavy curren t for print
ing on slow papers (400 watts or over) a switch 
should never be used unless opera ted by a 
carefully constructed relay. In all cases, red 
sight-holes should be provided t o allow of 
inspection of the white lamps. 

Very often the lighting of th e white lamps is 
controlled by a timing device which is released 
either by the closing of the back of the printer 
or by hand pressure on a lever. The exposure 
is then regula ted over a wide range either by a 
clockwork mechanism or by the escape of air 
or glycerine from a small orifice (as in a gun 
brake) .2 Rather than attemp t to regulate the 
exposure by altering t he cross-section of t he 
ori lice from which t he air or fluid escapes a 
method which is always uncertain in its results,
it is nearly always preferable t o keep the latter 
fixed and to adjust the time by moving a contact 
0 11 t he travel of a solid plug or block on the 
piston of the pump. With some printers the bolt 
which maintains the pressure on the back is 

exposure is made, or it m ust be weak enough no t to 
cause t he nu mber t o appear as a light imp rint in the 
image (§ 199). 

1 Non-electric printers a re fitted with a s ingle lamp 
arranged behind a shutter, consisting of a frame con
taining a yell ow or red glass o r fi lter. the frame 
uncoverin g the light by operation of the pressure back 

2 A device which is not d iffi cult to make and ensures 
identical exposures for a series of prints frOlll the same 
negative in an ordinary printing-frame is the following: 
T he frame is placed in a movable fra mework beh ind 
a ver tically-fixed panel, t he latter carrying a slit the 
he ight of whi ch is vari able, a nd behind wh ich is placed 
the lamp . 'The framework and frame are balanced 
almost bu t not quite exactly by a counter-we ight 
connected to th e framework by cords passing over 
fixed pulleys, and descend and pass always at th e sam e 
speed beh ind the slit . \ "'hen the frame is taken o ff to 
change the paper, the framework reverts to its starting
point (K odak Co .. 1909). 
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automatically released as the white light is 
cut off. 

In order t o allow of modifying the illumina
tion on the various parts of the negative by 
the interposition of suitably-shaped pieces of 
translucent paper, the printer is usually fitted 
with a sliding frame just underneath the glass 
negative bed. This frame is fitted with a piece 
of ground glass on which any shaped pieces of 
paper may be placed as desired. Besides regu
lating the exposure times, nearly all printers 
allow of the illumination being varied a t will 
by altering the dist ance between the lamps and 
the diffuser. In this case a number of suitably 
scaled positions should be m arked out, corre
sponding, for example, to illuminations which 

FIG . lSI. vAU LTY CONTACT OF 
PRESSURE BACK 

are double each other. Again, it is useful to 
be able to control the various white lamps 
separately , 1 or to move them in a plane parallel 
t o the diffuser, so that the illumination in various 
parts of the negative can be relatively increased . 

The beds of some printers are fitted with a 
number of stops which can be removed at will, 
and which allow a suitably-sized sheet of sensi
tive paper to be adjusted to such positions that 
six or t welve pictures can be made in regular 
succession on it from the same negative . If the 
exposure is automatically regulated by the 
printer, one can be certain that the prints will 
develop up identically, and consequently the 
images will be of the same depth. Other more 
complicated types are fitted with a movable 
carri age carrying the sheet of paper and which 
stops automatically in predetermined positions. 
Lastly , there are printers which are provided 
with spools for making separate prints from 
fi lm negatives in the whole strip, the film being 
moved for each successive exposure. 

Blurred patches, caused by defective contact, 
and often noticed on prints which have been made 
in a prin ter, are frequently due to insufficient 
pressure along the join bet ween th e two halves 
of the back . If there is excessive pressure on 
the sides of the latter, the defect is accentuated 
by a thick negative of very small size (Fig . 181). 
This difficulty can be overcome by placing the 

1 \"'hen the lamps are lnounted in screw sockets a 
quarter turn of the lamp which it is desired not to light 
is suffIcient. 

negative in a cardboard frame of about the same 
thickness as the negative. Blur which occurs 
in different positions in successive prints from 
the same negative is often due t o air pockets 
formed between the sensitive paper and the 
negative when the pressure pad is not slightly 
convex. This fault can often be avoided by 
passing the back of the paper over a hard 
wooden edge in such a way as to make the sensi
tive surface slightly convex. 

507. Light-sources for Positive Printing. 
Printing on print-out papers is nearly always 
done by the amateur in diffused daylight, but 
the control of printing is complicated to a great 
ext ent by the considerable variations which 
often occur in daylight from one minute to 
another. As normal production must be always 
possible, even in very dull weather,l most 
large establishments usually m ake use of 
arc lamps (preferably arc lamps consuming 
80 to 90 volts, i.e. enclosed arcs) or mercury
vapour lamps (§ 294), as sources of light for 
prin ting. In such cases frameworks are pro
vided t o take a fairly large number of frames 
arranged symmetrically round the lamp. In 
this way nearly t he whole quantity of light 
emitted is utilized. 

Printing on development papers should be 
carried out with much less powerful lamps. 2 

Incandescent electric lamps are generally used 
for the purpose, and according to the sensitivity 
of the papers usually employed their intensity 
should be neither t oo great nor too small. 
In this way both very short exposures, which 
are difficult t o time and repeat correctly, and 
long exposures, which slow down the work, are 
avoided. The fact that the distance between 
the lamp and the negative has a considerable 
influence on the illumination (§ 13), and conse
q uently on the exposure, should not be over
looked. To a void t oo considerable local varia-

1 I n ra iny weather daylight printing is only possible 
under a glass roof. 

2 A lalnp which does not allow of being turned on 
and off frequently can be used in the following way for 
bromide printing : there are one or two precautions 
to be taken, one being not to work t oo near a light
coloured wal!. The lamp should be placed in side a 
lidless box, the bottom of which is wholly or partly 
formed by yellow or red paper or glass , so forming a 
primitive clark-roOIll lamp. The top of the box should 
be cut away and replaced by a metal box, which is 
pierced so as to allow the hot gases to escape without 
letting out too much light. The printing frame is 
placed in front of the open sid e of this box for exposure, 
and is loaded in the shadow of one of the solid s ides. 
Sensitive and exposed paper is placed in a drawer 
which is only opened for a very short time . 

• 

• 

• 

• • 
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tions in illumination, the distance between the 
source of light and the negative should never 
be Jess than the diagonal of the negative. 

The voltage of the current supplied by electric 
light companies varies very considerably at 
different times of the day, being generally at 
a maximum in the daytime and at a minimum 
a t dusk. As variations in the voltage consider
ably influence the visual intensity of the emitted 
light, and still more its actinic intensity (§ 292), 
it is advisable to keep a voltmeter in the printing 
room, so that, as the result of a few tests, the 
volt-meter can be graduated in terms of equiv
alent exposure, arbitrarily assigning the value 
I to the exposure corresponding with the normal 
voltage specified by the supply company. 

For a small number of exposures on slow 
sensitive material (gaslight papers, warm-tone 
plates), the light afforded by the burning of a 
suitable length of magnesium ribbon is some
times used . The ribbon is fixed on the end of 
a needle and lighted with a spirit lamp. The 
light of the latte r has very little photographic 
action and can be left in a fixed position so as 
to mark the distance chosen for the combustion, 
the magnesium ribbon being removed from the 
flame as soon as it has begun to burn. 

508. Actinometers and Light Integrators. 
\Vhen using sensitive materials, such as car
bon tissue, which do not allow the degree of 
exposure to be judged by the eye, for printing 
in a variable light such as daylight, the time of 
exposure to light must be regulated by means of 
an ac tinometer. In this way the quantity of 
active light received by the frame may be 
approximately determined. 

A strip of sensitive print-out paper is exposed 
under a density scale in a small printing frame. 
The density scale may consist, for exa mple, of 
a bout ten thicknesses of tra nslucent paper 
placed on t op of each other, each piece being 
about half an inch shorter tha n the preceding 
one. The number of superimposed thicknesses 
is then marked on each step of this scale with 
indian ink (or any other opaque ink which is 
without action on the sensi tive surface). After 
exposure to light for a certain time the number 
of figures which appear light on a ground of 
greater or less depth can be read off on the test 
strip. 

In preliminary trials for the determination of 
the correct exposure, this actinometer is loaded 
wi th a fresh strip of paper, and the whole 
placed by the side of the printing fram e, both 
facing the same way. When printing is stopped, 

the last readable number on the strip is noted. 
In this way an equivalent exposure can be made 
at any time, or the exposure adj us ted as re
q uired, by exposing the frame for the time 
required for the same number to appear on the 
actinometer. The relationship will hold good as 
long as the strips of sensitive paper are of the 
same make (and batch), and undergo no cbange 
or deteriora tion. 1 

In indust ria l installat ions these exposures a re 
controlled by placing the photo-elect ric cell of a 
light-integra tor (§ 325, footnote) a longside the 
printing fram e and in the same plane as the 
sensitive surface. 

509. Effect of Illumination on Gradation. 
With a considerable number of sensit ive papers, 
the contras t of the print is affected in large 
measure by differences in the in tensi ty of the 
illumination used for printing (it being under
stood that the time of exposure is adj usted so 
that the same result 2 is produced each time) . 
It is not possible to formulate any general rules 
in this matter. 

By analogy with a phenomenon which has 
orten been noticed with print-out papers, it is 
freq uently thought that weak illumination 
always results in increased contras t. With 
certain gelati no-bromide papers, however, the 
contrast has been found to be independent of 
the illumination, while with others the contrast 
is reduced when light of low intensity is used 
(Ilforel Laboratories, 1925). 

A few systematic tests made by printing the 
same negative, on strips cut from the same piece 

1 The fact that t he effects of very weak a nd very 
strong illuminations are not proportiona l on a bich ro
mated filtn and on paper sens itized with si lver salts 
has someti mes been raised as an objection to this type 
of actinometer. T his objection , w hic h is morc theor
etical tilan p ractical , 111ay be overcomo as fo llows : strips 
o f wh ite notepaper are sensitized by immersion in a 
3 per cent solution of potassium (or ammonium ) 
bichromate, dried in the clark and used Ja r test ing. Two 
lon g pieces o( g lass, e.g. I X 1 0 in., arc clipped togeth er 
with strong rubber ba nds, after a piece of opaq ue 
paper has been gummed on the inside and over llea1'ly 
the whole length of one of them. One strip of bi chro
mated paper is placed between with the end slightlv 
protruding from the glass, and the who le exposed to 
light until the part which is protected on ly by the glass 
has turned brown. T o usc this actinometer, th e sen
s itive strip is drawn ou t a littl e way, and the time which 
the fresh p ortion takes to acqu ire thc tint of thc pre
vio usly darkened portion is taken as unity (degre 
A rtigue). after which a fresh section of th e paper is 
pulled out, and so on . 

2 The phen omenon already m entioned (§ 202, foot
note) of the lesser relative activity of weak illumina
tion is especially marked with posit ive developm ent 
em ulsions . 
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of paper, a t very different distances from a 
constant source of light will clearly show if 
variations in illumination can exercise any 
appreciable influence on the paper which is 
being used. 

510. Effect of Colour of the Printing Light on 
Contrast. It has long been known (Lehmann, 
1861) that prints of different contrasts a re 
obtained if a negative is printed on the same 
print-out paper through differently-coloured 
filters. 1 An analogous effect is known to occur 
very readily in aU prin ting processes based on 
the properties of bichromated gelatine. 2 

In particular with print-out papers, wh ere 
silver chloride is the principal sensitive material, 
th e contrast of the image may be sligh tly 
increased, especially in th e lighter rones, by 
printing under a light yellow filter, while a 
considerable reduction in contrast may be 
obtained by printing under a green or violet 
filter. 3 

It should be noted that the effect of the 
colour of t he ligh t may be very differen t from 
the examples given above when the negat ive 
is coloured instead of being of a neutral t int 
(e.g. when the negatives are developed with 
pyrogallol) . 

511. Calibration of the Negatives. The calibra
tion of negatives does away with a ll tria ls for 
the choice of a printing paper of suitable grada
tion, and for the choice of the best exposure 
when printing is effected in a reasonably constant 
ligh t. It results in a considerable saving 0 f t ime 
and materials. For t his calibration it suffices to 
measure by means of an appropriate photo
meter (densitometer), which is either a n indepen-

1 I n the case of colou rless sensitive layers wh ich are 
progressively coloured by the action of light, t his 
phenomenon has been explained as fo llows (L . Cazes , 
[897) : a ccording as thc radiations transmitted by the 
co lo ur~ftl tcr arc transmitted or absorbed by the 
colo ured image, so the protection which it exercises 
with respect to the parts underlying the sens itive layer 
is lessened or increased. 

2 In this case the phenomeno n has been ascribed to 
the orange colouration of the sensitive coating and its 
considerable absorption of v iolet and particu larly 
ultra-violet light . Moreover, the effect is more marked 
when the sensitive coat ing contains morc bichro mate, 
being consequently more deeply coloured. 

3 The necessary filters can be made by staining a 
plate which has been fixed in hypo , washed and dried, 
by immersion for about fi fteen minutes in a 0 ·2 per cent 
solu tion of auramine (yellow [dter) or in a 0 · 25 per cent 
solution of methyl violet (violet filte r), the plate being 
then allowed to drain and d ry (F. F ormstecher, 1925) . 
In practice a green filter cannot be used, as it co nsider
ably re tards t he appearance of the image when used 
deep enough t o be effective. 

dent instrument or forms part of the printer, the 
density of two suitably chosen areas of the 
negative. Con trary to instructions sometimes 
given, these areas are not always the most 
opaque and the most transparent. In the case 
of a portrait for instance, the image of a white 
garment or of a reflection from a jewel should 
not be chosen, the best lit portion of the face 
being adopted for representation by a grey 
which is almost pure white. In a landscape or 
interior including very marked shadows full 
detail in the latter wi ll not always be required, 
and the density will be measured in the image 
of the deep half-tone that it is desired to render 
as a dark grey scarcely different from black. 

The difference thus measured between the two 
densities is equal to the logarithm of the grada
tion of the paper, a characterist ic which it 
would be very desirable to see makers indicate 
on each packet. The instruct ions for some 
c1 ensitometers give average values for some 
papers in current use; it is easy to determine 
it by testing a sample from each batch under a 
calibratec1 sensitomet ric screen 1 

Knowledge of the maximum density, or at 
least of the greatest density requiring considera
tion, permits the optimum printing exposure to 
be chosen. If we know in well-defined condi
tions of illumina tion (intensity of light source 
and its distance from the sensili ve paper) the 
exposure necessary with a given paper, wi th a 
given development, to obtain a very light grey 
scarcely different from white, under a known 
density (e.g. under a sensitometric wedge) , then 
we can calculate the exposure required for the 
same grey under any other density (other concli
tions being the same) , the ratio of the two 
exposures being the number whose logarithm 
is the difference between the two densities 
considered . 

If, for instance, the optimum exposure was 
12 seconds under a density 1 '5, the exposure 
under a maximum useful density 1'9 will be 
obtained by mnlt ip lying the exposure of the 
tes t (it would be necessary to divide if the new 
density were lower tha n that of th e test ) by 
th e number 2 '5 , which is the anti-logarithm of 
oA, the difference between the two densiti es 
compared . H ence the new exposure is 12 X 2 '5 
seconds, or 30 seconds. 

1 This logarithnl is the produ ct of the constaut of the 
wedge used (increase of its density per centimetre) by 
the distance, m easured in ccntim_e tres on the test 
print, between the lightest g rey differentiated from 
white and the darkest grey differentiated from black. 

• 
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The calibra tion dat a or their p rac tical applica
tion (type of paper to be used a nd regulation of 
the exposure counter or rheos tat) should be 
wri tten in one of the margins o f the negative. 

512. Modes of Printing. A negative may be 
printed in solid, t he paper being entirely covered 
by the picture (at leas t a fte r trimming) , or 
prin ted tmder a mask, so as to leave narrow or 
wide white or tinted margins, or, again, vignetted, 
the tones of the image passing impercep tibly 
from their full in tensity t o the white or tinted 
base of the paper. 

It is a lways possible to improve certain parts 
of t he picture relat ively to others d uring print
ing by local varia tions either of the illumination 
or of the exposure. In this way the effec t of 
working-up the negat ive can be supplemented, 
or dispensed wi th a ltogether. 

There are various methods by which t oo great 
a sharpness of the image can be avoided, the 
effects of a sharp and diffused print being 
proportionally combined as required (§ 3I 3) , 
while excessive cont rasts in a photograph can 
be lessened by breaking-up the uniformity of 
the masses of shadows. 

Images can be combined in various ways, 
such as t he int roduction of a background 
or sky a fter the usual printing, surrounding the 
p ict ure wi th a toned border, or in other ways. 

93. Contrivances for Printing. The masks 
used to p rotect t he sensit ive paper d uring print
ing a re generally made of black paper free from 
pinholes or thin parts, sometimes of very thin 
red celluloid, or sheets of t in-foi l. Celluloid has 
an advantage in t hat it can be adjusted more 
easily on the negative, the image being visible 
through the mask. F oil is seldom used except 
in certain processes of photo-mechanical repro
duction where the prin t is on a r igid support. 
It can be used very much thinner than celluloid 
or even paper, and tllere is less risk of blurring 
being caused by bad contact. 1 

Cut-out masks 2 can be bought in various 
shapes and sizes rectangles with rounded 
corners, ovals, circles; also fancy shapes, the use 
of which is not a lways pleasing. Such masks 
are usually supplied with their corresponding 
opaque counterparts or counter-masks . The 

1 It has often b een suggested t hat r ectangula r 
masks be 11lade of four thin strips or screens, w hich 
can be moved along the four s ides of a frame or printer. 

2 A mask can be fixed temporarily on a negative 
so as to avoid any lTIOVClnen t when making a number 
of prints by placing a little r ubber solut ion on t he 
corners of the negative. T he rubber can be afterwards 
rubbed off t he negative a nd the mask with the fingers. 

counter-masks can be employed to obtain 
black margins on a print which has been already 
fully printed, by means of a second printing, 
the print being exposed under the counter-mask. 

A mask may also be cut out with a pen knife 
to any required shape, or, if a rectangular 
opening wi th sharp corners is required, it can 
be made by sticking strips with clean-cut edges 
on to the gelatine surface of the negat ive itself. 

When prin t ing from film negatives, the mask 
may be inserted between the negative and the 
glass of the frame instead of between the 
negative and the sensitive paper. 

In photographic establishments where ama
t eur 's work is undertaken, it is the practice t o 
supply the print with a narrow white margin, 
without, however, a ny trouble being taken to 
selec t the best opening or t he most suitable 
posit ion for the mask on the negative. In such 
cases a f rame mask or border mas!1 is genera lly 
used. One side of the mask is covered with a 
thin card, cut out to the size of the negati ve, 
which is thus automatically centred on the 
opening. When a border mask is to be used for 
prin t ing on large-sized paper or card, e.g. for 
printing small negatives on post cards, the paper 
may be adjusted more easily in the opening if 
a nother cut-out card is used, or clearly visible 
register marks are made on the existing mask. ' 

514. Printing with a Tinted Border. Pleasing 
effects may be obtained by surrounding a 
picture which has been printed on a larger size 
of paper with variously-sized borders or edgings 
in grey of di ffe ren t in tensit ies. These effects can 
be obtained by means of a combina tion of masks 
carefully cut and accurately marked in relation 
to the sensitive paper. 

In Fig . I 82, A and B represen t a mask and 
counter-mask respectively , the latter being of 
slightly larger dimensions (from t in. to t in .) 
than the opening in the former, so th at , when 
printed under a negative, a prin t is ob tained 
with wide margins, which, with the exception 
of a thin white edge (about 1 in. in width), will 
be of light or medium grey t one when exposed 
under the counter-mask. 

For printing film negat ives both the mask and 
counter-mask should be stuck in corresponding 
positions on pieces of glass sligh tly larger than 
the sensitive paper to be used ; the position of 
the latter is exactly determined by means of a 
" square " cut out of thin card and fixed along 
two sides of the glass to serve as a s top. 

F or prin t ing from glass negat ives the masks 
should be fixed in a cardboard frame the opening 
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of which is cut slightly larger than the plate, ing, vignetted prints can only give pleasing 
and in which the latter can be fastened with results if the subj ect has been taken in front of 
gummed strips of paper, the gelatine surface a light uniform or cloudy background without 
of the negative being towards the mask, while well-defined pa tterns. 
the " square" edge serving as a stop for the Vignette printing may be done either with a 
paper is fixed on the other side. glass or celluloid vignetting mask, which, except 

Before such border-masks are m ounted, the for a central portion, is coloured orange-red, or 
outlines of the picture and of each frame to by a series of cut-outs of translucent paper 
be used should be drawn on a piece of stout placed one over the other, the edge of each 
paper. The attachment of the mask and coming about ft in. behind the edge of the 
counter-mask should be done by the aid of this preceding piece. A zinc or flexible cardboard 

(A) (B) (C) 

pz" i I i 

F IG. r 82. BORDER PRINTING 

A, mask; B, counter-mask ; C, combined mask and countcr-m:lsk 

g uide-piece, one of the outlines being made flush 
with the side of each piece, after the guide-piece 
has been thrust as far as it will go into the 
cut-out square. 

Surrounds of several borders of different tones 
can be easily designed, and effects simila r to 
those obtained by multiple mounting with 
superimposed papers thus obtained. Instead 
of a piece of plain glass fixed to the counter
mask, it is possible to employ a negative 
reproducing the texture of a material such as 
coarse canvas. 1 Muslin or net can also be 
stretched on the glass. 

As an example of the various effects obtain
able in this way, a combination of mask and 
coun ter-mask is shown in Fig. I 82 , which allows 
of a grey border being made at some distance 
from the picture which is printed under the 
mask A. 

515. Vignetting. Leaving aside the case of 
vignettes with a dark background (so-called 
Russian vignettes) which are made under a 
counter-vignetting mask during a second print-

1 Again , instead of the pla in glass, a negative repro
ducing the s ignature o f the author, a monogram, greet 
ings, o r a elate o r title, lnay be used , such inscriptio ns 
then appearing in white on the grey of the surround. 

vignetting mask, with a finely-toothed or saw
edged opening, may also be used, and lastly 
there are various t ypes of home-made vignetters 
which are sometimes better sui ted to the shape 
of the subj ects. 1 

Except when using a vignetter of ready-made 
gradation, vignetted prints should always be 
made in highly-d iffused light, keeping the 
vignetter as far as possible from the negative, so 
as to produce a sufficiently large penumbral 
region (~ in. at least for average-sized pictures) . 
In nearly all cases it is further recommended 
that a piece of ground glass or other diffusing 
material be placed above the vignetter. 

Special care should be ta ken to ensure a per
fectly diffused light when vignetting prints on 
developing papers. Failing this, instead of 
directing the frame t owards the source of ligh t, 
it may be turned towards a large white surface 
illuminated as uniformly as possible by one or 
m ore lamps, the direct rays of which are unable 
to reach the frame. 

1 There w ere also iris vignetting nzashs, co nsisting of 
a large number of thin p lates or leaves each connected 
by a movable jo int t o a pivot in a light frame. These 
were used to produce openings of very varied shapes 
and s izes. 
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The simplest method of preparing a vignetting 
mask is t o cut in a piece of cardboard an opening 
of slightly smaller dimensions than the portion 
of the negative t o be retained. The opening is 
covered with a piece of translucent paper on 
which the outline of the unprotected part is 
lightly pencilled . Excellent results will be 
obtained if this mask is placed about I in. from 
the negative. 1 Another method is as follows: 
A counter-mask placed on a very uniformly 
illuminated opal or ground glass plate is photo
graphed purposely well out of focus. The 
resulting negative will form a vignette of 
variable diffusion , which can be varnished or 
bound up with a piece of plain glass so as to 
p revent the gelatine surface becoming scra tched. 

516. Local Control During Printing. The effect 
of retouching or other work on the negative may 
sometimes be completed or supplemented b y 
holding back the printing of certain parts of 
the picture. 

If, when using a printing frame, a suitably 
shaped piece of cardboard is held in the hand 
at a little distance in front of the frame during 
a part of the exposure to light, its shadow will 
be thrown on those parts of the picture which it 
is desired t o hold back. To preven t a sharp 
outline of the cardboard appearing on the print, 
it should be kept slightly moving t o and fro , 
ei ther in the same plane as the cardboard or 
perpendicularly to its own plane. 2 A frame 
with a translucent back has been used, so that 
the position of the shadow on the picture can 
be ascertained from the back of the frame. 

5 17· Reducing Contrast and Definition. Be
sides the methods already described in § 313 for 
obtaining prints with softened outlines, the 
following method can be used to reduce the 
contrasts t o a slight extent of a large picture, 
and especially of a picture containing large dark 
areas with little detail. During the whole or 
part of the exposure to light, an embossed film, 
a piece of closely-woven muslin or net, or even 
a film negative of average density of a definite 
pattern is placed between the negative and the 
sensi ti ve paper. 

F or printing negatives whose range of densi-

1 This piece is often cu t ou t of the b ottom of an 
old box so t hat its s ides ser ve t o keep t he opening at 
the required distance from the glass of the frame . 

2 "Vhen printing on papers in wh ich the image is 
visible in a frame which allows t he picture to be com
p letely uncovered, a noth er method is to p ain t the print 
itself by covering the su fficien tly ex posed p a rts with 
an opaq ue p igment {e.g. red or yellow water-colou~L 
which can be washed off afterwards. 

ties is greater than the gradation of the softest 
paper available, the negative can be doubled 
with a positive of suitable contrast (§ 444, foot 
note). In the particular case of silver develop
ment papers, recourse may be had t o the Sterry 
effect (§ 555, footnote) or to the H erschel effect 
(§ 57!, footnote). 

Besides the method of stylization already 
mentioned (pseudo-solarization, § 204), it has 
been suggested t o limit as follows the scale of 
t ones to a given number, say five , of grey t ones 
(Isohelie) . From the original negative the de
sired number of copies are made on very con
trasty plates, each with a suitable exposure. 
These intermediate positives are intensified so as 
t o constitute almost silhouettes. Finally , these 
are copied on thin fi lms in such a way as to 
have only very slight density, and these nega
tives are then superimposed in register to form 
the ultimate negative (W. R omer, 1932) . 

518. Combination Prints Insertion of Back
grounds Adding a Sky to a Landscape. It is not 
possible t o consider here every case in which a 
photograph can be " faked " by the photo
grapher, for example, by introducing a figure 
into a group or scene, or by inserting into a 
landscape a foreground from another negative. 
These combinations are always made by cutting 
out the parts of th e print t o be tra nsferred, 
thinning the edges of the paper, and s ticking 
them on the print of the group or landscape, 
concealing the joints by a little retollching 
and finally photographing the composite pic
ture. 

Three operations which occur rela tively fre
quently will only be considered here, viz., 
grouping of several portraits in one ph otograph , 
putting a background into a portrait , and adding 
clouds to a landscape. 

F or printing various portraits (the members 
of a family for instance) in desired positions on 
a single sheet of paper) made vignetted again st 
a white background, a model on glass is made 
(as specified in § 855 for printing stereoscopic 
positives from separate negatives) , and each of 
the negatives is fixed in suitable position on a 
glass of the same size as the desired photographs. 
When printing, this glass support and the sensi
ti ve paper (marked with pencil on the back to 
show the correct way) must be pushed up 
against the same corn er of the printing frame 
or of the printing machine. 

Film background negatives are sold which 
reproduce the standard types of professional 
backgrounds (draperies, cloudy backgrounds, 
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various interiors) of which the central portion is 
either completely transparen t or completely 
opaque. In the first case the masks are super
imposed on a portrait negative which has been 
t aken in front of a plain and very dark back
ground, the background and the subj ect being 
afterwards printed at the same time. In the 
second case, after exposing the paper under 
the negative of a portrait taken with a uniform 
white background (or blocked out afterwards 
to hide a defective background), it is exposed 
under the background negative, suitably propor
tioning the two times of exposure. 

The sky of a landscape negative which has 
been taken on an ordinary plate is usually of 
such a density that, when printed, it leaves a 
uniform white expanse of paper. Taking into 
account the fact th at, in the absence of clouds, 
the luminosity of t he sky decreases the higher it 
is from the horizon, it is possible to improve such 
a picture considerably by slightly greying the 
sky with increasing intensity from the horizon 
t o the upper edge. After making the print, it is 
exposed t o ligh t , and, at the same time, a piece 
of cardboard is moved in front so as to cover 
the p icture of the landscape and expose the 
upper part of the paper for a short period of 
time (with development papers, mark out the 
position of the horizon and expose the paper 
at some distance from a weak source of light. 
This second printing can sometimes be done 
during development, immediately the image 
begins to appear). 

Another method which is en tirely disapproved 
of by some workers, but which has frequently 
been used by others with great success, consists 
in the introduct ion of the clouds of another 
negative into a photograph. 1 Film negatives 
of clouds may be obtained commercially , but 
the choice is extremely limited , while the use 
of such devices leads to undesirable repetitions. 
Further, such negatives have been made under 
entirely unknown conditions. Now, in order to 
introduce a sky into a landscape, it is not suffi
cient that the lighting has the same direct ion 
in both parts of the composite picture, 2 but the 
endeavour should be made to combine only 
negatives which have been taken with the sun 
at about the same heigh t. (The curves in Fig . 
169, § 326, show the times when the sun is a t 
the same height. ) 

1 Let us 111cnt ioll, but only t o cond em n the practi ce, 
the detestable faking which consists in introd uc ing 
a rtificial clouds with the aid of tufts of cotton wool. 

, A film n egative of clouds can be used from either 
side according to the circumstances . 

F or this reason, landscape workers who make 
use of inserted skies nearly always form a col
lection of cloud negatives for themselves, 
together with part iculars of the conditions under 
which they were taken. It is advisable to varnish 
such negatives, so as to avoid any alterat ions 
which might occur during the various processes 
of manipulation to which they are subj ected. 

Othermorepunctilious landscapeworkers make 
two successive negatives of the same landscape, 
with the times of exposure suitably ad justed to 
render the sky and landscape correctly . If the 
landscape has a satisfactory sky , it is simpler 
and more economical to photograph it on an 
orthochromatic plate with a sui table yellow 
filter, even if the exaggerated contrast which 
sometimes occurs when a sky is photographed 
in this way has to be reduced when print ing. 

Before going into the method by which the 
two images are combined, attention is drawn 
to the frequent fa ult of giving too great a 
densi ty to the image of the sky. Except in 
s tormy weather, the darkest clouds are always 
very much ligh ter than the shadows in the 
landscape. The exposure under the cloud 
negative should therefore be kept fairly short, 
so as t o produce only a grey im age . 

Before proceeding t o combination printing, a 
mask must be prepared to limit printing of the 
clouds t o the parts which form the sky of the 
landscape. The counterpart of this mask should 
be used to mask the image of the sky on the 
landscape negative, if the sky t ends t o print 
out on the picture. This mask should be made 
by exposing a sheet of print-out paper under 
the negative of t he landscape until the line of 
the horizon is readily visible. With a fm e pair 
of scissors (embroidery scissors) this sheet of 
paper is very carefully cut along t he line of the 
horizon, and the two pieces of paper left in the 
light until completely blackened. 

The mask of the sky is then fixed on the back 
of the landscape negat ive, and the mask of the 
landscape on the back of the cloud negative, 
the blackened surface of the mask being upper
most. This work should preferably be carried 
out on a retouching desk . The masks are kept 
in position at several points with gum or rubber 
solution . Both printings should be carried out 
in diffused ligh t. 

If print-out paper is used , there is little diffi
culty in adjusting the paper, which already has 
the image of the ground upon it, under the 
cloud negat ive. 

If development paper is used for the process, 
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register m arks may be m ade on the negative, 
but it is simpler to proceed as follows : First 
expose th e paper under the landscape negative 
and develop it. As soon as the image appears , 
stop development with a solution of sodium 
bisulphite before full density is attained; place 
the print on a piece of th in celluloid (unless the 
sky negat ive is varnished), and fix t he whole in 
a suitable position behind the cloud negative. 
Make the second exposure, and replace in the 
developer, where the sky will develop up while 
the development of the ground is being com
pleted. The relative times of exposure can be 
determined by making a few preliminary t ests 
on pieces of the same paper. 

A sky may be added to a transparency more 
sim ply, viz., by printing the cloud negative on 
a second plate, which afterwards takes the 
posi tion and place of the usual cover glass. 1 

The direction of the light in the cloud negative 
must be chosen with regard to the fact that the 
picture is reversed. This method allows an 
excessively dense sky to be correc ted if neces
sary, by reduction, and simplifies the register 
marking of the two pictures . A sky may also 
be transferred to a positive transparency with
out any difficulty by the aid of a stripping posi
tive paper. 

519. General Hints. The glass of the frame 
or printer should be carefully cleaned on both 
sides, and the felt pads brushed before work is 
begun. The back of the negative should also 
be cleaned, if necessary. 

Carefull y place the negative correctly in the 
frame, wi th the gelatine side away from the 

1 The transparency o f the land scape can then be 
II sed as a mask when printing the sky by cov er in g the 
transparency with black paper roughl y cut to the 
shape of the horizon. 

glass support. Fix the mask, if any, in position 
and then the sensitive paper or plate, the sensi
tive side in contact with the negative, avoiding 
all contact of the fingers with the surface ; keep 
the whole in position by pressure with the hand 
while the first part of the ll inged back is fixed 
in place. 

To avoid errors in the number of prints to be 
made when using print-out papers, and if no 
counter is available, as many marks as there 
are prints required should be chalked on the 
frame and one rubbed out after each print is 
made. F or prints on development papers it is 
simpler to count out the required number of 
sheets of sensitive paper and place them in a 
separate box at the beginning. 

In exceptional cases, where it is necessary to 
make a print from the reverse side of a film 
negative,! or even from a glass negative, parallel 
ligllt or light from a point source at a great 
distance from the frame should only be used. If 
the printing is done in daylight, the frame should 
be placed at the bottom of a kind of long chim
ney made of a wooden framework covered with 
cardboard or paper, blackened on the inside, or 
lined with black material, the whole being turned 
towards the sky. When printing by artificial 
light, the source of light should be as small as 
possible, and the frame placed as far from it as 
is convenient without prolonging the exposure 
excessively . If an enlarging or projection 
apparatus which is fi t ted with a condenser is 
available, an almost pai'allel beam of light can be 
obtained by suitably adj usting the light-source. 
Printing can then be carried out nearer the 
lamp and with considerably shorter exposures. 

1 A reversed image can be utilized for one of two 
portraits \vhich are to n1ake a pair, in case the best 
p icture of each subj ect is faCing the same way . 



CHAPTER XXXVII 

SILVER PRI NT-OUT PAPE R S 

520. General. W e shall consider here chiefly 
those papers in which the sensitive material is 
silver chloride associated with an excess of 
soluble silver salts (nit rate, and organic salts, 
such as citrate, tartrate, etc.). 

According as the printing is carried out in 
weak or strong light, the colour of the image 
approaches blue-violet (the colour of image 
given by pure silver chloride), or red (the colour 
of image given by citrate or tartrate of silver; 
these salts are less sensitive, and so require a 
very strong light). The degree of humidity of 
the film considerably affects the colour of the 
image . A damp condition increases the sensi
tivity of the organic salts without affecting that 
of the chloride, and so, for a given exposure, 
the image is redder than that given by a dry 
film. 

With these print-out papers the image con
sists of silve r in a very fine state of subdivision 
(colloidal silver), adsorbed (solid solution) in the 
excess of silver chloride, and thus protected 
against certain reagents which attack metallic 
silverI 

The image is generally more contrasty when 
it has been printed by weak light than when 
strong light has been used (see § 510, effect of 
coloured light 2). 

If the exposure to light is prolonged suffi-

1 This solid solution of Inetallic silver in si lver 
chloride has for long been cons idered as a definite salt, 
the sub-chloride o f silver. It is now definitely estab
lished that silver sub-chloride does not exist and that 
the mixture (sometimes called the photo-chlorid e) can 
be obtained by coagulating a mixture o f colloidal 
solutions of silver and silve r chloride (Lilppo-Cramer, 
19 IO). The amount of sil ver per unit area of a very 
intense black is extremely small, An albumen paper 
which , before treatment , has an amount of silver salts 
equivalent to 0·68 gr. of silver per square foot has only 
0'09 gr. per sq, ft, after treatment (Haddon and Grundy, 
1895). This amount of silver, if in the condition of 
m etallic leaf o f the same area. (the thinnest beaten 
leaves that can be obtained are mu ch thicker), would be 
almost transparent. 

Z It is interesting to note the possibility of increasing 
the contrast of an image printed on print-out p aper 
by placing between the negative a nd the printing paper 
a y ellow or red filter which is easily bleached by light 
and which, therefore, after a certain amount of expo
s ure, becomes a sort of duplicate of the negative. A 
film impregnated with ferric thiocyanate may be used 
(G, Staess, 1917) . 

ciently to saturate the remaining silver chloride, 
the silver which is liberated may appear on the 
upper surface of the film in a coherent state with 
a greenish metallic lustre ; the image is then 
said to be bronzed or metallized. 

Fixation of prints obtained by direct darken
ing occasions a general weakening of the image 
which is chiefly visible in the lightest tones. 
This effect varies with the type of paper and 
also, though to a smaller extent, according to 
the conditions of printing (colour and in tensity 
of the light), This regression of the image makes 
it necessary in all cases to con tinue the exposure 
until a darker image than is required is obtained; 
a few preliminary trials will show the depth of 
printing required for retention of the finest 
details in the high lights. 

During fixation the image becomes yellow 1 in 
colour and after drying acquires a disagreeable 
yellowish-brown colour, This is remedied by 
toning the image (before, during, or after fixing), 
that is to say, by substituting another metal 
(gold, platinum, etc ,) for a portion of the silver, 
or by conver ting the silver into a coloured 
compound (e ,g, selenium toning) . 

A very faint image on a print-out paper can 
be brought to a normal depth either by deposit
ing silver on it by physical development (which, 
in this case, can be regarded as an intensiJication 
process) , or by exposing the paper to an orange 
or red light, 

52!. The sensitive film of print-out papers 
is not affected in the least by t he ligh t which 
passes through a red, orange, or deep yellow 
filter, even on long exposure t o sunlight, but 
the colloidal silver formed during a short 
exposure to light under a negative plays the 
part of a panchromatic sensitizer. The parts 
where an image has already been formed can , 
therefore, darken during a second exposure 

1 The yellowing of the silver photochloride in the 
fIxing baths is due to the transformation of the" col 
loidal silver- silver chloride!J system into a new 
"colloidal silver---:gelatine" systeln of much lower 
refractive po·wer, so that the Inaximum of absorption 
is displaced t owards the short wave-lengths (M, 
Savostjanowa, 1935). In drying, the tone darkens 
somewhat, the refractive power of the dry gelatine 
being slightly higher than that of gelatine swollen with 
water. 
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more where the silver has already been formed 
than in other parts. The second exposure to light 
thus acts as an intensifier (continuing radiation.) 

This phenomenon, which was noticed in 
Daguerreotype images by E. Becquerel in 1840, 
and which was explained by L uppo-Cramer in 
1909, is of particular importance if soft prints 
are required from very v igorous negatives ; in 
this case exposure under the negative should 
be carried just far enough t o obtain full detai l 
in the shadows. 

The continuing action of yellow or red ligh t 
can be used for increasing the cont rast of an 
image which has been made from a negative 
with weak contrast, but in this case the second 
exposure should be made through the negative 
in order to graduate the int ensification of the 
image (H. J. Channon, 1909). 

522. Deterioration of Print-out Papers. The 
ageing of print-out papers containing soluble 
silver salts is shown by the appearance of a 
yellow colour, due to the spontaneous reduct ion 
of minute quantities of silver in a very fine 
state of subdivision. This yellow colour changes 
to brown and finally to black with a metallic 
lust re. This change does not occur in complete 
absence of moisture, and so these papers are 
generally packed in waterproof paper after 
having been dried and separated by sheets of 
straw paper which acts as a desiccating agent. 
The deteriora tion of print-out papers is very 
rapid when they are exposed to the action of 
cer tain gases and vapours (hydrogen sulphide, 
formaldehyde, hydrogen peroxide formed during 
the oxidation of resins, etc.). . 

These papers should be kept in a dry place , 
away from any chemical operations. These 
recommendations are particularly importan t in 
the case of opened packets. 

If the colourat ion of the paper by age is not 
very pronounced, it disappears in the course of 
somewhat longer fixing, unless the fog has been 
" consolidated" by t oning before fixing. 

(a) S ALTED PAPER AND ALBUMEN PAPER 

523. Salted Paper. Salted papers are sized 
with starch 1 paste containing a suitable quan
tity of chlorides and other soluble salts, which 
are sensitized after drying by floating on a 
solu tion of silver nitra te and again drying 
(de Brebisson, 1854). The keeping qualities of 

1 The starch paste m ay be replaced by other sizes, 
such as resi n soaps, in aqueous or alcoholic solution, 
agar-agar, etc . A more rapid paper can be obtained 
by using alkaline phosphate instead of chloride. 

this paper are very limited, and it is suitable 
only for very vigorous 1 negatives ; i t is no longer 
a general article of commerce . The absence of 
any coating, other than the normal sizing of a 
good quality drawing paper, makes it possible 
to draw on the paper with pen or pencil ; the 
photograph can thus be used as a guide and then 
caused to disappear when the drawing is nearly 
finished. Photographs on salted paper can also 
be worked up with water-colours ; the image is 
faintly printed and toned to a neutral colour, 
which gives the outlines and gradation in the 
shadows. 

The preparation of salted paper is one of th e 
easies t of opera tions, but owing to its bad 
keeping qualities i t is sensitized only in small 
quantities at a time. 

524. Preparation of Salted Paper. P aper of 
good quality , suitable for water-colour painting, 
is first of all marked with pencil on the back to 
avoid subsequent confu sion, and then pinned 
to a small clean board or stretched out on a 
drawing board. The salted size is then applied 
with a thin fl at brush with cross-brushing. If 
the paper is of pronounced texture it is necessary 
to brush the size well into the cavities. F in ally 
the coating is treated with a soft badger brush 
until it appears to be uniformly matt. 

The size is best made with arrowroot (a starch 
chiefly used as a food-stuff) . The amount 
required can be calcula ted on the basis of about 
2 oz. (fl .) per IO sq . ft., but allowance must be 
made fo r loss in working. 

Grind about i oz. (35 grm .) of arrowroot in a 
mortar with a small quantity of water , until a 
thick paste free from lumps is obtained. Dis
solve separately 25 gr. (3 grm. ) of citric acid and 
! oz . (35 grm. ) of sodium chloride (table salt) in 
20 oz . (950 c.c.) of water. This solution is 
brought to the boil in an earthenware vessel, 
and the arrowroot cream is then added in small 
quantities with constant st irring with a stirrer 
or wooden spoon. Boiling is continued for a few 
minutes, and the mixture is left to cool; after 
cooling, the surface skin is removed . 

As paper t hus coated has good keeping 
qualities, a large quantity may be prepared for 
sensitizing when required. 

525. Sensitizing must be done in the absence 
of white ligh t ; it is convenient to work at night 
by artificial light. The drying must be done in 
darkness. On the commercial scale a room 

1 By the add itio n of small quantities of potassium 
dichromate the contrast of the images can be in creased, 
thus making it possible to use average or weak negatives 
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lighted by yellow glass windows, or the dark 
corner of a feebly lighted room is used. 

The sensitizing bath is prepared by mixing , _ 

S ilver nitrate (cryst .) ' 

Citric acid. • • 

• • 

Water, distilled, to make 

• 2 oz. (roo grill .) 

· 1;\ oz. (75 grm.) 

'! o z. (n.) (75 c.c. ) 

• 2 0 oz. ([ ,0 00 c.c.) 

The solution is poured into a perfectly clean 
glass dish and should be about t in. deep . The 
paper is caused to float on the surface of the 
bath face downwards by lowering it gradually; 
it is then removed to make sure that it is 
uniformly wetted and re-floated with the same 
precautions. After about five m inutes the sheet 
is lifted by one corner and withdrawn from the 
dish; by drawing over a glass rod, most of the 
adhering solution is removed. The paper is 
.allowed to d rain for a few seconds and is then 
put to dry in the dark. The clips used for 
hanging the paper from the drying line should 
have been previously soaked in melted parafiln 
to render them impermeable . Drippings from 
the papers should be caught by any waste 
paper available, the ashes being afterwards 
added to the silver residues. The dry paper 
should be packed and kept in a dry place. 

The silver bath may be used repeatedly ; in 
proport ion to its use, it becomes poor in silver 
and rich in nitrate of soda; the presence of this 
latter salt makes the readings of a Baume 
hydrometer, which is sometimes used for esti
mating the concentration, entirely misleading . 

A used bath can be frequen tly revived by the 
addition of fresh solution of somewhat greater 
strength, but after a time it is necessary to 
discard it and to recover the silver. 3 

1 Dissol vc each solid separa tely in a part oHhe water, 
m ix a nd then add the a lcohol. 

2 N itrate o f s il vcr is supplied ei t her in the form of 
colourless crystals or as cast white or grey masses 
(luna r caustic) ; its density is 4'35. It is ver y solubl e 
in water (more than 60 per cent at 32° F.) , and slightl y 
soluble in strong al cohol. S ilver nitrate deposits black 
s tains o f me tall ic s ilver on the skin or on other organic 
matte r (cloth, wood, et c. ) when acted on by light. 
These s tains may be rCIllovcd by successive treatments 
with tincture of iodine (or iodine di ssolved in po tnss. 
iodide) and strong solu tion o f hyposulphite of sod a. 

3 Silver is recovered by the additio n of sod ium 
carbonate, which prec ipitates the silver as silver car
bonate . This can be converted into silver nitrate by 
adding nitric acid and evap orating. If o ne does not 
carry out the recovery oneself, the old sil ver bath is 
best added to used fixing baths, to avoid increasing the 
number of operations. 

526. Use of Salted Papers. Prints on salted 
papers which are intended only to act as guides 
for drawing are simply fixed; after the drawing 
is finished the image is destroyed by immersion 
in one of the " sur bee" reducing solut ions 
prev iously mentioned (§§ 458-460). The paper 
is then washed and dried. 

In all other cases the image usually has to 
be toned. While toning can be done after fix ing, 
it is quicker and gives more regular results if 
done before fixation. 

Gold toning is bes t done in an alkaline 
bath, and notably by " chalk toning " (§ 534); 
black tones can be obtained by toning with 
pla tinum (§ 538) after previous partial toning 
with gold . 

E conomy of the toning bath ca n be effected 
by washing the prints in several changes of water 
before toning; a preliminary treatment in a 
chloride solution, recommended below for emul
sioned papers, considerably slows the toning of 
prints in a gold toning solution which contains 
no solvent of silver chloride. 

Fixing should be in an alkaline solution and 
should be followed by washing in plenty of 
water. 

527. Albumenized Papers. From 1850 unti l 
1890 almost all photographic printing was done 
on albumenized paper (B1anquart-Evrard, 1847). 
Smooth paper was floated on the surface of a 
solution of albumen (white of egg) containing 
sodium chloride and citric acid. The paper was ' 
supplied ready for sensitizing, in the manner 
already described for salted paper (§ 525), or 
ready for use . The introduction of emulsion
coated print-out papers caused the gradua l 
disappearance of albumenized paper, as com
monly used . 

Meanwhile papers sized with vegetable albu
men, with casein and with other colloids, have 
appeared under the name of matt-albumen paper, 
and were used chiefly by professional portrait 
photographers. These papers require negatives 
which are much less vigorous than those for 
printing on to the older type of albumen paper, 
and softer still than those for salted paper. 
They are usually prepared by coating a sensitive 
emulsion on to the paper, and the method of 
use is, therefore, similar to that recommended 
for emulsion-coated print-out papers. But the 
sensitive film is much less coherent, and all 
rubbing should be avoided, particularly when 
the prints are wet. 

528. Sensitizing Silk. The working methods 
for sensitizing silk fabrics do not differ from those 

, 
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employed in the preparation of salted paper, 
excep t in the choice of a sizing materia l. This 
latter must be removed in the course of the 
various operations in such a way that the normal 
appearance of the fabric shall be preserved. 
A mucilage of lichen (moss) is usually prepared 
for this purpose in the following manner-

Infuse 45 gr. (5 grm. ) of I celand moss (phar
macist' s moss) in about 20 oz . (1,000 c.c.) of 
boiling water; decant and filte r the solution 
(which should be of a thin, syrupy consistency) 
while hot . In 18 oz. (900 c.c.) of the filtered 
solution dissolve 350 gr. (40 grm.) of sodium 
chloride (kitchen salt) and add 2 oz. (roo c.c.) of 
glacial ace tic acid to keep down all fermentat ion 
of the infusion. K eep the mucilage in a corked 
bottle. 

Pour the solution into a perfectly clean dish 
and float the pieces of silk (wh ich should have 
been previously marked on the back with pencil) 
on the solution, taking care to remove air 
bubbles and to prevent the liquid reaching the 
back of the mate rial. This is done by ta king 
the mate ria l by two opposite corners and a llow
ing the tip of the loop to touch the liquid fi rst; 
the corners are then lowered gradually until the 
whole is touching the liquid . After about two 
minutes the materia l is removed from the bath 
by taking hold of two adjacent corners ; it is 
dried by pinning to a stretched cord. 

The pieces of material, which should be 
thoroughly dry a nd free from any smell of 
acetic acid, are then flo ated for about two 
minutes on the silver bath already described 
for salted papers (§ 525), drained, a nd dried. 

As the image on silk is more or less buried in 
the fibres, the contrasts suffer, so that a vigorous 
negative is called for , particularly with material 
with a pronounced grain. 

After printing, with the precautions specified 
in § 506, toning follows, and then fixing in the 
manner described for salted paper. After wash
ing and drying, the tissue should be smoothed 
with a hot iron. Such tissue can be cleaned 
when need arises by the methods which would 
be used for the plain material itself . 

(b) GELATI NE AND COLLODION P .O.P. 
529. Print-out Silver Emulsions. Print-out 

emulsions are made on the commercial scale 
by the precipitation in gelatine (gelatine P.O.P. 1 

1 The contraction P .O.P., used in England for 
emulsion print-out paper, originated with the I1fo rd 
Co. on their taking up the first manufacture of this 
type of paper in England. On the Continent, the term 

Abney, 1882) or in co llod ion (collod ion papers, 
G. Wharton-Simpson, 1865) of silver chloride 
(or sometimes bromide or phosphate of sil ve r), 
together with citrate, tartrate, or oxalate of 
silver. The unwashed emulsion contai ns an 
excess of silver nitrate in add ition to the salts 
resulting from the double decomposition (ni trates 
of potassium, lithium, stron tium, etc.) . 

These emulsions arc coated mechanically on 
to baryta-coated paper. 1 The resulting paper 
should a lways be packed fi lm to i1 lm, each 
successive pair being isolated with straw paper. 

Collodion paper and, still more so, the 
gelatine paper requires negatives much less 
vigorous than those required for salted paper. 
Certain varieties of collodion paper, prepared 
with emulsions containing silver ch romate (the 
film is ye llow or orange, according to the quan
tity of chromate present), a re made for medium 
or weak negatives (contrasty papers ). 

Collodion papers give a much richer image 
and arc more suitable for warm, b lack tones by 
successive tonings with gold and platinum. In 
warm climates these papers have the advantage 
that they can withstand baths and washing 
waters at a temperat ure which would cause the 
coating of th e gelatine P.O.P. to melt. 

The castor oil , which isoften added to collod ion 
emulsions to give suppleness and to avoid risk 
of cracking, is sometimes a cause of trouble 
through being present in excess; in these cir
cumstances it is difficult to make the various 
baths wet the surface of the i1lm . The same 
trouble sometimes a rises when glycerine has 
been used to give suppleness, if the glycerine 
has, in t he cou rse of time, soaked out into the 
paper support. Immersiorl in denatured alcohol 
before attempting treatment in any of the baths 
will make the film penet rable to the solutions 
(J. Gaedicke, I9II) . 

530. Use of Collodion and Gelatine P.O.P. 
' '', ith the exception of the proofs sent out, on 
these papers, from portrait studios,2 the papers 
a re either toned prior to fixing or toned a nd fix ed 

.. aristotype " is still used to denote the gelatine 
variety, as disting uished f ro m the collodion, of print-out 
paper. 

1 The paper fo r print-out emulsions is made chiefly 
from rags (cl ippings from l ingerie and sa il-making 
workrooms, and old rags that have bee n cleaned and 
sorted out). 

2 These prints are made without any regard being 
paid to the loss of depth which would occur on fixing; 
they cannot usefully be toned or fixed. In some cases 
they bear a rubber-stamp impression (made w it h a 
colourless, greasy varnish). which renders any treatment 
impossible. 
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simultaneously in one bath (§ 54I). For separate 
gold toning the alkaline baths reco mmended fo r 
salted and albumen papers can be used for 
gelatine papers, a lthough their actions are very 
slow. But they are almost without act ion on 
collodion papers ; these latter should be toned 
in a bath con taining a solven t of silver chloride, 
e.g . sulphocyanide or thiocarbamide (§ 536 and 
537) , which can gradua lly ma ke a way t hrough 
the slightly permeable film of co llodion . 1 

As in the cases of the papers a lready con
sidered, an economy in the toning solution can 
be effected by preliminary washing; or, if it is 
intended to recover the silver residues, the 
soluble salts can be held in the film until fixation 
by trea t ing with a bath of salt followed by care
ful washing. 

Fixing, when carried out separately, is best 
done in an alkaline bath. 

53!. Print-out Papers from Old or Fogged 
Development Papers. Gelati no-bromide or gela
tino-chloride development papers, which, for 
one reason or a nother, have become unsuitable 
for their proper purpose, may be converted into 
print-out papers by soaking them in a weak 
solution of silver n it rate (about 0·5 per cen t) or 
in a solu t ion of a reducing substance such as 
sodium or potassium nitrite (about 5 per cent), 
salts of hydrazine, various developers, sodium 
sulphite, stannous chloride, etc. 

After soaking for some minutes, the paper is 
placed to d ry in the dark without any prelim
inary washing . The same treatment can be 
applied to negat ive plates and films. 

The method of using is the same as for gelatine 
print-out papers. 

(c) MA N ! PULATI ON OF PRI NT-OUT PAPERS 2 

532. The Printing-room. The loadi ng of the 
printing frames, the cont ro l of the exposure, 
and the unloading of the frames should be done 

1 Collod ion papers (and p a rticul arly the glossy 
varieties) c url to a roll in the firs t bath into whic h they 
are placed. T his can be avoid ed as fo llow~: P lace the 
prints face downwards into a dish co ntaini ng a very 
:-; mall a mount of liqu id and spread them irreg ularly 
over the bottom of the dish in s uch a way that they arc 
in contact with each o ther. Almost all tlte liquid s ho uld 
have been abso rbed by the t ime t hat the las t print 
to be t reated has been put in. L et the liquid drain away 
by squeezing the pile of papers against the bottom o f 
the dish. After 5 or 10 Illinutc.:i the prints will be flat, 
and it will be possible to proceed with washing; in cold 
weather, warm the w a.ter sl ightly. 

2 See Chapter XXX I X for reco mmendations regard
ing the waShing and drying of prints ; these worki ng 
methods a re co mmon to a ll types of photographic 
papers containing silver salts . 

in a room lighted with yellow light or in any 
place where the illumination is weak. 

On the commercial scale, one side of the 
printing-room is usually lighted by yellow 
windows and the other by plain glazing; t he 
dry paper is handled and the first operations 
are done by yellow light, whilst other t reatments, 
from fixation onwards, can be carried out in 
white light. Frequently the same dark-room 
is used for washing prints made on development 
papers. When it is necessary to work by arti
fi cial light, the ordinary lamps are used; for 
judging ton ing, a lamp with a blue glass bulb, 
giving a light similar to daylight, should prefer
ably be used in order that the tone may be more 
exactly judged. 

If printing is by daylight the room should 
communicate with the outside or with the 
glazed enclosure in which the negat ives will be 
exposed; when artificial light is to be used, the 
lamps and the bench for t he printing frames 
should be installed in the printing- room, to 
save coming a nd going. 

533. Gold Toning in Alkaline Baths. Th e 
immersion of a photographic print in a solution 
of pure gold chloride 1 would result in the sub
sti tution of gold for some of the silver consti 
tuting the image, but the resulting image would 
be very weak, particularly in the lighter tones. 
This weakness does not occur with solutions 
in which the yellow auric salt has been converted 
into the colourless aurozls salt which, when 
replacing the silver of the image, deposits three 
times as much gold per unit amount of silver 
as the auric salt . Now, in an alkaline medium, 
auric compounds change progressive ly into 

1 Th e gold chloride of conlmerce is actua lly chlorauric 
acid (H AuCI, . 3H,O) , and occurs in the form of yell ow 
deliquescent masses (sometim es coloured brown by t he 
addition of small quantities of iridium salts to sa tisfy 
a de ma nd ariSing frotn the b elief th at the brown 
coloured gold chloride is better than t he yellow), very 
soluble in water , alcohol , and ether. The best qual ities 
contain 50 per cent of gold, but unfor tunately product s 
having a much smaller gold content are sold (gold 
chlorides exist which have a gold content varyi ng from 
50 per cent to 20 per cent in 5 per cent stages) w ithout 
any indication of the difference in quality, and without 
there being a difference in price co mm ensura.te with 
t he amount of active material present. The chl or
au rates of sodium and p otassium (KAuCI,' 31-[,0), 
and (NaAu CI,, ' 2lT ,O), which are deliquesce nt and of 
which the gold content rarely ex ceeds 40 per cent, are 
abo prepared com mercially under the description of 
double salts of gold and potassium or sodium. The 
aqueous solutions of these various salts are quite stabl e 
if they are not in conta ct with organ ic matter ; they 
should be prepared with disti lled water a nd should be 
kept in grou nd-stopp ered bottles. 
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aurous compounds ; these, however, may pass 
over into the inactive aurite state in the absence 
of soluble chlorides or if the bath is too alkaline. 

The colour of the toned image depends essen
tially on the speed of the toning, which, in its 
turn, depends on the alkalinity of the bath . 
An acid bath gives images which tend to be red 
(finely divided gold), while a bath which is 
alkaline results in images which tend to a 
purplish brown, which may even approach 
black (gold in a less finely divided condition). 
Toning baths of a moderate temperature should 
be used . A bath which is either too hot or too 
cold does not give such good tones as one which 
is at a temperature round about 65° F. 

534. Toning baths can be mad e alkaline by 
using one of a number of salts whi ch have a 
feebly alkaline reaction; fused sodium ace ta te, 1 

borax, disodium hydrogen phospha te, etc. , may 
be used . These salts give the same resul ts when 
they are employed in quantity sufftcient for the 
bath to be equally alkaline in each case . The 
following solution, for example, may be used-

Sod ium aceta te , fu sed • 90 gr. (to grm .) 

Borax • • • • 9 g r. ( 1" 0 grm .) 

Gold chl oride (1% solution) 4 c\ rm . (25 c .c.) 

\ Vater, to mak e • • 20 oz. ( 1,000 c.c.) 

(A I per cent solution of gold chloride is made 
by dissolving the contents of a IS-gr. tube, as 
sold, in3 oz. of distilled water) . The solution may 
be used a fter standing for about one hour. The 
used bath can be kept, but it is necessary to add 
small quantities of gold chloride from time to 
time. 

The most deflllite means of ensuring the 
constancy of the composition of the ba th is to 
use chalk toning (H. de Molard, 18SI) ; the 
insoluble calcium carbonate is kept in the bath 
and does not react except as required. The 
following method of working is recommended 
(E. Lamy, 1897)-

First of all, the following mixture is prepared 
with shaking-

INA CTIVE BATH 

\Vhi tening (powder ) . . . 45 gr. (S 'o g rin.) 

Gold c hlo ride ( I % solu tion ) • I oz. (50 c.c.) 

\Varm water 
make) • 

(about 100" F .), to 
• • . 2 0 oz . ( [, 0 0 0 c.c .) 

1 Fused sodium acetate (CH3COONa) occurs in white 
o r g rey fibrous masses , whic h give a n eutra l o r feebly 

The bath will become colourless on cooling ; 
it should not be filtered. When required for use, 
decant the necessary volume of this liquid, and 
for each IOO volumes of the inactive bath add 
two volumes of I per cent gold chloride solution. 
When the toning is seen t o be slowing down, 
more gold chloride should be added. The used 
bath is replaced in the inactive bath stock bottle 
and shaken up with the chalk . 

The washed prints are placed one by one in to 
this bath, and pass from an initial red-brown 
through dark brown and purplish-black to 
purplish-brown. Toning may be stopped at any 
stage, and a fter fixing, washing and drying, the 
print will be red-brown, wa rm black, or pure 
black; slight varia tions will occur from one 
paper to another. As the prints reach the desired 
tone they should be removed one by one and 
placed in water, where they may be left until 
sufficient have accumulated for fix ing. 

535. Sulphocyanide Toning. If a solution of 
a thiocyanate 1 (sulphocyanide) is added pro
gress ively to a solution of a gold salt, the red 
precipitate of auric sulphocyanide which is at 
first formed re-dissolves in the excess of sulpho
cyanide to give the complex colourless sulpho
cyanide. This double salt slowly (or rapidly 
under the influence of heat) changes into aurous 
sulphocyanide. 

These solutions can be used for tuning print
out papers (Meynier, 1863) , and, under certain 
conditions, t o be expl ained la ter, development 
papers also (§ 593) . Tones which are almost 
black can be obtained by replacing the sulpho
cyanide by thiocarbamide or thiourea 2 (A. 
Helain, 1902). 

As these compounds are solvents of silver 
chloride, a fresh toning bath a ttacks the silver 
chloride image t o some ex tent , causing very 
rapid toning . In addi t ion, the finished image 
may have a very much greater proportion of 
gold in it tha n it would have had if it had been 
alkaline solutio n, wh ile crystall ine sod iu m aceta te 
(colou rless c rystals) usuall y contains a certain amount 
o f free acetic acid . 

1 The sulphocyan ides of ammonium and potassium 
(N H,CNS a nd K CNS) occur as sma ll colourless d el iq ues
cent crystals, very soluble in water and alcoh ol ; the 
d ry salts should be kept in herm eticall y sealed bottl es ; 
the solu tions keep fairly w ell. In the preparation of 
toning solutions am moniu m thiocyan ate is ge nerally 
pre ferred. 

'Thio urea ( (N H ,),CS), Wllich res ul ts from an in ter
molecular change in a mmo nium sul phocyan icl e by 
heating under defi nite conditions, occurs as small 
colourl ess crystals soluble in cold w a t er (9 p er cent), 
and very soluble in b oiling w a te r a n d in a lcohol. Both 
the sol id a n d its solutions k eep well, 
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taned in an alkaline 1 bath ; t hese praperties 
are abviausly na t t a be faund in an .old bath 
saturated with silver chlaride. It seems well 
established, hawever (R. E. Bla ke Smith, 1913), 
that the ta ning is nat due exclusively ta the 
gilding .of the image, but that a small partian at 
least is due t o sulphuratian during the fixing, 
which fallows t he taning; the tone is madified 
cansiderably in the pracess .of fixatian 2 after 
the salutian .of the si lver chlaride is camplete, 
a nd the image becames first a yellaw-brown, and 
then slawly changes ta purple. 

536. As the sulphacyanide taning bath is 
very readily exhausted, and as its ac tian is very 
rapid even when the salutian is weak, the best 
methad .of warking is ta use only the amaunt 
of chemicals corresponding exactly with the 
treatmen t of a given number of prints, according 
to the method long recommended years ago by 
the Eastman Kodak Co. for gelatine P.O.P. 

Prepare two stack solutions-

A. Gold chlorid e 

' Vater, to make 

• 

• 

' 7 ' 5 gr. (2 grm. ) 

20 OZ. ( I , OOO c.c.) 

B. Am monium sulphocyanidc 175 gr. (2 0 grm .) 

\ Vater, to make • '20 oz. ( 1,000 e.c. 

and according to the number of prin ts t o be 
toned, and having regard t o the colour required, 
t ake of each solution A and B,-

FOR 1 2 PRINTS 7 X 5 in. (13 X 18 cm. ) 
P uYPlish- Purplish- Sepia Deep 

blach. L1'OW JL brown . sepia . 
3 } oz . 2 oz . 5 elr. 2 oz. I dr. I oz·tdr. 

(100 c.c.) (75 c.c.) (60 c.c.) (30 c.c.) 

Add water in sufficient quanti ty fa r it ta be 
possible ta tone all the p rin ts together. F or 
I 2 prin ts 7 X 5 in. the total volume should be 
about 18 oz. (500 c.c.), e.g. the toning bath for 
purplish-brown is : A, 3t oz.; B, 3t oz. ; water, 
II oz. The bath thus mixed is ready to be used 
after it has stood for two hours. 

1 F. Novak ( 1902) has found t he fo ll owing gold: silver 
ratios for images which have been thoro ughly toncd-

Albu men paper toned in a bath made 
alkaline w ith borax . . . . 

Collodion pape r t oned with gold sulp ho-
I . 4 '3 

cyanide . . . . . . I : 0'25 

: 0 ·85 
Collodion paper 

taneousl y . 
toned an d fixed s imul-

• • • • • 

to I 

I . 1 ' '4 
t o 1 : 2 "00 

:!: A more ex act idea of the tone o ( a n image can be 
obtained by examining it by t ransmitted ligh t . 

The washed p rints are placed in the bath one 
by one, and are kept constantly in mavement 
during the whale t ime .of toning ta avoid their 
sticking together. According t a the nature of 
the paper, the depth of the prin ts, and the 
dilution of the bath, t he time of toning will vary 
between 5 a nd 15 minutes. Ton ing may be 
arrested by placing the prints in a 3 per cent 
solution of sodium chloride (table salt) ; the 
prints may rema in in this solution until they 
a re transferred to the fixing bath . 

Very varied colours may be .obtained with 
gelatine print-out papers (but not with collod ion 
paper) by adding small quantities .of potassium 
iodide t o t he toning bath (A. H 6lain, 1901). 
The weight of iodide must not exceed six times 
the weight of gold chloride used. This maximum 
dose gives carmine tanes; reddish tones are 
obtained by using less iodide. The general 
yellow colour of the coating, which is caused by 
the conversion of a portian of t he sil ver ch loride 
into iodide, disappears during fixing if the 
hy posulphi te solutian is strong enough and if 
sufficien t time is a llowed. 

537. Thiaurea Taning has the advantage that 
the saluti on is ready for use direc tly i t is pre
pared, and keeps well; fur ther, the toning of 
half-tones and shadows proceeds simultaneausly , 
so that it is possible to stop ton ing at any 
moment; with sulphocyanide t oning the lighter 
tones are t oned more quickly than the shadows. 

The complex salts formed by thiourea with 
gald and silver salts are stable only in an acid 
medium ; mareover, the double sil ve r salt spli ts 
up in dilute salution and gives silver sulph ide, 
so that there is a danger of staining the prints 
when washing them between the toning and the 
fixing operations. If it is desired to keep the 
t oned prints between t oning and fixing, they 
should be put in water slightly acidulated with 
an acid (e.g. baric acid, wh ich is without actian 
on hyposulphite). 

The following formula gives excellen t resul ts. 
Tartaric acid should be used fa r gelatine P.O.P., 
and citric acid far collad ian papers-

Sodium chl oride • 

T!:tiourea ( [ % solution) 

Tartaric or citric acid 

1 75 gr. (2 0 grm .) 

I oz. (50 c.c .) 

4 ~ gr. (0'5 gnn. ) 

Gold chloride ( 1 % solution) I OZ. (50 c.c.) 

, iVater, t o make . 20- 4 0 oz. (1, 000-2, 000 e .c.) 

538, Platinum Taning. Platinum toning (sug
gested by Caranza in 1856, and used in a slightly 

,; 

r 

• 

I 

• 
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different manner by J. R eynolds in 1886) was 
used, in the days before pla tinum had attain ed 
its present prohibit ive price, to ob tai n beaut iful 
black or warm black t ones on matt albumen and 
matt collodion papers which had been p reviously 
toned with gold t o a b rown colour. 

The platinum salt used for toning is potassi um 
chloroplatinite. 1 Toning woul d be very slow 
and irregular if t his sal t were not used in ac id 
solu t ion; the speed of toning depends on the 
acidity , and not on the actual ac id used , but it 
is necessary t o a void certai n acids (such as 
acet ic, boric, fo rmic, and tar taric) which cause 
more or less rapid decomposition of t he bath. 
Phosphoric acid had . long been recommended , 
but it has no special advantage and its com
mercial soluti ons are of uncertain concentration. 
The bes t acid to use is sulphuric , or, fa ili ng that , 
sodium bisulphat e in equivalen t amount (§ 364, 
footnote) . 

Potassiulll c hloroplatin ite . 9 gr. ( l g rm. ) 

S ul phu ric ac id dil uted in 
i ts volume of water. 

\ Vater, to make 

TO ti mes 
. I oz. L50 c.c.) 

. 20 oz. ( T ,000 c.c.) 

This bath can be used until the p lat inum is 
a lmost completely (90 per cent) exhausted 
(Lumiere and Seyewetz) .2 

Prin ts toned with platinum should be well 
washed in several changes of water, and then 
fixed in an alkaline fixing bath. 

Almost identical results can be obtained by 
substituting potassium chloropalladite for chlo
roplatinite; t his salt gives nearly twice the effect 
for the same weigh t . 

539. Selenium Toning. Th e use of seleniu m 
in t he form of seleno-sulphate:) (with ammonium 
chloride added) for toning prin t-out papers 
was suggested in 1912 by P. Rehlander as being 

1 Potass ium chlorop la li nitc (K,PlCI , ) occurs ill lile 
for m of small pri smati c red crystal s, vcry soluble in 
wate r (about 15 per cen t in the cold) and illsoluble in 
alcohol; the pure salt contains "bout 46 p er cent o f 
platinum metal ; it is unaffected by the atm osph ere. 
T he stock solut ion sho uld be prepared wiLh dis tilled 
water a.nd k ept in a g lass-stoppered bottle in the dark . 

2 The ratio of platinum to s ilver when no previous 
gold toning has taken p lace may vary from 1: 0 .4 2 
(matt a lbumen paper ) t o T: 0 ·34 (coll odion paper ). 

:l Selenium, wh ich in many of its properties resembles 
s ulphur, appears us ually as grey c rystall ine masses ; 
in a fine state of subdivision it is general ly recI. The 
alkaline selen os ulphates , and particularl y the sod ium 
sa l t (Na,SSeO,), h ave a constitu tion which is closely 
analogous t o that of the hyposulphites (Na,S,03) ' th e 
sele ni um replacing a p ortion of the sulphu r. Just as 
tlliosulphate is obtained by dissolving sulphur in a hot 
solution o f sulphite , so selenosul phate is obtai ned by 

'3- (T ·s630 ) 

more economical than t oning with gold and 
platinum. E ven wi th papers which have been 
well washed to remove the soluble silver salts, 
toning with sodium selenosulphate t ends t o 
stain t he whites of the images very strongly. 
This trouble can be obviated, when toning is done 
after fix ing and washing, by adding a small quan
ti ty of sodium hyposulphite to the ton ing solu
tion (Lumiere and Seyewetz, 1924). T his proce
dure greatly in creases the speed of toning. The 
tones ob tained vary from dark brown to reel, l 
according as the image is coarse or fin e grained; 
this toning gives (with certain papers) an a ppear
ance of platinum ton ing when used on a print 
which has been toned with gold and fixed. 

Sodium sclenosulphate may be obtained by 
d issolving 260 gr. of powdered selenium in 
20 oz. (30 grm . in 1,000 c.c.) of a warm 20 per 
cent solut ion of anhydrous sod ium sulphite. 

Twenty to 50 m inims of this solution arc 
added t o 20 oz. of a 30 per cent solu tion of h ypo 
(2 to 5 c.c. per lit re of hypo solu t ion). The 
smaller quantity is used fo r ton ing album en 
papers and the larger for emulsion papers 
(gelatine or collod ion P. O.P.) . The bath is 
limpid, colou rless, and keeps wel l. 

Toning is very rapid, t ak ing from 2 t o 5 
minutes, according to the degree of exhaustion 
of the bath . This toning solution is very econo
mical ; 35 oz. (1,000 c.c.) will tone 80 prints 
7 X 5 in. in size, and the results a rc highly 
permanent if washing is properly done. 

540. Fixation of Print-out Papers. Th e ch em
istry and the mechan ism of fi xation arc the same 
as for negative emulsions (§§ 400-401), but, as 
we shall see in connection with washing, the 
baryta-coat ing of the paper considerably retards 
(he subsequent removal of the hypo. 

Acid fixe rs, wh ich t end to weaken th e deta il 
in the high-lights of the prin ts , and concentra ted 
solu tions , wh ich cause blisters in t he washing 
process, should be avoided. T o avoid the exces
sive swell ing of gelat ine liable to occur in a 

dissolving selenium in hot sulphite solution. As 
selenos lilphate is not ma.de commcrcially it mu st be 
prepared as required b y dissolving selenium. Soluti ons 
of selenosulphates sho uld be kept in full bottles , wel l 
stopper cd to avoid conversion in to inactivc 5eleno
trithionates by oxidation; th ey are more stablc in 
presence of sodium su lphite or hyposlilphites. Analo
gou s compound s of teliuriuHl have also been lI sed fo r 
the toni ng of silver prints . 

1 The ratio (I : 0· S8) in a long while toned p rint is 
grea ter th an that for si lver selenide (Lumicre a nd 
Seycwetz). } 'he selcnilull is deposited on the s ilver 
without combining with it until each grain of silver is 
completely enclosed in se leniu m (§ 594, foot n ot e). 

• 

•• 
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neutral bath , an alkal ine bath is used . This has 
the advantage that, if toning has been done in 
an acid bath, there is no risk of sulphiding. 

The following, for exampl e, may be used-
Sodium h yposu lph it e, c rys t. 

Soda carbonat e , anhydrous 

·Water, t o m a ke • • 

2 oz. (100 grm. ) 

9 gr. ( 1 .0 grm ) 

20 oz. ( 1,000 c .c.) 

A bath of this kind becomes exhausted very 
rapidly , and must be frequentl y renewed. 1 The 
serious worker should use two fixing baths, for 
the reasons already given (§ 406) , and the ques
tion becomes one of great importance in the case 
of print-out papers, owing t o the extremely 
fin ely divided condition of the silver of the image. 
which renders it very susceptible to a ny des
tructive influence. 

Although, in warm weather , collodion papers 
are to be preferred to gelatine papers, the 
gelatine of the latter can be hardened in an 
alum fixin g bath, having first made sure that 
the paper will not leave a greenish tint a fter 
fixing and washing. The following bath may be 
used-

H ypos ulphite o f sod a, crys t. 2 oz. (100 grm .) 

Ace tate of sod a , fu sed • 90 g r . (10 grm.) 

Ch rOll1 C alu m • • • 45 gr. (5 g rm. ) 

\\'atcr, to make . • • 20 oz. ( T,OOO c .c .) 

The solution is prepared by dissolving each 
ingredient separately in a portion of the 
water, mixing the alum and the acetate of soda 
soluti ons, and pouring the mixture into the 
hyposulphite solution. 

541. Combined Toning and Fixing. Although 
sugges ted in I 850 by Le Gray, combined toning 
and fixin g baths were not employed until about 
1890, when emulsion-coated print-out papers 
came in to general use. These were the first 
papers suitable for the combined treatment. 

It is generally assumed that prints toned in 
combined toning and fixing ba ths last for a 
relatively short time. It is true that many 
examples of prints which have proved perfec tly 
permanent after this treatment can be produced, 

1 As there is no visi ble in dication that a fixing bath has 
beco me exhausted , it should be replaced whe n abou t 
3 sq. ft. o f paper (e.g. II prin ts 7 X 5 in .) have been 
fixed per 20 oz. o f solution. This is equivalen t to 
50 sq . dm. o f p a p er (20 prints 13 X 18 c m .) per l itre. 
A tes t sho uld also be made a s indicated in § 408. 

but it is a lso a fact that these cases are largely 
except ional, owing to the deplorable conditions 
under which these com bined ton i ng and fix ing 
solutions are generally used, and owing also to 
the fact that there is nothing to show when a 
bath of this kind has been exhausted. Even 
when all the gold has been exhausted (assum
ing that there is any gold in the solution; thi s 
is not the case in all toning solu tions com
mercia ll y provided ready for the use of (he 
amateur) . the baths continue to tone; and it 
tones even when satisfacto ry fixing is no longer 
possible. 

Th e prints cannot be permanent unless the 
toning has effectively gilded the image, and 
unless the fixing is perfect; these conditions are 
very rarely combined. The combined ton ing 
and fixing solution should contain an effec tive 
amount of gold, and should not be used for 
more than a very limi ted number of proofs. 
Finally, it is essential to follow with a sepaI"ate 
fixation. 1 This latter is particularly essential 
when the required tone is obtained within a 
very short t ime of immersion in the solution, 
as in this time it is impossible for the fixation 
to be complete. 

542. Reactions in Combined Toning and 
Fixing Baths. Combi ned toni ng and fixi ng 
baths usually contain as essential constituents 
hyposulphite of soda, alum, a lead salt , ancl gold 
chloride . 

The reactions between the constituents of the 
bath themselves and between th e constituents 
and the silver of the image have been studied 
chiefly by E. Va lenta (1892) , a nd A. and L. 
Lumiere and A. Seyewetz (1902- 12), but they 
have not ye t been completely elucidated. 

Gold chloride in presence of sodium hypo
sulphite is converted in to a double hyposulphite 
of gold (aurous) and sod ium (t he salt of F ordos 
and G6lis, which was formerly used for toning 
Daguerreotypes). A mix ture containing only 
these two constituents tones pa per prints very 
slowly and gives only reddish tones. 

The toning is accelerated and improved by 
the addition of a lead salt which, with sodium 
hyposulphite, gives a double hyposulphite of 
lead and sodium . The lead in this condi tion 
can deposit on the silve r, both metals being 

1 A co nsiderable economy in combi ned tonin g and 
fixing baths can be e ffected by pre viOll s fixi ng of th e 
prints (R. Nam ias , (908). Faili ng this, t h e preca ution 
already recommend ed of washing the prints in plenty 
o f water before th e ton ing and fixi ng should be taken, or, 
a lternatively, they sh ould b e treated with salt so lution 
and briefly rinsed. 
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partially sulphided. A mixture of hyposulphite 
of soda and a lead salt forms a combined toning 
and fixing solution which yields very beautiful 
tones, but prints thus t oned change very quickly. 
A print t oned with lead only and then trans
ferred to a gold bath fixes the gold very rapidly; 
it would seem that the lead compounds pre
viously formed in the image act as mordants. It 
seems that in a combined toning and fixing bath, 
containing hyposulphite, gold chloride, and a 
lead salt , the last-named acts as an intermediary 
and accelerates the deposition of the gold on the 
silver; it does not appear in the finished image . 
A very small quantity (0 '05 per cent) of lead 
salt is sufficient to obtain a maximum efi ect, and 
the nature of the soluble lead salt has no effect 
on the t one nor on the speed of toning. Acetate 
or nitrate of lead 1 is usually used. 

We have already studied the action of the 
alums on hyposulphite (§ 403). The alum and 
hyposulphite solutions are usually prepared 
separately and mixed at a boiling heat. Under 
these conditions the reaction between the two 
salts is incomplete, and several days are required 
for equilibrium to be reached. A mixture of this 
kind, without addition of other substances, t ones 
prints by suI phi ding the silver; but only dull 
colours are obtained, and prints thus t oned are 
not very permanent, for the finely divided silver 
sulphide which is formed is not as resistant to 
atmospheric action as is the coarse-grained silver 
sulphide formed by t oning development papers. 
After the addition of gold chloride the mixture 
t ones somewhat more quickly than the double 
hyposulphi te of gold and sodium, but the tones 
are not as good as th ose obtained in the presence 
of a sal t of lead. Owing to the presence of salts 
of lead, the black sulphide of which is insoluble, 
ordinary combined t oning and fixing solutions 
contain no sulphide ; the t oned image neverthe
less contains a little silver sulphide. It appears 
that the thiona tes, formed by reaction in hot 
solution between the alum and hyposulphite, 
convert the lead into the most active form for 
assisting toning. 

1 Cr ysta lli ne acetate of lead ( (C f-f,COO),Pb , 3H 20), 
co mmo nly called sugar of lead (Fr. salt of Saturn e), 
occ urs in the form o f co lourless dense p rismatic cry s tals , 
v ery soluble in co ld water (morc tha n 50 per cent), and 
efflorescing slowl y in a ir. 

The n it rate of lead (P b(NO')2) is not very d iffere n t in 
appearance ; i t is a little less soluble i n w ater (abou t 
25 per cent). a nd is unaffected by the a tmosphere . 

Solutions o f these salts in ordinary water arc m ilky 
owi ng to the formatio n of chloride, sulphate, and car
bonate of lead fro III the corresponding calcium salts. 
Lead salts arc p oisonous. 

Combined toning and fixing mixtures supplied 
in a dry state do not always contain alum ; the 
solution in cold water of those which contain 
alum results in an unstable liquid which con
stantly deposits sulphur. The amount of lead is 
generally increased in these cases in order t o 
convert the sulphides into lead sulphide ; this is 
precipitated with the sulphur as a grey or black 
deposit. 

Toning takes place only in a neutral or acid 
medium; it is impeded by alkali, and also to 
some extent by sulphites and bisulphites. 
Ammonium sulphocyanide is sometimes added 
to combined t oning and fixing solutions ; these 
solutions could also be made wi th thiourea or its 
derivatives instead of hyposulphite, b ut without 
any particular advantage. 

543, Preparation and Use of Combined Toning 
and Fixing Solutions, The addi b on of gold 
chloride t o these solutions should be postponed, 
if possible, until shortly before the solut ion is 
required for use . The following solution is fi rst 
prepared-

Sodium hyposulphite , cryst . 4 oz. (200 grill .) 

Al um • • • · 1 3 0 gr. ( 15 grm .) 

Lead acetate or nitrate • I S gr. (2 grm.) 

Water, to m ak e • • 2 0 oz. ( 1,000 c.c. ) 

The three solids are dissolved separa tely; the 
alum and the hypo solutions are brought to the 
boil and mixed boiling. A bulky precipita te is 
formed wi th evolution of sulphur compounds. 
After complet e cooling, the solution of the lead 
salt is added. After several days' stan ding the 
solution is filtered; no further precipi tate will 
form. 

Shortly before treating the prints, the required 
quantity of solution is taken and to it is added 
the gold chloride (r per cent) solution in the 
proportion of one volume of the gold solution 
to 20 volumes of the stock solution. A pproxi
mately 4 oz. of solution is necessary for 20 prin ts 
7 X 5 in. in size ; this number may be increased 
to 25 if the prints are fixed before treatment. 
Should this be the case, the bath may be diluted 
t o facilita te the immersion of the prints. As far 
as possible a quanti ty of solution greater than is 
necessary for the number of prints to be treat ed 
should not be used, and a fresh bath 1 should 
be employed for each batch of prints. 

1 I n h ot climates, a nd t o ob tain h a rdenin g of th e 
gelatine more completely t han that obtained w ith the 
solution given above, the following solution , prepared 
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F or satisfactory permanence , prints must be 
given an extra fixing. 

544. Development of Partly-exposed Prints. 
Print-out papers with a soluble silver salt in the 
emulsion can be developed physica ll y (§ 39S) 
to give their normal depth after an exposure of 
on ly from one quarter to one-tenth of tha t 
required for a fully-prill ted image, using only 
the si lver salt actually present in the sensitive 
film (Blanquart-Evrard, 1850) . This method is 
applicable only to paper of fresh manufacture 
which has been kept u nder perfect cond it ions 
and which has been handled on ly in artirlciallight 
or very weak daylight; t he less the degree of 
printing, the more strictly do these conditions 
apply. 

From the very mechanism of thi s react ion it 
is obvious that the print should not be washed 
before development. Also, di lution of the silver 
salt in the developer should be avoided as fa r as 
possible. As it is necessary to use a perfectly 
clean dish, one of glass should be chosen. A dish 
can be dispensed with, however, by placing the 
print face upwards on a sheet of glass larger than 
the prin t, and then covering it with developer 
by swabbing it rapidly with a plug of cotton wool. 

The colour and the contrast of the developed 
image vary considerably with the type of paper 
used , the depth of the original image, the actual 
developer chosen and the degree of acidity of 
the mixture. Lightly-prin ted images genera lly 
gi ve pri n ts wi th very poor con trasts. 

The following developer (E. Valenta, 1914) 
may be used-

Citr ic acid . • 

Meto l • • 

}-I ydroquinonc . 

W ater, to make 

• 

• 

• 

• 

T 50 gr. (17 g rm. ) 

35 gr. ('I grrn. ) 

53 gr. (G g rm .) 

20 OZ. (r , DOO e.c. 

This solution keeps very well in well-s toppered 
bottles, and is diluted for use to from 10 to zS 
times. Preliminary tests should be made on 

• 

in the cold, may be used for gelatine F.O.P. (Lumicrc 
a nd Seyewetz, 1906) -

Sodium hyposu lphitc, cryst . :5 oz. (250 grm. ) 

Sodium bisu lphite , co ml. solulion I t dr. (10 c.c.) 

Alum • • 

L ead acetate • 

\oVater, to make 

• 

• 

• 

• 

• 

• 

350 gr. (40 grm.) 

I S gr. (2'0 grin. 

20 oz. (r ,000 c.c .) 

Gold is added to this a s requi red, in the manner 
described above, according to need. 

pieces of print to determine what dilution is best 
for the actual paper used. 

'vV hen the image has· reached the desired depth, 
development is stopped by im mersing the print 
in a di lute (about z per cent) solution of sodium 
chloride (table salt) . After washing, the print 
may be toned, or treated with a combined toni ng 
a nd fixing bat h. 

Stain (due to genera l excessive exposure of 
the paper to light or to the temperature of the 
bath being too high) may be avoided, and at 
the same time the contras t of the image may be 
inc reased by adding to the developer a few drops 
of a di lu te solution of potassium dichroma te 
(G. Schweitzer, 1905) ; up to S drops of a I per 
cent solution may thus be added to 4 oz. of 
diluted developer. 

(d) SELF-TON I NG PAPERS 

545. Types of Self-toning Papers. The addi
tion to the emulsion of the gold salts necessary 
for toning prin ts on print-out paper was sug
ges ted before 1860, but it was not until 1896 
that P. E . Schoenfelder and E. Kehle worked 
out a commercial process. F or some years past 
a certain number of self-toning or attto-toning 
papers have been prepared which, instead of 
gold, have salts of selenium or tellurium in the 
emulsion. 

Emulsions for self-toning papers are made 
with gelat ine or co llod ion, and correspond to 
gelatine and collodion print-out papers respec
tively. Gelatine papers are genera lly pre [erred 
[or glossy prints and collod ion papers for matt 
prints. 

The extreme simplicity in the hanell ing of 
these papers and the permanence of the prints 
when the treatment has been correct have made 
these papers very popular with amateurs who 
do their own printing. So simple, indeed, is the 
manipula tion that there is a tendency to take 
liberties, a nd so to depreciate the quality and 
permanence of the prints. 

546. W orking Methods. Self-toning papers 
should be used only with vigorous 1 negatives. 
The fmal tone of the image largely depends on 
the qualities of the negat ive; within certain 
limits, the more vigorous the negative, the 
richer the colour of the prin t. 

Self-toning papers may be placed in the fixing 
bath without any washing or other preliminary 
t reat ment. Most of them can be treated with 

1 With the exception o f the special self-toni ng papers 
made for obtaining contrasty prints from weak nega
tives. 

• 
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a solution of sodium chloride (table salt) before 
Ii xing to give purplish tones . In both cases, 
t he colour of the image depends essentially on 
the concent rat ion of the bath, and on t he 
volume of bath used for a given amount of 
pa per. To ensure uniformity of colour when 
many prints of the same subj ec t a re being 
prin ted, they should not be treated one by one 
in the same soluti on ; it is better to measure into 
a dish the amount of solution required for a ll 
the prin ts, and then to introd uce them rapidly 
one by one in to the ba th for simulta neous 
treatment. The prin ts must be kept in move
ment , a good method of doing this consists in 
continually transferring the print at the bottom 
of the heap to the top. 

The usual strengths of baths a re 5 per cent 
of sodium chloride for the salt solu t ion and from 
1 0 to 20 per cent of sodium hyposulph ite for 
the fixing bath . Acid or alum fixing solutions 
should on no accoun t be used. The fixing bath 
should p referab ly be rendered al kaline by the 
addition of a pinch of bicarbonate of soda in 
accordance with the recommenda tion of most 
manu facturers. 

Very cold baths should be avoided; the best 

temperature is in the neighbourhood of 65° F. 
If the toning is done in the fixing ba th, and if 
the tempera ture is too high, the s trength should 
be reduced by addition of water to avoid the 
toning being too rapid for easy control. 

The volume of bath generally recommended is 
from I to If oz. for a print 7 X 5 in. (from 30 
to 50 c.c. for a print 13 X 18 cm. ) (4 to 7 oz. 
per sq . ft., or 12 to 2 0 c.c. per sq . dm. ). Used 
baths, which have practically no value, should 
not be used many times in succession, nor should 
fixing baths which have been used for other 
sensitive material ever be used for self-toning 
paper. 

Where the above instruct ions are found to 
differ in any respect from the ma kers' instruc
tions, the latter should, as a rule, be followed. 

Some self-toning papers become discoloured 
between t he t imes of their manufac ture and 
use more readily t han do other print-out papers, 
but the colouration disappears during fixin g ; 
paper should not therefore be t hrown away, 
owing to its appearance, until it has been tested. 

After fixing, the prints should be washed 
under the conditions (§ 607) described for a ll 
other papers. 



CHAPTER XXXVIIl 

PAPERS, PLATES , AND F ILMS FOR POSITIVE PRINTS BY DEVELOPMENT 

(a) GENERAL CONSIDERATIONS 

547. Different Kinds of Emulsions and their 
Characteristic Qualities. The different emulsions 
to be considered are: Gelatino-bromide for black 
tones; gelatino-chloride for black tones these 
sometimes contain a small proportion of silver 
bromide; and gelatino-chlorobromide of very 
fine grain for obtaining warm tones by simple 
development and fixing. It should, however, 
be recognized that this division is somewhat 
arbitrary. Wa rm tones can generally be ob
tained with the emulsions described as being 
for black tones, especially when it is intended 
that they should be viewed as transparencies. 
And the emulsions described as being intended 
for warm tones can always be made to produce 
black images. This division is, however, justified 
by the general character of each class. 

In each class, emulsions coated on papert are 
usually prepared in several varieties, each con'es
ponding to a given range of ext reme densities 
of the negative. 2 These different grades are not 

1 Positive em ul sions fo r papers are generally coated 
after a very brief maturing and without washing . On 
s uch emu lsions the latent image wea.kens very rapid ly 
and can di sappear completely in a. fow weeks, paper that 
has bee n exposed a nd no t develo ped be in g then usable 
anew. 

Papers inte nded for pro fessional s and for developing 
and printing establi shments for amate urs are usually 
coated with an emu lsion s ut1i c icntly hardened to be 
insoluble in bo iling water, so as to resist (not with out 
injury , h owe ver, t o the quality o f the prints ; § 6 [1) 
the excessive ly high temperatures, sometimes exceeding 
212 0 F., o f th e drum s of the drying or g lazi ng machin es . 

2 In a range o f seven papers (glossy surface) o f the 
same seri es, the logarithm s o f the g radation (between 
the densities 0·0 2 and 1 -7) and the gamma are spaced 
as follo ws (Wandell , 1934)- L og . 0/ the Gam.",,, 

Ultra. co ntrasty 
Extra contra.sty 
Contrasty " 
Normal _ 
Spec ia l . 
Soft. . 
U ltra soft . 

• • 

• • 

• • 
• • 

• • 

• • 

• • 

Gradation 
0 ' 45 
0 '05 
o"go 
1 - I 5 
l' 4 
I' 7 
2' r 

2"7 
I" 75 
1'1 

Papers of the same series with different degrees of 
contrast usually have the same degree of rapid ity in 
prac tice, exposures that differ little g iving the maximum 
black on all the papers of the series, whereas the speeds 
measured accordi ng to the thresho ld of density increase 
progressively when passing from the most co ntrasty 
variety to the softe st one . 

necessary in the case of emulsions coated on 
glass or other transparent supports for the pro
duction of images to be treated singly, since the 
contrasts of the image can be so easily modified 
by exposure and control of development. This 
method of modification cannot be exercised 
when the same emulsions are coated on an 
opaque support and the image is examined by 
reflected light.l 

In an image examined by transmitted light, 
the contrast increases progressively in propor
tion to the progress of development, up to a 
certain maximum, which may be very high 
(§ 202 , Fig. 140). But the contrast in an image 
seen by reflected light increases rapidly at first 
and then becomes stationary 2. 

As a rough guide, an approximate idea may 
be given of the relative sensitiveness of the 
various types of emulsions 3 

Ultra-rapid negative em ulsions " 
Positive emulsions , black tones " 
Gelatino-bromide p a p ers (brom ide) 
Gelatino·chlorobrom ide papers , 

warm tones • • • • 

Transparency plates , warm tones , 
according to the tone desired and 

75,000 to 10 0 ,000 

1,000 ,t 3,000 

300 t, 1 ,000 

100 " 200 

brand . " . " " I " Z5 
Gelatino-chl orid e p a p ers (gas light) . 1 " 5 

Gelatino-chloride (gaslight) papers give, as a 
rule, much more intense blacks than bromide 
papers, and, consequently, a more extended 
scale of tones. Their sensi ti veness is consider
ably less, and their development should be 

1 It is easy to realize this difference by exam inin g 
by trans mitted light a prin t made on a paper which 
gives too great a co ntrast for the negative used. 
Although , by reflected l ight, a ll the dark tones arc 
lost in the deepes t black s, full d etail and modelling a rc 
apparent by transmitted light, p rovid ed that a suffi
c ien tly strong li ght is employed to co mpensate for 
the opacity o f the p a p er . 

2 A very brief development be in g liable to yie ld a 
degree of contrast lower t han its maxi mum, most 
frequently produces an image which is irregularl y 
developed , and of very d isagreeable colour. However, 
the li se of a metol developer with out bromide, or with 
very littl e bromide, permits deve lopment to be so me
what curtailed with certain papers a nd permits the li se 
of a paper of give n gradation for prin ting from nega-
tives of whic h the range of extreme den sities is some
what greater (J. South worth , 1936) . 

3 Gelati no- bromide and gelati no-c hlo ride papers for 
development contain, o n an average, about 3 gr. o f 
metallic silver p er squa re fo ot (2 gnn . per sq. metre). 

358 

.1 



PAPERS, PLATES, AND FILMS FOR POSITIVE PRINTS 359 

extremely rapid. Its normal time is generally 
about 30 seconds. 

548. Abrasion. All these papers, especia,lly 
gelatino-chloride and those with a glossy surface, 
are very susceptible to friction. Stress marks, 
the result of friction or abrasion, show in the 
same manner as on negative emulsions (§ 199) , 
as black lines on a light ground, or as light lines 
on a dark ground. For some years many glossy 
papers have been rend ered immune from stress 
marks by a very thin overcoating of plain 
gelatine,l the thickness being about T'T}m, th to 
,-."'",,th of a n inch (o·ooz mm. to 0'005 mm.). 
These stress marks are principally confined to 
the outside surface of the film, particularly in 
the case of the black lJlarkings. The markings 
which result from abrasion or friction can be 
minimi zed by " neutralizing " the outside sur
face during development by adding a very small 
quantity of a soluble iodide to the developer, 
which superficially desensitizes the emulsion. 
Fixing is then very slow and necessitates the 
employment of a more concentrated bath. The 
effects of fri ction can also be lessened by the 
addition of small quantities of hypo to the 
developer ; but this in troduces the ri sk of yellow 
stains of t he sa me nature as dichroic fog. 

Although these remedies are suggested, it is 
very desirable to avoid all friction or rubbing 
of the surface of a paper, however slight. Special 
care should be taken t o prevent the sheets of a 
packet from sliding over each other. 

549. Manipulation of Printing Papers before 
Exposure to Light. There is no uniformity in 
the methods of packing adopted by different 
makers. In some cases the sheets are packed in 
pairs, the two sheets of each pair being face to 
face; in others, all the sheets of the packet are 
turned with their surfaces in the same direc ti on , 
the las t sheet of the packet being placed th e 
opposite way so as to prevent the surface of the 
emulsion from coming in contact with the pack-
• ll1g paper. 

The emulsion surface is generally recognizable 
by its slight concavity. In case of any doubt 
arising with matt or rough papers, a corner may 
be taken between the teeth; the gelatine film 
will adhere to the tee th." 

The surface of the paper should never be 
touched by fingers which are either moist , 
greasy, or contaminated with chemicals, espe-

1 I t has also been proposed to give an Qvercoating, 
insoluble bu t permeable- agar or collodion-so as to 
diminish the risk of ad hesion to the fabric of the drying 
machine. 

cially hypo. Whenever possible, the paper should 
be held by the edges. At the most, when a print 
is t o be trimmed after development, it may be 
held by a corner. 

The precautions to be adopted in keeping 
stocks of sensitive paper are the same as those 
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already described for keeping sensitive plates 
and films (§§ z80 and z8r ). 

550. Exposure. Excepting for compensa ting 
for any inequality in a negative (§ SIS) the 
exposure should always be made t o a uniform 

2 A grey imprint on the back of the papcr is a very 
great assistance in identifying the sensitive surfacc. 
Such impr ints were em ployed exten sively from 1 4) 1 5 

to I91 8 by the English :Military Air r orcc, the imprint 
being an Army o wnership mark . T he makers of vari ous 
papers used by the firms undertakin g developing and 
printing for amateurs also print the name of the paper 
on the back. There is a risk o f thi s imprint appearin g 
on the picture in a grey darkcr than than image if the 
prin ts issui ng fro m the printing machin e are left fo r a 
long time face downwards in red light, the ill1agc bein g 
t hen weaken ed by t he Herschel effect (§ 197) except 
wh ere protected by the imprint. For metroph oto
graphy, papers are made with t he back coa t ed with 
plain gelatine- insensitive. T hese papers, aft cr th ey 
have expand ed in water, are squeegeed to a glass p late, 
the back of the paper in contact with the glass . Th ey 
are never subject to any expan sion or contraction by 
subsequent wetting or drying while th ey remain on the 
glass support (§ 613 ) , and, consequently, Ineasurem ents 
can be read off the prints so made. 
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light , obtained by a suitable spacing of several 
lamps in rela tion t o the negative ; or a very 
satisfactory approximat ion can be secured by 
the employment of a single lamp suffi ciently far 
from the negative. 

When , for example, four lamps a re used 
placed <I t the four sides of a square, at a d ista nce 
equal t o half the d iagonal of the square, the 
va ria t ions of the illumination of t he square will 
not exceed 4 per cent of the maximum illumina
tion var ia tions which may be reg<lrded as 
negligible. 

When a single lamp is placed opposite the 
cent re of the surface to be illum inated , the 
lighting decreases p rogressively from the cen t re, 
on account of t he increasing obliqu ity of the 
rays of light. A varia tion is generally disre
garded when it is not more than 15 per cent 
between the illumin a ti on a t t he centre and th <lt 
at the most distant poin ts; this vari ation corre
sponds with an ob liqui ty of I S o for t he ext reme 
rays in the case of a source consisting of a point 
of light. In prac tice, the lamp is placed a t a 
d istance of about twice t he longer side of t he 
negative, b ut this distance may be a ppreciably 
red uced if a diffused light is empl oyed , e.g. an 
elect ric lamp with an opal b ulb. 

I n order to secure even illu mination of large 
surfaces with a battery of mercury-vapour lamps 
they shoul d have a length equal to about one
a nd-a-ha lf times the greates t length t o be 
illumina ted. The tubes should be arra nged 
parallel to each other, and parallel to the d irec
tion of the negat ive . They should be separa ted 
from each other by a distance of one and th ree
quarter t imes their distance from the negat ive. 

55!. Bearing in mind that the illuminat ion 
decreases very rapidly in strength as the d istance 
from the lamp becomes greater (§ 13), uniform 
results cann ot be ex pected unless the nega ti ve 
is kept at a fixed d istance from the lamp. T hi s 
appl ies equally whether sys temat ic tests are 
made for obtaining the best t ime of exposure, or 
whether a series of prints is required from one 
pla te. This condition is secured a utoma tically 
when a printing machine is used. W hen print ing 
in a frame the most simple method of obtaining 
these cond it ions consists in placing the la mp 
on a tab le in a marked position, and drawi n::; 
li nes on the table to indicate various positions 
for the frame. On each one of these lines make a 
note of the largest pla te wh ich can be illumina ted 
suffi ciently uniformly in tha t position, and a lso 
the relative values of equal t imes of exposure. 1 

1 These l ines can be draw n at distances fro m the lamp 

Wi th some printi ng machines for photography 
and cinematography, the lighti ng may be varied 
bv means of a rheostat placed in the circuit of 
t he lamps, or of each lamp. It is necessa ry to 
note that under these conditions the qllality of the 
light will vary as well as the quantity, and in a 
manner very different from one lamp to another. 

It has been clearly shown by various experi
menters, and particularly in tIlt' la boratories of 
Ilford Li mited (1925) in regard to the develop
ment papers of their own manufacture, tha t it 
docs not necessarily follow tha t in prin ting by 
a feeble light t he con trast in the prints is 
increased. On the cont rary, the cont rast is 
frequentl y reduced , as is a lso the maximum 
density of the blacks obta inable, whatever may 
be the time of exposure to the reduced light. 
T his q uality of regula ting the cont ras t in prints 
by vari a t ion in the light , often regarded as a 
general r ule, is, at the most, a special property 
of particular development papers. 

552. Experimental Determination of the Ex
posure. T he success of pr in ting on development 
papers depends essentially on two factors. The 
first is the choice of an emulsion suited to the 
character of t he negative, a nd t he second is the 
adjustment of the exposure between certa in 
li mits determ ined by the sensitiveness of the 
emulsion, by the illuminati on of the negative, 
and by t he opacity of til e densest pa rt of t he 
negative under wh ich it is desired to obtain a 
grey, differing (however slight ly) from the tone 
of the paper or from the pla in glass. 1 

T he actual time of exposure ought not to be 
very short , un less some a utomatic exposing 
device can be adopted, as a slight error assumes 

pro portionate to the sq uare roots o f the num bers 
t , 2 , 4 . S, 16, 32, etc. T hese arc, a.pprox imately , 
J , 1'4 , 2, 2 ·8 , 4. 5,6, etc . Under these cond it ion s, 
eq uival ent ex pos ures a re practicall y d oubled w hen the 
frame is m oved from any l ine to t he nex t . 

\ Vhen giv ing exposure times inverse ly p roportionate 
to the i llumi nation, the effec t ive exposure d iminishes 
s li ghtl y in propo rt io n as th e ill umination dec reases ; 
t he photographi c efft c iency being , "with a lmost all 
papers, less as the li ghting becomes less intense. l ~ lI t 
this effect is, as a ru le, of a prac tical s ignifi cance only 
when the illum ination is very co nsiderably red uced . 

1 I t has been somet im es s uggested that the best 
t ime o f exposure should be determined from th e mean 
valu e of the opac ity o f t he negat ive. I t is easy to show 
that such a proposit ion is radica ll y unsound. The 
correc t rendering o f th e details in the I ig htest tones is 
generall y far more importan t than the co"rrect rend erin g 
of t he oth er tones. A satisfactory rend eri ng of t he 
shadows is , however, obtained by the same exposure 
i f the contrast and gradat ion of the paper are suited to 
t he contrast of t he nega tive (§§ 5°2- 503). 

• 



PAPERS, PLATE S , AND F ILM S FOR POS ITIV E PRINTS 36r 

relat ively a considerable im portance. At the 
same time, it should not be so long as to restrict 
und uly the number of prints produced. When 
the exposure is made by hand , the intensity of 
the light,l and its distance from the negative, 
should be so arra nged that the exposures should 
be, as far as possible, from 1 0 to 30 seconds. 

The foll owing work ing condit ions may be 
adopted as a rough guide-

Brol11 ide pap :::: rs . . 
T ranspare nc ies , blac k tone 
Chlo ro- bram lel c papers 
Chloride or gaslight papers 
T ran sparen cies, warm tones 

: ( 16 c .p. lamp at 4 ft. 

. 32 c.p. lamp at 18 in. 

: l 100 c.p. lamp at 1 2 in. 

Although with practice it is not difficult to 
learn to coun t seconds, it is a lways preferable 
to rely on some mechanical time indicator. It 
ensures uniformi ty in prints taken from the 
same negative. The most practical indicator for 
this purpose is the met ronome, adjusted to mark 
seconds or half-seconds. 

553. Even the most experienced professional 
printer cannot avoid making errors from time 
to time in es tima ting the exposure for taking a 
print from a pa rticular negative on a certa in 
paper. Those wh o print only occasionally are 
very much more liab le ta make such mistakes, 
especially if t hey are using a paper with which 
they are na t famil iar. R ather than run the r isk 
of spoi ling several sheets of pa per in succession, 
or of obtai ning only infer ior prints, it is infll1 itely 
preferable to sacrifice a small piece of paper for 
making tests. A piece of the same paper which 
is to be used for prin ting is used for maki ng a 
series of exposures in steps, sui tably adjusted 
to the negative. 

A series of exposures so arranged t hat each 
shall be twice the preceding so forming a 
:;eollletricnl progression in the ratio of 2 wi ll 
a llow the bes t time of exposure to be determi ned 
withi n a very long range , and by the use of the 
minimum of time and paper. It is, in fact , a 
general law in photography that exposures in a 
constant ratio produce images in which the differ
ences are practically equal. The number of test 
exposures to be made will obviously depend on 
the experience already acquired: the first esti
mate is much more likely to be correc t if the 
photographer has already ascertained the most 

1 In automat ic machin es and in so me models o f 
printing box, the illu mi nation can be varied , not by 
altering the distance betwee n the plate a nd the lamp 
or lamps, but by reg ulating the intensity of the e lectric 
famp by reduc ing the voltage morc or less by means of 
a rheostat . 

sat isfactory exposures for negatives wh ich differ 
only slightly in character and if prints have 
been taken on the same paper under identical 
condi tions of lighting. 

The beginner should try, for example, ex
posu res of 4, 8, 16, 32, and 64 seconds. Within 
this range it is pract ically certain that the correct 
exposure will be found. A more experienced 
worker can limi t h is tests to two exposures , 
12 a nd 24 seconds, for example. It is not desir
a ble, part icularly at the start, to endeavour to 
economi7,c paper in these tes ts. It is essentia l 
that in each of the test exposures it should be 
possible to exami ne satisfactorily the rendering 
of the lights and shadows, especially in the chief 
points of interes t. 

The printing fram e, containing the negative 
and the piece of paper for the test , is covered 
with a n opaque shield a piece of carel, thin 
sheet iron, etc. and placed at the correct 
distance from the lamp, accurately ad justed. 1 

If, for example, it is desired to test the five t imes 
of exposure previously suggested, t he sh ield, 
completely withdrawn for four seconds, will he 
placed so as to cover about one-fifth of the 
tes t-piece at the expiration of that time. Then 
the shield will be moved forward so as to cover 
an additiona l portion of the paper at successive 
intervals of 4, 8, 16, and 32 seconds. 

The different port ions of the paper will then 
have been exposed respectively for- · 

4 - 4 sec. 
4 + 4 - 8 " 
4 + 4 + 8 - 16 " 
4 + 4 -[- 8 -[- 16 - 32 " 
4 -[- 4 + 8 -[- 16 -[- 32 = 64 " 

The test piece th us exposed should be devel
oped at once under the conditions which will 
be described later for each variety of paper , the 
time of development and the temperature of the 
solu tion being very carefully noted . 

The different parts of the tes t piece will show 

1 For making a tes t expos ure in a printing box, th e 
opaque shield should be placed o n one of the diffusers 
or o n the glass plate which hold s th e vig netting and 
cu t-out masks. I t has also been proposed that neutral 
grey screens should be emp loyed, th ese screens be ing 
formed of a series of flat tints of wh ich t he opacit ies 
increase in geo metrical progress io n with i1 rati o o f 2 . 

The negative to be tested is placed in contact w ith the 
sensitive paper in the usual manner and th e screen in 
contact with the glass s ide of the negative. By me<'lns of 
one exposure a series of res ults is obtained , and as soon 
as t he best o f these partial im ages is recognized, the 
correct time of expos ure is obta ined by dividing the 
actual time o f the test exposure by the kn own opacity 
of the corresponding part of the SCleen . 
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images increasing in depth; that which best 
represents the tone values of the subj ect will 
be selected. Assuming that the development 
has been correctly carried out, if all the images 
are too light, all the exposures have been too 
short; if, on the contrary, all are too dark, 1 a ll 
the test exposures have been too long. In either 
case the t est ought to be repeated either by 
using a lamp of greater or lesser intensity, or 
by modifying the distance between the printing 
frame and the light, or by adopting a new series 
of t est exposures. Should one of the partial 
images be a little too dark and another slightly 
too light, a fresh test is unnecessary; an exposure 
intermediate between those corresponding with 
the two images respectively may be adopted. 

If the light t ones are correctly represented 
on one of the partial images, and the shadows 
on another, it is a sign that the paper selected 
is not suitable for printing from that particular 
negati ve . The test should be repeated on a 
paper exactly suited t o the negative. 2 If the 
shadows are correctly reproduced with an 
exposure shorter than that which gives the best 
rendering of the light tones, a paper which gives 
softer contrasts should be used . On t he con
trary, a paper giving greater contrast should be 
selected if the shadows are correct I V rendered 

• 

with a longer exposure than that required for 
the light tones. In either case, a test for the 
correct exposure should be made on the new 
paper. 

The best exposure being known, any desired 
number of prints may be taken consecutively, 
and t he development deferred to allow of the 
simul taneous treatment of all the prints from 
the same negative. An essential condition is 
that they should be developed in exactly the 
same manner as the test piece, th e deve loper 
being identical in composition and temperature. 

554. Urgent Prints. In certa in cases, as, for 
example, current events for the daily Press, 
topical cinematography, military operat ions, 
etc., one or more prints may be required in the 
shortest possible time after exposing the nega-

1 I t is obvious that the development of the test pi ece 
might be shortened, thereby preventing the image fr0111 
attaining excessive density . But in that case the blacks 
would not possess that rich quality which characterizes 
a normally developed print. 

2 It must be borne in mind that though two papers 
may have t heir full gradation withi n the same limits, 
th ey may render th e interm ediate tones very differ
ently . The transition Illay be practically un ifonn in 
one, and very abrupt in the other. T wo papers possess
in g the same extreme contrast may thu s be very 
different in their genera l character . 

tive. The print is then taken from the wet 
negative, either before or after fixing. It must 
be remembered, however, that the bromide of 
silver in the unfixed film forms an image com
plementary to the negative, the contrast of the 
negative image being thereby considerably 
reduced. Also, a temporary fix ing in an acid 
solution with a brief rinsing will require as 
much time as a thorough fixing in a fresh hypo 
bath of suitable strength. 

Printing from a negative which has been fixed, 
very rapidly rinsed and surface-dried, is best 
carried out by means of the enlarging apparatus. 
If absolu te sharpness is not essential, a print 
may be made by contact. The sensitive paper 
should be protected against actual con tact wi til 
the negative impregnated with hyposulphite by 
the interposition of a very thin sheet of celluloid 
of ample size, applied to the negative with a 
squeegee. On account of possible want of con
tact, diffused light should be avoided as far as 
possible. The image will be slightly sharper if 
the print is made at a long distance from a 
light as small as practicable, th e frame and 
the lamp being kept perfectly still during the 
exposure. 

In the case of a negative which has not been 
fixed but development stopped by means of an 
acid bath,l the sensitive paper may be appl ied 
directly to the negative by means of the sq ueegee 
(gelatine in contact with gelatine) . The paper 
should be previously moistened with water and 
the exposure made in the usual manner a fter 
wiping the glass side of the negati ve , or a fter 
placing on a sheet of glass in the case of a film 
negative. It should be remembered that the 
sensitiveness of the paper is somewhat Jess 
wh en wet. 

555. Soaking before Development. The devel
opment of prints on paper is considerably 
faci litated if they are wetted before development. 
This prevents the paper from curling in the 
developing solution, and also lessens the ri sk 
of air-bells forming on the surface , a risk to 
which rough papers are specially liable. It is 
very easy to ascertain if a ir-bells have formed 
by examining the print close t o the light, and, 
if any a re seen, to ensure the uniform wetting 
of th e surface by passing a brush or a tuft of 

1 I n this case it is necessary to usc an acid bath 
which \\Till not liberate carbon dioxi de fr olll the car
bonate , otherwise there is a risk of want of contact from 
the air-bells formed by the li beration of the gas. A 
saturated solution of boric acid may be used (R . 
Namias. 1908) . 
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cotton wool (thoroughly wetted) over the whole 
surface of the gelatine. 1 

The same precaution is generally adopted 
with positive cinematograph fi lms before devel
opment (§ 369) . 

556. Development. A print on paper can be 
considered perfect on I y if developmen t has been 
suffi ciently prolonged to produce the st ronges t 
black 2 which the paper in use can give, without, 
however, being carried to such a stage that t he 
whites are degraded. When it is desired to 
utilize only a part of the scale of tones, e.g. 
from white to a medium grey, as in portraits of 
children, m ist effec ts, etc., t he paper should be 
selected and the exposure regulated so as to 
produce only a grey under the thinnes t part of 
the negative. But development should be 
carried as far as in the case of a prin t having 
full blacks. It is only on this condition that the 
intermediate tones can be correct ly rendered. 
A curta iled development produces, as a rule, 
only greenish or yellowish images" very un
suitable for after-treatment sulphide toning, 
Bromoil , etc. A very short development will 
even prod uce a n irregular image, certa in parts 
being more fully developed tha n others. 

In order to ascertain t he normal limi ts of the 
time of development 4 of a certain sensiti ve paper 
in a given developer, used at a definite tempera-

1 \Vh cn a prin t is required from a v igorolls negative 
on a bromide paper which tends to give s tro ng co n
tras ts , the print, after be ing exposed and wetted, Illay be 
i m ll1crscd for abo ut two minutes in a c- r per cent solu
tion of potassium bichro mate. I t s ho uld th en be rin sed 
rapidl y and deve loped. The con trasts in th e ima.ge wi ll 
be very apprec iably softened (j . Sterry, 1<)07). Th is 
effect is considerably influenced by the concentrati on 
o[ the so luble bromide in the emulsion used (Li.ippo
Cra mer, 1<)2<)) . It has been found (['. Formsteche r, 
1933) th at treatm ent with any oxidizers be tween expo
sure and development permits th e den sity curve to be 
di storted by extendi ng the gradation and lengthening 
the lower cu rved portion. Among o th er substances, 
cupric chloride or potassium ferri cyanide may be used. 

2 The fo ll owing considerations do not apply to warm 
to ne prints by di rect development. 

3 The im age in reduced s il ver is black on ly when 
the s ize of th e grain s o ( s ilver is with in ce rtain limits. 
Very fi ne grains, correspond in g w ith the in complete 
developmcnt o ( the grains of the s ilver hali de, are 
yell owish ancl remain yell owiSh aftcr sulphicli ng. Their 
colo ur can be improved only by intensificatio n, pro
du cing a n appreciable increase in their s ize. 

4 Th e speed of developmen t o f images o n paper ha s 
o ften bee n attribu ted to the pene trati on o f th e de
veloper through the paper base, but th e permeability 
of t he support plays no part. A paper o r which the 
emul sio n surface has been covered with a waterp roof 
varni sh shows no trace o f the im age after a time of 
im mersion equ al to the time of no rmal developmen t 
(C. Emmerm a nn, 1936) . 

ture, it is necessary to find out what minimum 
time of development will produce the maximum 
black and a t wha t stage of development the 
whites begin to veil or stain. These minimum 
and maximum times of development respec
tively are ascertained as follows (Dr. B . T. J. 
Glover, 1922)-

A strip of the paper to be tested is exposed 
uncovered in a print ing frame, at a suitable 
dis tance from a source of light, e.g. for 2, 4, 
8, 16, and 32 seconds respectively (~§ 552 and 
553), adjusting the exposure so as to produce 
the densest black possible. Th is strip should 
be developed for 2 minutes if it i: a bromide 
paper, or 30 seconds if gaslight , in each case 
using the developer best suited to the paper. 
It should then be ascertained which of the 
exposures has produced the most intense black. 
If this exposure should be either the longest 
or the shortest of the times given it wi ll be 
necessary to repeat the tes t a fter bringing the 
frame nearer to or mov ing it farther away from 
the source of light. Assume, for example, that 
8 seconds is the exposure wh ich gives the denses t 
black. A strip of paper about an inch or rather 
more in width should be exposed in a printing 
frame for t he t ime determined , namely, 8 seconds, 
half of its width being covered with a length of 
black paper. This strip is then developed in a 
bath whose temperatu re has been noted, and 
pieces about an in ch long are cut or torn off 
at intervals, care being taken to mark on the 
back of each the t ime during wh ich it wi ll be 
developed. These development times should 
form, preferably, a geometrical progression in a 
lesser rat io than that used for ascertaining the 
tim e of exposure. The following series of num
bers may be taken as an example of suitable 
t imes of development in seconds 1 

18 25 35 50 70 100 I 40 200 280 

the fi rst six being appropriate for gasligh t papers 
and the last six for bromide paper, for the pur
pose of this experiment. 

After each piece has been developed for the 
given time, it is placed direc t ly in a fixing bath, 
so as to allow the various pieces to be com pared 
in a bright light . It wil l be found , in the case 
of bromide paper , t hat the b lack developed for say 
100 seconds has less density than that developed 
for 140 seconds, but that th ere is no appreciable 
difference between th e blacks cleveloped for 140 
and 200 seconcls. From this it follows th at a 

1 The ratio o f this progress ion is equal to 1" 4 , that 
is, equal to the squ are root of 2. 
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time of development less than 140 seconds leads 
to an impairment of the black. Further, the 
half of each piece which has been protected 
from the action of the light should be perfectly 
pure on those pieces of which the time of 
development has not exceeded 200 seconds, 
though it may be grey and even stained yellow 
on the piece developed for 280 seconds. 1 From 
this it follows that the time of development 
necessary to produce the best black can be ex
ceeded considerably before fog or stain make 
their appearance. 

In order to determine that there is a minimum 
time of development independent of the ex
posure given, the experiment should be re
peated under identical conditions, excepting 
that the strip of paper should be exposed 
for a considerably longer t ime than in the 
preceding test, e.g. five times longer. It will 
then be found that although t he over-expo
sure has been considerable, a perfect black is 
obtained only after development for a similar 
time to tha t determined in the previous experi
ment. From this it is concluded that insufficient 
development cannot be compensated by an 
increase in exposure. 2 

As a general rule, a photographic paper of 
good quality and easy to manipulate may be 
developed in a suitable solution for twice the 
minimum time necessary for obtaining the maxi
mum black without any staining or vei ling. 

557. Experiment also shows th at all times 
of development comprised between the maxi
mum and the minimum, determined as dcscribed 
in the preceding paragraphs, will yie ld perfect 
pri n ts, provided t ha t the exposure is adjusted 
to suit the time of development adopted. 3 The 
correspondi ng exposures a re equally comprised 

1 The t imes of development g iven as an exampl e arc, 
obvio ll sly , not those which would produce o n all papers 
and at a ll tem peratu res the res ults expected . I t may 
be necessary to repeat the tes t with sI11 a ll cr or higher 
numbers , but preferably following the same ratio of 

• 
progresS iOn. 

2 [t is frequ en tly recommen ded that prints on 
dc vclopm cn t papers sho uld be d eveloped to " flllal it.y." 
This implies that, aftel' a certain t ime o f development, 
the image will undergo no fllrther change. Alth ough 
th e speed o f development beco mes s lower and slower, 
it never actually stops. This adv ice oug ht to be und er
stood as applicable only to the blacks of the image. 
which, once they have reached a certain depth, do not 
increase , however the devel opment may be prolonged. 

3 This very appreciable lat itude in the exposure of 
development papers for black to nes is clue to the co n
siderable in crease in the 1'egression of the inertia in 
proportion as development is prolonged . (See Figs . 
183 and , 84. § 547 ·) 

between two limi ts, and, as a general rule. 
identical prints are obtained, provided that, 
within the limits specified, the time of exposure 
multiplied by the time of development is a 
constant number (B . T. J. Glover, 1922) . For 
example, if the two extremes of the time of 
development are 2 and 4 minutes, and develop
ment for 4 minutes corresponds with an ex
posure of IS seconds, under certa in conditions, 
a print exposed for 20 scconds and developed 
for 3 minu tes, or a print exposed for 30 seconds 
and developed for 2 minutes should be indis
tinguishable from each other. But it would not 
be possible to compensate by development for 
a shorter exposure than IS seconds nor for a 
longer exposure than 30 seconds, as developmcnt 
could not be longcr than 4 minutes nor less than 
2 minutes in the example quoted, without the 
onset of fog or stain in the formcr case, and 
failure to produce a good bl ack in th e latter case. 

558. As already shown in regard to the 
development of negatives (§ 342), the specd of 
development is greater in proportion as the 
temperature is raiscd . The proportionate times 
of development for different temperatures a re 
not the same when one dcvcloper is substituted 
for another. The variation may be twice as 
much with one developer as wi th another for 
a difference in temperature of 18° F. 

The time of development determined by the 
tests just described would thcrefore be quite 
val ueless if development were carried ou t on 
another occasion a t a different temperature. \Ve 
shall see, however, th at for ccrtain types of 
paper, at any rate, development can be regul ated 
by other means than by a constant timc. 

559. Developers for Positives. While the 
differences in colour of the silver reduccd by 
various developers is of very limi ted importance 
in negatives, they assume considera ble import
a nce in the case of positive prin ts. A developer 
consist ing of metol and hydroquinonc y ields 
principally warm black tones; metol without 
hydroquinone, a morc neutral black ; while 
cliamidophenol or amidol tends La producc 
bluish-blacks wh ich arc unsuited for cream
tinted or chamois paper. 

The formuhe rccommended by the different 
manufacturers vary considerably, even when 
intended for use with emulsions of the same type . 
Beginners will do well to follow the makers' 
instructions, but it may be stated that any 
developer suitable for one type of emulsion will 
develop quite sat isfactorily all other emulsions 
of the same t ype. There is only one exception 
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to th is; plates or papers intended for yielding 
warm tones will often work more satisfac torily 
with one formula than with another. 

P otassium bromide, the usc of which is 
optional in developers for negatives, is a neces
sary const ituent of developers for positive images 
on plates, films, or papers. The proportion of 
bromide which is most suited to one emulsion 
is not a lways the bes t for a nother. It is, there
fore, bes t to m ake a few systema tic trials to 
determine the most desirable proportion of 
bromide for a given paper. 

According to the paper, and also according 
to the developer employed, the quantity of 
bromide recommended by the different makers 
ranges from slightly less th an 2 gr . to 25 gr. per 
20 oz. of working develo per (0 ' 2 grm. to 3 grm. 
per litre) . A series of solutions may be prepared, 
con taining in 20 oz.-

I! gr. - 3! gr. - 7 gr. - I 3 gr. and 25 gr. 

o f potass ium bromide. 
A sma ll quantity of solution of each strength 

only need be prepared, and for facilitating the 
correc t measuring of these small quantities of 
bromide, it may be used in the form of a I per 
cent solution. This may be measured from a 
dropping tube, afte r having ascertained how 
many drops represent, say, one dram. 

A strip of the paper to be tested should be 
exposed to light with black paper covering half 
its width, the other half being uncovered. The 
exposure should be sufficient for the most 
intense black that the paper will give on develop
ment. The strip should then be cut into fivc 
pieces, which should be marked on the back 
and developcd, each in a soluti on with a different 
proportion of bromide. The time necessary for 
obtaining a dense black should be noted and 
the action of the developer a llowed to continue 
until either staining or veiling appears. The 
smallest proportion of bromide which will allow 
a reasonable time to elapse between full develop
ment of the black and degradati on of the whites 
may be regarded as the correct quantity for 
that paper. It will be necessary to flx the test
pieces, so that they may be examined in a good 
light a nd t he qual ity of the black correct ly 
judged . A g reeni sh black indicates that the pro
portion of bromide has probably been too great. 

560. Stopping Development with an Acid 
Bath. On account of the grea t speed of develop
ment of positive papers, there is a ri sk of 
development continuing beyond the desi red 
point , and even continuing irregularly, if the 

print be m erely rinsed in plain water between 
development and flxing. Omiss ion of rinsing, 
i. e. the tra nsfer of the print d irec t from th c 
developer to an acid fixing bath, is not to be 
recommended; the accumulation of developer 
in the fixing bath would soon discolour it to such 
a degree that th e prints would lose their puri ty. 

Most frequently the action of the developer 
is stopped by immersing the prints in an acid 
bath , where they can remain without detriment 
for a long time. This avoids thc necessity of 
having to handle the developer and the fixing 
ba th a lternately ; in this case, omission to rinse 
the hands would involve a ri sk of s taining th e 
pri n ts. 

This stop bath may be simply a weak solution 
of sodium bisulphi te, or of a ny acid , or an 
acidifled solution of alum. This latter possesses 
th e advantage of becoming turbid as soon as 
the acid is saturated by the successive c,uantities 
of developer carried into it by th e prints, and 
thus affords an automatic indicat ion that the 
ba th must be either re-aciclitied or renewed . 

This acid ba th m ay be-
Chrome alUIn . 
Acetic acid , glacial 
\ Vater, to make 

• 

• 

• 

• 

• 

1 8 0 gr. (20 grm. ) 
18 0 min. (20 e.c.) 
20 o z. ( [ ,000 e .e.) 

Some papers have a lendency to acqu ire a 
very slight g reenish tint after treatment with 
chrome alum ; in that case, chrome alum may 
be replaced by ordinary a lum. Th e acelic acid 
may a lso be replaced by any other ac id which 
is less costly, and, pa rticularly, by a smal lcl 
quantity of hydrochloric acid . 

56!. Handling of Positive Sensitive Papers in 
the Tropics. The precautions previously sug
gested for negative ftlms and plates (§ 391) 
apply equally to papers. The preliminary soak
ing should be in a solution of sod ium sulphate, 
or, if spirit is not costly, in water to which about 
20 per cent of its volume of methylated spi ri t 
has been added; and sodium sul phate should be 
added to the dcveloper. In order to a void the 
use of liquid acids which involve difflculty in 
transport, or costly sol id acids such as tartaric 
or citric, the s top ba th may be acid iflCd with 
either bor ic acid or sod ium bisulpha te . 

(b ) BROMIDE PAPE RSl 

562. Non-actinic Light. Bromide papers are 
of sufficien tly low sensitiveness to a ll ow of their 

1 \ Vith bromide papers there is often noticed a de
crease of the maximu m de nsity and co ntras t as they 
become o lder ; thi s pheno menon docs not occur with 
chloride and eh lorobromide p apers (.\hriman, I 933) . 
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mani pula tion in yellow, greenish-yellow, or 
orange light. The use of red light is not only 
useless but distinctly undesirable, as it renders 
it very difficult to judge the contras t and quality 
of the image correctly during development. 
With regard to the choice of the methods of 
lighting, the tes ting of non-actinic screens. and 
their preparation, reference should be made to 
§§ 248 to 251 , where these ma tters have already 
been dealt with. 

The methods of working described for papers 
apply equally to the same emulsions coated on 
opal glass. 

563. Developers for Bromide Papers. Either 
of the following developers may be used with 
advantage. 1 

M etol-hydroq·uino1te Developer-
Met ol . . . . 9 g r. (I g rm .) 
Soda sulphite . a nh ydrous . t o z. (2 5 g rill .) 
H yd roqu in one . . . 35 g r. (4 g rm .) 
So ci a ca rbo nate , an hyd ro us 1 30 gr. ( 15 g rill .) 
P otassiu m bro m id e , 1 0 % 

so lu ti o n . . . 45 m in . (5 c. c .) 
\;Va tcr, t o m a ke . . . 20 oz. ( 1 ,000 c .c .) 

This developer, which keeps well, ca n be 
prepared in the fo rm of a stock solution of double 
strength . This is di lu ted at the time of using 
by taking a given quantity of the solution and 
adding an equa l volume of wa ter. 2 

When this developer is used at a temperature 
of about 65° F ., the image appears, as a rule, in 
about 30 seconds, and development is complete 
in from 2 to 3 minutes. 

Amidol Develop er'-
Sod a s ulp h ite , a n hydro us 
Am idol (h ydroc hlo rid e) 
P ot assium b ro mide, 1 0 0/0 

solutio n . . . 
W ater. t o m a ke . . 

~ oz. (25 grm. ) 
55 g r. (6 gr m .) 

45 min. (5 e .e .) 
20 oz. ( ' ,000 c .c. ) 

' The risk o f ai r -b ells ad heri ng t o t he s urfa ce is 
lesse ned , whe n t he p a p er is n o t soa k ed b e fore develop 
men t , by repl acing fro m I t o 2 oz. o f w a ter in t hese 
fo rmu lae b y an equ a l qu an tity o f m e t hyla t ed spirit . 
T o reduce t he risk o f s t ress m ar ks (§ 548) a nd dich ro ic 
fog whe n d evelopin g in h o t w ea t he r , a small p o r t ion 
o f iodide is SO!11Cti m es added t o t he d e velop er- from 
5 t o I 3 gr. p er 20 o z. ( ' 5 t o 1' 5 g rill . p er 1 , 0 00 c .c .) . 
H yp o. a nd sodiu m cyanid e in very sm a ll qua n t ities, 
about 9 gr. in 20 oz. ( I g rm. p er 1 ,00 0 c. c .) a rc v ery 
effecti ve in p reve nti ng stress m a rks , b ut th ey in crease 
the risk o f dichro ic fog. 

' The add ition t o t he d evelop er of a p rop ortion of 
d esens it izer, so s ma ll t ha t t h ere is n o r isk of st aining 
the p aper , will avo id a ll r isk o f v ei li ng through oxida
tion, a nd ensures gq.n era ll y ob taining p ure r prints. 
For ty-five m inims of a I: J ,00 0 solu t ion o f b a s ic scarlet 
N should b e a d d ed t o 2 0 oz. o f worki ng d ev elop er 
( R . Ma uge . 1925). It a lso lessens t he risk o f s t a ining 
the whi tes in the ev ent o f subsequent t o nin g. 

This developer should be prepared a t the 
time of using. At a temperature of 65° F ., the 
image appears in about IS seconds, and develop
ment is complete in from 2 to 3 minutes. 

All the quick-acting developers previously 
given for the development of negatives, can be 
used for bromide papers, provided tha t the 
proportion of bromide is suitably adj usted. 

564. Development. Development is usually 
controlled by inspection. A number of prints 
are immersed successively in a dish sufficiently 
large and with a quantity of developer which 
will allow of ready handling of the prin ts. As 
soon as several prin ts have been immersed, they 
should be kept in constant motion. The lowest 
should be brought to the top, each print in 
succession, un t il, the image being correc tly 
developed, the print is transferred to the acid 
stop bath. 

In proportion as fresh prints are developed, 
the developer becomes charged with increasing 
quantities of soluble bromide, and especially 
so as positive emulsions usually contain an 
excess of potassium bromide. Even if the tem
perature of the solution is constant, the speed 
of development falls off, and the colour of the 
prints tends to change progressively. 

In order to ensure that prin ts from the same 
negative are as similar as possible, they should 
be developed together and for the same time. 

The beginner, and also t he amateur who only 
prin ts occasionally, will avoid all uncertainty 
by exposing and developing a test piece when
ever using a new brand of paper or a different 
type of the make usually employed. This will 
enable t hem to ensure correct exposure (§ 553). 
In order to derive full ad vantage from this test, 
it is necessary to ensure that the temperature 
of the solution is constant, not only as between 
the tes t and the development of the print, but 
equally during the development. This requires 
that the temperature of the solution should be 
the same as that of the work-room. Further , 
the composition of the solu t ion should not be 
modified progressively , that is to say, fresh 
developer should be used for each print devel
oped separately , or for each batch developed 
together. Solu tions used for developing cost 
so little that no one should ever hesitate to 
use a fresh quantity if the fin es t results are 
desired. 

565. F or developing the test piece, the 
Watkins arithmetical coefficient or " factorial" 
method may be used wi th advantage (§ 344), 
but the" factors" would have to be determined 

• 

I , 

• 

-• 
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experimentally for this special use. The " fac
tors " to be used may be taken as roughly about 
half those used for negatives with the same 
developer. 
. F or the two developers given in § 563 the 
value of the Watkins " factors" for prints on 
bromide paper are respectively-

Mctol-hyc1 roquinone developer. . x 5 
Amid o l developer . . . . X 10 

(B . T . J. Glover, 1 92 I. ) 

Th e total time of the development of the 
test piece will be, under these conditions, 5 or 
IO times the in terval between pouring on the 
developer and the appearance of the first details ; 
and the time of development thus determined 
should be the same in all cases for the develop
ment of prints in the same developer. 1 

566. Local Control of Development: Brush 
Development, A worker who combines the 
qualities of a skilful technician and capable 
artist can produce excellent results by local 
development of bromide papers by means of a 
brush . But such methods are not in any way 
advisable for beginners. 

Two dishes should be provided, one containing 
diluted developer and the other plain water. 2 

There should also be a sheet of glass larger than 
the print, placed level on the table ; a measure 
containing developer somewhat less diluted and 
thickened by the addition of glycerine, sugar or 
gum arabic; and several brushes of suitable 
sizes, according to the work in hand. 

The print should be immersed in the dilute 
developer and transferred t o plain water as 
soon as the image is completely visible. After 
rinsing, it should be placed on the sheet of glass, 
face upwards. The parts of the image which it 
is desired to increase in density are painted over 
with the less dilute developer by means of a 
brush. The print should be frequently immersed 
in water to avoid the edges of this local develop
ment showing too evidently . From time to 
time the print is again immersed in the dilute 
developer, and possibly, development may be 

1 I t may appear unsound , in principl e, to use (for 
a print, to whi ch a certain exposure has been g iven), 
a time of developmen t based on the time of the appear
ance o f the most fully exposed part of the t est -piece 
or, most frequ ently, of a print exp osed for a differen t 
time. Experience shows, however, that the differences 
in the best times of d evelopment for the different parts 
of the test piece arc altogether neglig ible. 

2 The method of development consisting in starting 
development in a s trong bath, and then a llowing it to 
contin ue in plain water in orde r to decrease exag
gerated contrasts (§ 389) , is applicable t o most bro mide 
papers. 

completed with the print on the glass plate ; any 
parts which are required to remai n light are 
painted over with a weak solution of bisulphite 
which prevents their further development . 

This method is only possible if the solution 
contains no developer liable t o produce veiling 
from aerial oxidation (§ 339) . Consequently, all 
developers containing hydroquinone are in
admissi ble. 

The development of very large prints can be 
carried out, in the absence of very large dishes, 
in the following manner: The print should be 
thoroughly wetted and laid on a flat support 
of suitable size, e.g. a bench covered wi th 
rubber sheeting. Developer, diluted wi th an 
equal volume of water, t o render its action slower. 
should be quickly spread over its surface by 
means of a sponge or a large brush. 

(c) POSITIVE TRANSPARENCI ES (BLAC K T ON E) 

ON PLATES AND FILMS 

567, General Considerations, Transparency 
emulsions being distinctly more rapid than those 
for bromide papers, all manipul ations should be 
carried out in either orange-red or green light. 

In addition to special transparency (lantern) 
plates, ordinary negat ive films or pla tes may be 
used for transparencies occasionally . Old plates 
of doubtful quality may be utilized in this 
manner, but it is generally impossible to obtain 
on these plates images as vigorous or possessi ng 
such good quality as those given by plates 
specially prepared for transparencies. 1 

Printing by contact on plates should be done 
in a printing-fram e, and a t a sufficient distance 
from a small source of Jight t o avoid blurring 
through local want of contact. 2 If the edges of 
the sensitive plate are not protected by the 
rebate of the fram e from the access of light, a 
mask should be used (§ 512). The mask itse lf 
should be attached t o the glass si de of the 
negative. Printing can also be done ei ther by 
enlargement or reduction. 

'vVhen the negative possesses strong contrasts, 

1 There is also the method of ob tainin g transparencies 
by t ransferring to glass an image produced on a paper 
with a t ransferable film. Printing and development 
m ust be so arranged as to obtain the density and con
trast necessary for examination by transmittecl l ight. 

2 In special cases, where it may be necessary to print 
a transparency from a t urned up negative, the 
sensitive plate be ing in contact with the glass s ide of 
the negative, p erfect sharpness can be obtain ed by 
us ing. as the source of illumination . an arc between 
iron rods, at a di stance of 6 ft ., at least , from the 
printing frame. I t is necessary to protect the eyes 
agai nst the dangerous rays of this arc. 
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or when development of the transpa rency is 
prolonged in order to obtain great contrast , 
it is bes t to guard against halation (§ 231 ) by 
applying to the back of the plate an anti-halo 
paste or adhesive (§§ 236 and 238) . There is no 
need for this precaution, as a rule, when printing 
on film s. 1 

568 . There are two points to consider in 
mak ing black-tone transparencies : the average 
density and the contrast desired. 

The average density depends entirely on the 
exposure; it should be greater or less, accord ing 
to the method of exam ining t.he transparency 
and the st rength of the illuminati on. F or 
example, transparencies in tended for projection 
in the home, by means of a comparat ively weak 
Eght, must be of less density than those for 
projec tion before a la rge a udience by means of 
a lantern fitted with an elect ric arc or other high
power light. 2 

The contrast of the im age depends entirely 
on development, the image possess ing greater 
contrast in p roportion to the duration of 
development. Too long development , however, 
produces too dense an image unless th e exposure 
be somewhat under-timed . Th e contrast should 
be greater or less, accord ing to the nat ure of 
the subject. It ought to be much greater for 
a n interi or subj ect than for a landscape, a nd 
greater for a landscape than for a portrait. 

Excepting for th e rep roduction of diagrams 
or d mwings in black-and-white, the whites of 
a subj ect should never be represented by bare 
glass, un less t hey rep resent a direc t source of 
ligh t or its refl ect ion. 

The beginner will avoid spoiling a number of 
plates if he makes systematic tests to ascertain 
the correct exposure in the man ner already 
described for prints on paper. These tests should 
be made on st ri ps cut from a plate, or, in the 
absence of a diamond or other glass-cutter, on 
the smallest size of plate which can be obtained. 
Th ese should have (he same emulsion number, 

I Tn the ch a pters o n pro jec tio ll (§ 770) and s t e reo
scopi c ,,'ork (§ 837) w ill b e found th e p a rtic uiilrs whi ch 
appl y speciall y t o tllCSC transparenc ies ; th e s izes of the 
spe cia l plates , dime nsions o f t he in1a.gcs, th e ir p ositio n 
on t.h~ p lates , etc . 

2 \ -(' r), attract.i\-c effects may be obta ined by aUach~ 
ing a tran spare ncy , e ithe r blac k or brown ill t o ne, to 
an opaque support s LI c h a.s a p a pc r with a m ct ;1 \1ic 
s urface , s il k s tretched o n card , etc . , or b y coa ti ng t ile 
e lTIu l.., ion s urface of t h e tran sparell cy w ith a gold, 
bron ze , or a.luminium paillt. I n s lI c h cases the t ran s
pare Il cy mu s t b e kept ,"c ry thin and of vC'ry s li ght 
contrast; the image is no lo nge r seen a s a t.ransparenc y 
but by refl ected light. 

if possible. This testing of the t ime of ex
posure is specially necessary when printing 
either from very thin or very vigorous negatives. 
It is an absolute rule in the cinematograph 
industry . 

The examination of the fini shed transparency 
should always be made under the normal condi
tions of its ultim ate presentation. Only by very 
long experience is it possible to judge, from the 
tra nsparency held in the hand before a well
lighted white diffuser, the efiect wh ich it will 
produce when projected on the screen. 

569 . Development of Transparencies. Th e 
determination of the duration of development 
by the ·Watkins method (§ 144) is not appl icable 
t o transparencies for la ntern projec tion. It is, 
in fact, th e light tones of the image which are 
the most important; the time of th e appearance 
of the shadows cannot be relied upon exclusive ly 
as a guide. The use of this method for the 
development of prints on bromide paper (§ 565) 
is admi ssible only because the image of the light 

. tones possesses the s trength desired at the same 
t ime as the shadows atta in their maximum 
density, provided that a paper is used of which 
the gradation is suited to the contrast of the 
negative. This does not apply in the case of 
lantern tran sparencies when the same emul
sion is used with negatives of very different 
character. 

Development must be judged by inspection ;' 
it is not necessary to examine the plate by 
transmitted light until the light detail s are 
visible by reflection. 

Most methods of obta ining coloured images 
by toning also act as in tensifi ers. It is therefore 
necessary to curtail the developm ent of trans
parencies wh ich are to be toned; in order to 
obtain full details in the light tones under these 
conditions, a somewhat greater degree of ex
posure should be given. 

All developers suitable for negat ives or 
bromide papers can be used for lantern trans
parencies after adjust ing the proportion of 
bromide. This proportion va ries, however, and 
in certain cases can be utilized as an aid in 
securing the contrast desired. 

The eq uipment and methods of working are 
the same as those a lready described for negatives 
on plates or film s2 

I Th e quality o f a lJn tel"n slid e is best judged b y 
projection. For a prov is ional exam inati on it may be 
held at about 4 in. from an opal flash ed glass un iforml y 
lit by a lamp of a bout 60 \\-atts . 

2ro r the devc lop ment of c inematograph film s , 
esp ecially when thc operation is ca rried o ut on a dru m 

I 

J 

! 

1 

, 
I 
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570. Making of Duplicates. In making a 
positive transparency for obtaining a dupli
cate negative, by printing from the positive 
(§ 444), all the operations in making the trans
parency and the second negative must be reg
ulated according to the result desired. The 
new negative may be required to be as true a 
reproduction of t he original as possible, or a 
reproduction possessing greater or less contrast . 
As a general rule, only an inferior result can be 
obtained from a positive which is of clear and 
bright appearance. It is necessary to realize 
that the extreme parts of a scale of tones a re 
invariably more or less sacrificed. Consequently, 
it is desirable to avoid, as far as possible, utilizing 
the tones corresponding with the regions of 
under-exposure and over-exposure in the charac
teristic curve (§ 202). Thus, the in te rmediate 
transparency and the final negative should be so 
fully exposed that the most transparent parts of 
the image are represented by a distinct grey tone 
of a density about 0'5. 

In order to avoid local irregularities conse
quent on stopping development before the 
gamma is near its maximum, it is desirable to 
selec t emulsions of which the maximum gamma 
is comparat ively low. Emulsions of low gamma 
are generally appreciably granular. For cine
matograph transparencies, fi lms are used of 
which the emulsion of the t ransparency type is 
stained wi th a yellow dye which limits the pene
tration of the ligh t into the emulsion, a nd , 
consequently, the maxi mum cont rast (.T . G. 
Capstaff. 1927) . With such fi lms the cont rast 
may be still more reduced when printing the 
intermediate positive or the new negative by 
using a light filter by a more or Jess in tense 
violet fi Iter. 

F or obtaining a transparency with reduced 
contrast, development should be carried out in 
a diluted solution wi th a sma ll proportion of 
bromide. Development can then be stopped as 
soon as the details in the lights are sufficient ly 
marked on the grey tone which represents pure 
white. To secure a transparency with increased 
contrast, development may, on the contrary , 
be prolonged until it is no longer possible to 
see the image by transmitted light in the dark
room, even in those parts representing the 
or a co ntinuo us machine, it is usual to add a desen
sitizer to th e developer (§ 333) in order to avoid oxida
tion fog. Thi s precau tion is not necessary with tran s
parency plates or films when developed in a di sh or a 
tank. If , however, it is used, a dese ns iti zer must be 
c hosen which will not s tain permanentl y e ither the 
gelatine or the s upporting film. 

24-(T·s630) 

high-lights. It is, however, very seldom that 
the maximum contrast possible with a trans
parency plate needs to be utilized. In such a 
case, the transparency can still be intensified, 
after having taken a trial print negative on 
a rapid bromide paper. 

From the intermediate positive, the final 
negative can be obtained in a similar manner 
and by taking the same precautions. 

Experience has demonstrated that by making 
systematic preliminary trials, or automatically 
by previous sensitometric tests (H. Schneeberger 
and L. Lobel, 1925), duplicate negatives can be 
obtained which conform to all required condi
tions, and especially in giving copies which are 
identical in every respect with those printed 
from the origi nal negat i ve. 

By superimposing the intermediate trans
parency on the origina l negative, each tone will 
be complementary, and if the true contrast has 
been secured, the combination will show an 
almost even density. If the negative pre
dominates, the gamma of the positive is less 
than unity, and, in order to obtain a new nega
tive exactly corresponding with the original, 
development must be taken further than the 
development of the transparency. The inverse 
procedure should be adopted if, in superimposing 
the posit ive a nd the original negative, the 
positive predominates. 

(d) GASLIGHT PAPERS FOR BLACK TONES 

57!. Suitable Light for Working. One of the 
factors which have tended most to popularize 
the use of these papers among amateur photo
graphers is the fact that they may be worked 
in safety without a dark-room 1 Any domestic 
room may be used simply by waiting until the 
evening and not working too near a light. An 
amateur can, therefore, make his photographic 
prints during the evening, .in a sitting-room, in 
comfortable warmth , very different from the 
condifons in an improvised d:uk- room. F or 
example, a screen may be placec! near the table 
on which the printing frames are loaded and 
the exposed prints are developed, in such a 
manner as to shield the table from the direct 
light from the lamp, all the manipulations being 
carried out by the light diffused from the ceiling 

1 ] "here have been placed o n the market rap id s il ver 
chloride papers the emul sion o f which con ta in s colour 
sensitizers that increase their speed about tenfold 
towa rds t he li ght o f an incandescent lamp (0 . illach, 
1931). Such papers can be handled only in oran ge 
light. 
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and walls. It is, however, far preferable to use 
yellow . light, which allows a much stronger 
illumination without any risk of fogging. For 
this, a light wooden frame may be used, covered 
with a t ranslucent yellow paper, and made in 
such a form that it will stand upright on the 
table. H alf the table can then be used for 
exposing the prints, preferably by means of a 
portable lamp, the other part being devoted to 
the working. The sensitive paper should be kept 
in a drawer in the table un til required, so as to 
be protec ted from the general diffused ligh t. 

In a well-arranged workroom, and especially 
in professional and commercial establishments, 
gas ligh t papers are manipulated in ample bright 
yellow lightl 

572. Developers for Gaslight Papers. In con
sequence of the relatively h igh degree of solu
bility of silver chloride in solutions of sodium 
sulphite, and also the rapidity wi th which 
silver chloride dissolves when in a state of 
division as great as that in emulsions of the 
" gaslight" type, the use of a developer rich 
in sulphite leads inevitably to yellow staining 
or veiling, of the same nature as dichroic fog 
(§ 433). It follows that though a developer 
specially prepared for chloride papers may be 
used without any loss of quality for the develop
ment of bromide papers, the various developers 
for negative work can only be used for these 
papers by considerably reducing the proportion 
of sulphite. This does not apply t o amidol 
developers, in which the quantity of sulphi te is 
generally sufficiently reduced. As a consequence 
developers specially prepared for gaslight papers 
are inferior in keeping qualities to those with a 
normal proportion of sulphite. On the other 
hand, the concentration of the solu tion should 
be so regulated that development is very rapid. 
Even in a developer con taining a small propor
tion of sulphite, sufficient silver chloride would be 
dissolved in time to give rise to a yellow stain. 

1 S il ver chloride papers arc u sually very susceptible 
to th e H erschel effect (§ 197), and it may be u tilized 
when printing on onc o f these papers negatives which 
have a ran ge o f den sities greater than th e gradation 
of the paper. After an exposure amply sufficient to 
print the paper und er the densest areas of the nega
tive, the printing frame, in which the paper is sti ll in 
contact with the negative, is exposed to natural light 
under a red filter (the optimum time mu st be ascer
tained by trial) . The red light decreases the excessive 
blackening in the im age of the shadows without acting 
to an appreciable extent on the image o f the high 
lights (Strauss, 1928) . Simi lar resu lts have been 
obtain ed by a s in gle printing in yell ow light, the maxi
mum gamma passing thus, for instance, from x'4 t o I 
(F. Formsteeher, 1929). 

Among others, the amidol developer recom
mended for bromide papers (§ 563) may be used, 
or the following formula (Kodak)-

M etol-hydro9uinone Developer-
Metal , . . . . 18 gr. (2 grm.) 
Soda sulphite, anhydrous . . ! oz. (25 grm. ) 
H ydroquinone . . . . 53 gr . (6 grm.) 
Soda carbonate, anhydrous . . 264 gr . (30 grm,) 
P otassium bromide, 10 0/0 solution 45 min. (5 c.c.) 
Water, to make . . . 20 oz. (r,ooo e.e.) 

It is sometimes recommended to develop soft 
or normal gaslight papers in a solut ion of only 
half the strength of that used for the vigorous 
grades. The time of development must in that 
case be doubled. This method possesses neither 
advantage nor disadvantage. But dilution of 
the solution must be avoided when developing 
vigorous papers. 1 

A comparati vely recent vogue has given rise 
to numerous researches on means for giving to 
prints on silver chloride paper a bluish black 
tone, similar to that obtained indirectly by cur
ta iled gold toning. This bluish tone can be 
obtained directly by development with am idol 
(§ 387) or metol-hydroquinone with a very slight 
bromide content (which leads to t he formation 
of yellow or grey fog) . It seems then to be d ue 
to the silver being less dispersed than in bl ack 
tone images, and especially in warm tone 
images. Many substances, first used to protect 
the emulsions against fog, have been fou nd to 
give this bluish tone, which is generally less 
modified by drying at a high temperature t han 
are warm tones or neutral black. Several of t hese 
substances can be introduced either into the 
emulsion, baryta undercoating, an ti-abrasion 
overcoating, or developer. 

The flrst adj uvant used for developing bluisll 
tones in any developer seems to have been 
quinine hydrochloride (K. Kieser, 1928) . Very 
numerous substances, of which many are not 
easily obtainable commercially , have been sug
ges ted for this purpose (A. Steigmann, 1931; 
A. Seyewetz, 1932, 1935; G. Schwarz, 1936). 
One of the best seems to be quinoline2 in con
centrat ions of 1/2,000 to 1/5,000. Besides organic 

1 Stale gaslight papers frequ ently show a marginal 
veiling, more or less extensive. This can frequently be 
avoided by increasing the quantity of bromide in the 
developer to such an ex tent as to require double or 
even four times the nonnal exposure . The prints are 
then of a lTIOre or less pleasing warm black i n colour. 

2 Quinoline is an oily, colourless or yellowish liq uid 
with a disagreeable smell, present in coal-tar and in tbe 
oil obtained by pyrogenation of bones. It is a very 

·\ 

1 

1 

• 

, 
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substances, a mineral substance, sodium fluor
ide, at a concentration of oA per cent has also 
been suggested for developing bluish tones 
(I. -G. Farbenindustrie, 1934)· 

The slightes t traces of hyposulphite in t he 
developer usually prevent bluish tones, even if 
t he adjuvant tending to give these tones is 
increased in quantity. 

573. Method of Development. Development 
of gaslight papers is far too rapid to allow of the 
use of the Watkins method, recommended for 
bromide prints. 

The beginner, or the occasiona l printer, to 
whom some rule is necessary for testing the 
time of exposure, should develop for a constant 
time. With the metol-hydroquinone developer 
given above, the norma l time of development 
for most papers of this type wi 11 be from 20 to 
40 seconds at a t emperature of 65° F., or from 
30 to 60 seconds at 55° F. (B . T. J. Glover, 1924). 
30 seconds may be selected as a constan t time 
of development at average temperatures, this 
time being increased to 60 seconds if the tem
perature fall s below 55° F. Under these condi
tions it is very easy to determine sys tematically 

. the correct exposure (§ 553). 

• 

The inst ructions issued by the manufacturers 
almost always specify the normal t ime of 
development in the solutions which they recom
mend, and their instructions should be followed. 

At too Iow a temperature it is difficult to 
obtain vigorous images ; a developer which is 
too warm tends to produce fog, either a grey 
veiling or yellow stain. A solu tion containing 
insufficient carbonate, or a developer too dilute 
or exhausted by previous use, will produce white 
patches with irregular outlines, suggesting that 
the paper has not been uniformly coated with 
emulsion. This is especially the case if the paper 
has been kept under such conditions that the 
emulsion has absorbed an appreciable quantity 
of moisture. 

A developer which is too warm will often 
give images of a bluish-black, suggesting an 
insufficient proportion of bromide in the solu
tion; the whites are also stained or veiled. 

An acid stop bath is necessary to stop the 
action of the developer at the desired moment. 
In the absence of an acid bath between develop
ment and fixing, a n acid fixing solution must 
be used, and the print kept on the move in it, 

weak base, a little denser than water and slightly 
soluble in water (0 ·6 per cen t at normal temperature). 
but much more soluble in alcohol. To facilitate dosage 
it is preferably used in alcohol solution . 

so as to avoid development continuing 
ticular parts. 

• 

m par-

(e) TRANSPARENCIES IN VARIOU S TONES 

574. Warm Tones by Development. Images 
in wa rm tones obtained by direc t development 
are formed of colloidal silver of ul tra-microscopic 
size a nd bright colour, yellow, red, or purple, 
mixed with a greater or lesser proportion of 
black reduced silver of microscopic size. 1 These 
images of very fine grain are obtained by devel
opment in a solution containing at least a small 
quantity of a solvent of the salts of silver·
sodium sulphite, ammonium bromide, or am
monium carbonate either added to the developer 
or formed in the bath by reaction between the 
ammonium bromide and another carbonate. 
This solvent action is facilitated in proportion 
to the fineness of the grain of the emulsion itself 
(non-ripened emulsions or only slightly ripened, 
prepa red with silver chloride or silver bromide, 
or a mixture of these two halides) , the size of 
the gra in exercising a much greater influence 
than the nature of the halide. 2 It will bc seen 
later (§ 578) that positive emulsions intcnded 
for black tones can be used for the production 
of images of warm tones by development in 
solu tions to which have been added more power
ful solvents, or in more concentrated solutions. 
But the colours so obtained are not usually so 
pure. 

In a developer suitable for obtaining warm 
tones, the image changes in colour during the 
various phases of development on account of 
the progressive increase in the size of the par
ticles of reduced sil ver. These colours, examined 
in white light after fixing, washing, and drying, 
are successively-

Yellow ; Red; Brown; Sepia; Black. 

This succession of colours is absolutely inde
pendent of the time of exposure and of the light; 
the same colours are found , time afte r time, in 
anyone developer at the same temperature 
with identical times of development (A. Goderus, 
1896) . In developing solutions which differ 
slightly in composition such differences as are 
due to variations in strength of commercial 

1 vVe should m ention the possibil ity of obta ining 
images in vario ll s tones by means of developers giving 
colo ured oxidation product s or capable o f g ivin g 
colo ured additive compo und s (§ 350). 

2 Pure gelati no-chloride em uls ions arc rarely used , 
as they rcadily produ ce dich ro ic fog und er th e condi
tions of de velopme nt necessary for obtaining warm 
tones . 
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materials, or in solutions prepared by varied 
dilution of stock solutions the same colours 
occur when the contrast of the image reaches 
the same value, or the development factor is the 
same (note to § 202) (S. H . Wratten, I9IO). It 
is only for convenience in working i.e. for 
passing more or less rapidly from one colour to 
a nother that it is recommended to use devel
opers differently constituted, or dilu ted in 
different proportions, for obtaining the various 
colours mentioned above. 

H owever, at least with certain emulsions, a 
very dilute developer does not give tones be
yond red or brown, however long development 
may be prolonged, in spite of the increase in 
gam ma which results from th is prolongation of 
development (L. Lobel and M. Dubois, I929) . 

The fact that the colour depends essentially 
on the contrast factor of the developed image 
enables one to judge in advance that negatives 
of difie rent degrees of contrast are not equally 
well suited for obtaining images in various 
colours. A negative which will give a good 
transparency in sepia , the colour most frequently 
desired, with good tone value and contrast, will 
yield only a weak red image. And, inversely, a 
negative producing a good red posit ive with 
correct contrast will give, necessarily, a sepia 
image with far too s trong contrasts. On t he 
other hand, the gradation not being the same 
in all brands of plates, a certain negative will 
be better suited to one than to another for 
obtaining a particular colour, whilst another 
negative of different character might very well 
produce a more satisfactory result on the brand 
of plate which had been rej ected in the preced ing 
example 1 These differences become speedi ly 
evident afte r a certain amount of experience has 
been obtained. 

575. Exposure. The statement that the colour 
of the image is independent of the exposure; 
under given conditions of illumination, does not 

1 Although scarcely probable , the photographer may 
not have any preference for a parti cular colour. I n 
such cases, plates prepared for warm to nes can be used 
with negatives of very d ifferent characters by g iving 
a suitable exposure in each case, or, when printing 
from a particu lar negative, allowing a very great 
latitude in the exposure. It may be said that it is 
very easy to obtain a result on these plates, but it is 
still a somewhat delicate operation to secure a perfect 
image of the colour chosen. 

, A proof of thi s statement is the uniform ity of the 
tone at the variou s points of the same image in spite 
of the considerable variation in exposure received 
when passing from the image of the hig h lights to t ha t 
of the shadows . 

imply that the exposure should be the same 
whatever ma v be the colour desired. -Under the conditions of development deter-
mined upon, the density of a certain part of 
the image is greater in proportion as the ex
posure time has been greater, or, more exact ly, 
the light-act ion, t hat is, the time of exposure 
multiplied by the intensity of the light. For a 
given degree of development, the image may not 
appear in those parts of the subj ect which form 
the densest parts of the negative unless the 
exposure has been greater than a certain mini
mum a minimum which varies with the time 
of the development on account of the regression 
of the inertia (§ 337) in a developer rich in 
bromide, as is usual in developers for warm tones. 

The exposure must consequently be prolonged 
in proportion to the extent to which develop
ment is shortened for tones more or less red, so 
that details in the lights may appear with suffi
cient strength before development is stopped . 

According to the plate used, the time of ex
posure necessary for obtaining red t ones will be 
from I O to 20 times tha t which is necessary 
for black tones, the same illumination being used . 
No general rule can be given, and, for a first trial, 
it is best to follow the instructions given by the 
makers of the plates. These preliminary tests 
can be made on pieces cut from one of the plates, 
the determination of the time of exposure being 
carried out under t he conditions already des
scribed (§ 553). The same test will furnish 
experimental proof of t he fact that the colour 
of the image is independent of the time of 
exposure. The parts of the test piece, though 
exposed for different times, will all be identical 
in colour after development, and will differ from 
each other only in the density of the image 
and the rendering of the details in t he lights. 

576. Development. It is almost impossible to 
judge the colour and the density of the image 
properly in coloured light during development. 
A yellow light weakens considerably the con
t rasts of a sepia or red-chalk image, while a 
green light exaggerates them. In addition . both 
the colour and t he density of an image change 
considerably on drying, as may be easily ascer
tained by examining a plate which is partially 
dry. An image which is pale yellow when wet 
can become an intense red-chalk a fter drying1 

Thus, for uniform results as regards colour, 
plates should always be developed in solutions 

1 These revers ible var iations are due to the increase 
in refractive power of the gelatine as it gradually dries 
(§ 520. footnote). 



PAPERS, PLATES, AND FILMS FOR POSITIVE PRINTS 373 

identical in composition, and used at the same 
temperature and for the same time, or else the 
times of development should be worked out by 
the Watkins system. Although, as has been 
previously shown (§ 569), this method is in
applicable in the case of transparencies of black 
tone, for which development is done by judging 
the light tones, its use is perfectly sound in the 
case of plates of warm tones when a certain 
colour is desired . It has been shown that the 
colour of the image depends essentially on the 
value of the contrast factor, and it must be 
understood that the character of the negative 
is suitable for the colour desired. 

A few preliminary tests will soon indicate the 
" factor" by which to multiply the time of 
appearance of the first details for obtaining the 
total time of development corresponding with 
a particular colour. This may be either in the 
same developer diluted in different proportions 
for obtaining tones varying in warmth t o 
different degrees, as the result of longer ex
posures, in which case the" factor" decreases 
progressively in relation to the colour from black 
to red, or else in developers of different com
position for obtaining various colours. 

When transparencies are in tended for projec
tion in the lantern, it is well to suspend all 
judgment until they are seen on the screen. 
The appearance of the projected image is 
frequently very different from that which it 
presents when simply held up to the light. 1 

577. A widespread belief exis ts that hydro
quinone is the only developer which can be 
satisfactori ly employed for warm tones. As a 
matter of fact, a large number of developers 
can be used, provided that a " factor" suitable 
for that particular developer is employed. 

Formulae for developers are here given which 
a re suitable for a large variety of commercial 
plates-

H ydroq·uinone:-

Soda s ulphite , anhydrous 
H yd roquinone. . 
Soda carbonate anhydrous 
Ammonium bro mide . 
PotassiUITI bromide 
Water, to make. 

• 

• 

300 gr . (35 grm. ) 
90 gr. (10 grm.) 

260 gr. (30 grm .) 
I S gr. (2 grm. ) 

26 gr. (3 gnn .) 
20 oz. (1.000 c.c.) 

To be used without dilution for black, and 
diluted about 10 times for red tones. 

1 A transparency which is co nsidered defective in 
colour may be improved by gold ton in g (§§ 536 and 537). 
The tones tend to b ecome purple, but the image loses 
nothing of its transparent quality. 

Glycin (Vannier, 1920)-
Soda sulph ite, anhyd rous I oz. (so grm .) 
Potassium carbonate. 350 gr. (40 grill .) 
Glyc in . . . '7S gr. (20 grm .) 
Potassium bromide. ' 30 gr. (15 grm.) 
\Vatcr, to make. . 20 o z. ( 1,000 e.c.) 

F or use, to be diluted from 5 to 20 times, 
according to the colour desired. 

A cid Amidol (G. Balagny, 1906)-
Soda sulphite, anhydrous . 45 gr. (s gnn.) 
Amidol . . . . 22 gr. (2'5 grm .) 
Sodium bisulphite, lye . 6 ~ dr. (40 c.c.) 
Ammo nium bromide . . 45 gr. (S grm .) 
Watcr, to makc . . . 20 oz . (1,000 c.c.) 

Only sufficient for immediate use should be 
prepared . The action is very slow, and it is not 
necessary to dilute the solution for obtaining 
red tones. 

578. Warm Tones on Black-tone Plates. 
Development for warm tones on plates in tended 
normally for black tones was formerly a question 
of some interest , when making transparencies 
by enlargement or reduction, in order to avoid 
the unduly long exposures necessitated by the 
use of the slow plates specially made for warm 
tones . The numerous processes of after-toning 
have, however, greatly altered the situation. 

With regard to obtaining warm tones, the 
following is a summary of the methods of work
ing (L. P. Clerc, 1897) . The rules for deter
mining the correct exposure and for controlling 
developmen t are the same as those gi ven in the 
preceding paragraphs. 

Among others, the following developer may 
be employed-

Soda su lphite, anhyd rou s 
H yd roquinone . . 
Caustic soda . . 
vVater, t o make . • 

· 3So gr. (40 grm.) 
· 90 gr. (10 grm .) 

I OZ . (so grm .) • 

· 20 oz . (1,000 c .c .) 

to which should be added, for each oun ce (or 
1 00 c.c.) the quantity of a 1 0 per cent solution 
of art1monium bromide specified in the following 
table-

--
Qua ntityperoz. Rela tive 

Colour (or 100 c.c.) of 10% ReJa live times of 
solution ammonium Exposures develo pmen t 

bromide at 60° F. 

\ ·Varm browll -25 mi ll. 20 I 
(S c.c.) 

Purple brown 
. 

50 111111 . 35 3 
( roc .c.) 

Purple 
• 

60 6 75 tn1l1. 

Red (carmine) 
(15 c.c:) 

8 1 00 111111. 100 
(2 0 c.c.) 

• _. 



374 PHOTOGRAPHY: THEORY AND PRACTICE 

The images thus developed are white or 
yellow when viewed by refl ected light. They 
frequently show a slight veiling which can be 
easily removed by treating with a surface 
reducer (§§ 459 and 460) .1 

The addition of a suitable proportion of 
thiocarbam ide (i.e. thio-urea) to a developer 
for warm tones, a llows blue and violet tones to 
be obtained (S. H. Wratten, 1910) . The action 
of these developers is, however, exceedingly slow 
a t temperatures lower than 65° F. The quantity 
of thiocarbamide added must be very exact; 
and it is not possible in this case to cont rol 
development by the vVatkins method. The on ly 
practicable method is to develop for a cons tan t 
time, which necessitates solutions exactly pro
porti oned and used always at the same tem
perature. The exposure must be found by 
prel iminary tests, as previously described. 

The working developer is prepared from three 
stock solutions,-
(A) Meta l . • • • 

Soda sulphite, anhyd rous 
H ydroquinone . . 
Soda carbonate, anhydrou s 
\Vater, t o make . . 

(B) Amm on ium carbonate . 
Ammon ium bro mide 
\ Vater (cold) , to make 

(C) Thiocarbamide • 

Ammon ium brom id e 
\ Vater , t o make . 

• 

• 

• 

• 

• 

22 gr. (2 '5 grm. ) 
J 30 gr. (15 grm. ) 
90 g r. (10 grm.) 

130 gr. (15 grm. ) 
20 oz. ( 1 ,000 c .c .) 

'2 oz. (100 grIll. ) 
2 oz . ( 100 grm. ) 

20 OZ . ( 1,000 c.c.) 
26 g r. (3 grm .) 

9 gr. (1 grm. ) 
20 oz. ( 1,000 c.c.) 

These solutions a re used as shown in the follow
ing table-

Developer R elative 
Colour expos ures, 

Solutio n A I B C approx . 
I 

d L dr. d r. 
P ure black • 7 J " I - -Blue-black • 6 I t t 2 

l3I ue • • -! )-
0 t 4 -

V iolet - 21 ! 8 • • ) -

The colours obtained by suitable combina tion 
of exposure and development are very trans
parent and excellent in qua lity. 

1 It may be n oted t hat it is practicable t o re-develop 
in a developer for warm tones , a tran sparency previousl y 
developed t o a bl ack and fixed. To obtain this r es ult, 
the s ilver must be converted into chloride, e.g. in a 
solu tion o f bichromate acid ifi ed w ith hydrochloric acid. 
After t his bleaching, the plate is r insed , exposed to 
light, d eveloped, fixed, and washed. 

(j) C HL ORO-BROMIDE PAPERS FOR WARM 

TONES 

579. General Considerations. The emulsion 
of chloro-bromide papers is sufficiently slow for 
working by ye llow light, but the light should 
not be so bright as when gaslight papers a re 
being used. 

As a general rule, the only tones for which 
these papers are used are those comprised 
between a pure black and warm brown. Some 
methods of working, however, will enable a 
scale of colours to be obtained by direct develop
ment on some of these papers, affording as long 
a range as that given by transparency plates 
for warm tones . These methods of working are 
not given, the same tones being obtainable on 
all development papers by subsequent toning. 

These papers are extensively used in profes
sional photography. They yie ld results of a 
quality comparable to those given by gaslight 
papers, but do not call for such power of lights 
in the printing machines and enlarging appara
tus. In addition, they avoid the necessity for 
t he after-process of toning for obtaining the 
warm black colour so greatly in favour. Their 
long scale of gradation renders these papers 
very suitable for printing from negatives of 
landscapes with clouds, which a re frequently 
very difficul t t o reproduce on bromide papers. 

The principles on which the warm tones are 
produced are the same as those previously 
described in regard to transparency emulsions 
for warm tones. In this case, also, the prod uc
tion of an image of a cer tain desired colour wi th 
correct tone values requires that the extreme 
range of densities of the negative should be 
comprised within certain limi ts. But, if a par
ticular colour is not essential, these papers can 
adapt themselves to negatives differing conside r
ably in cha rac ter, or, when using the same 
negat ive, adjust themselves to wide varia tions 
• 

Il1 exposure. 
580. Methods of Working. The beginner or 

the photographer who uses one of these papers 
for the first time, or even the experi enced 
worker, should endeavour to print from a 
negat ive specially suited to papers of this ki nd, 
and then find the correct time of exposure by 
the test method already described (§ 553). 

With regard to these test p ieces at leas t, or , 
in the absence of tests, the first print taken from 
a negative, the development should be controlled 
by the Watkins method, in accordance wi th the 
following general instructions, or else by tenta
tive determination of the value of the Watkins 
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" factor" (§ 344) corresponding with that tone 
desired with a certain paper developed in a 
given solution. 

Although some papers for warm tones may 
only give the desired results when they are used 
with the developer specified by the manu fac
turers, most will work perfectly with the follow
ing developer (B. T. J. Glover, 1924)-

M etol-hydroqHinone Developer f or Warm T ones. 

Metol • • • • 

Sod ium sulphite , anhydrous 
I-lydroquinone. . . 
Soda carbonate, anhydrous . 
PotassiUlu brom id e . . 
\ ,Va ter, to make . • • 

18 gr. 
t oz. 

70 gr. 
160 gr. 
18 gr . 
20 oz . 

(2 gr m.) 
(25 grm. ) 

(8 gnn.) 
(18 grm .) 
(2 grm.) 

( 1 ,000 c.c.) 

For use, this solution should be 
an equal volume of water. 

mixed with 

A warm black tone is obtained by developing 
for a total time, according to the particular 
paper in use, ranging from 4 to 6 times the t ime 
of the appearance of the first details of the 
image . A brown t one is obtained by adopting 
as a " factor" a value ranging from 2/; t o 4, to 
be ascertained by trial. 

The following table has been taken from 
P"int Perfection, page 49 (B. T. J. Glover) . 
The times of development are for a developer 
used at a temperature of 680 F. The strength 
of the light was considerably greater for the 
second paper than for the first-

Wellington BB I<odura Etching Drown 
, , , , ~ • 

W arm Drown Warm Brown Dlack Black 

Exposure, relative • I 4 I 4 
Time of appearance of 

una ge • • • 40 sec. 28 sec. 45 sec. 30 sec. 
Total time of develop-

ment • • • 160 " 70 " 
180 " 75 " \V atkins i::tctor • - 4 , I 4 " 

On account of the extreme fineness of the 
grain of these images, it is often well to avoid 
the use of acid fixing baths, as they tend to 
weaken the half-tones. At any rate, prints 
should not be allowed t o remain in an acid 
fixing bath for a longer time than is necessary 
for ensuring complete fixation. 

(g) FIXING, I NTE NSIFYI NG , AND R EDUCI NG 

D EVELOP ME NT PIl.I NT S AND TRANSPAREN CIES 

58 1. Fixing Developed Images. The act ion 
and chemistry of fixin g are the same as in the 
case of negatives (§§ 400 and 401). Most fre-

quently acid fixing baths will be used, and in 
warm weather the fixing solutions containing 
alum already given (§ 409). 

Some varieties of paper tend to tint slightly 
in a fixing bath containing chrome alum, 
especially if it is acidified with sodium bisulphite 
only. Before first using a new brand of paper, 
the following simple test may be made. Take 
two strips of the unexposed paper, fix one of 
them in a plain solution of hypo, and the other 
in a fixing solution containing chrome alum . 
After washing and drying, these two strips 
should be compared in a s trong light. If the 
whites of the paper fixed in the solution con
taining chrome alum are tinted, however slightly, 
chrome alum should on no account be used; 
the harden ing of the gelatine can be ensured, if 
it is necessary , by common alum. 

The use of alum must be entirely avoided 
with prints intended for Bromoil or any pigment 
process (§ 698) . 

It has been sometimes noticed that fixing in 
an acid bath may be the cause of defective 
sulphide toning with certain papers (§ 587 et seq.), 
the whites showing a tendency to become 
stained; and more so according to the pro
portion of bisulphite in the fixing solution 
(Moss, 1920) . The prints made on such papers 
which are to be sulphide-toned may with advan
tage be fixed in a solution of hypo rendered 
alkaline with a little sodium carbonate. 

It should be added that when an acid fixing 
solution is used at a relatively high t emperat ure, 
there is a ri sk of yellow or brown stains occur
ring by local sulphuration of the image or of 
bromide of silver not yet dissolved. 

582. The fixing of prints is carried out prefer
ably in deep dishes containing fixing solution of 
a depth of at least 2 in. A paddle of hard wood 
should be provided , of broad shape, and with 
the sharp edges rounded first with a rasp and 
then with glass-paper. The prints can then be 
completely immersed without having to put the 
fingers in the solution . 

Certain papers float on a solution which 
contains 25 per cent of hypo, an average strength 
for fixing baths for negatives. In such cases it 
is necessary to dilute the bath sufficiently t o 
reduce its density until the prints tend to sink 
to the bottom of the dish. It is well known that 
silver images are reduced during fixing by the 
free access of atmospheric oxygen to their sur
faces (§ 399) . Moreover, parts of the prints 
protruding from the solu tion may cont inue to 
develop, if they have not been through an acid 
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bath between development and fixing; or yellow 
staining of the same charader as dichroic fog 
may result (§ 433). Similar defects may arise 
wi th prints fixed face downwards if air-bubhles 
have been imprisoned under them. 

The dura tion of fixa tion in a new bath of 
20 per cent strength, used at 65° F. , is a bout 
I to 2 minu tes. The immersion should not be 
prolonged beyond 5 min utes. The fixing bath 
is being constantly dilu ted by the liquid im
pregnating the prin ts placed in it , and its strength 
is red uced to about one-half a fter 350 quarter
plate prints have passed through a pint (20 oz.) 
of bath . Never try to fix more th an 200 quarter
plate sheets in a pin t if only one fixing bath is 
being used. Excessive acidity (which may be 
due to leaving the prin ts too long in a very acid 
s top bath) retards fixation and favours the 
formation of the insoluble complex salt. 

Whenever possible, fixing should be done in 
two successive baths (§ 406). 

Prints should a lways be introduced into the 
bath singly , and moved every now a nd then, 
the lowest print being brought to the top, a nd 
so with all in succession. The prints should a lso 
be ta ken from the bath one by one to be trans
ferred either to the second fixing solu tion or to 
the first washing water. 

With bromide papers only, a n increase of 
contrast is sometimes not iced when the prints are 
placed in the fixin g bath, either neutra l or acid. 

583. There is, unfortuna tely , no change in the 
appearance of prints to show when they are 
completely fixed. It is desirable, therefore, to 
ascertain by experiment the time necessary for 
fixing the various papers in use . 

The following method may be adopted. A 
st rip of the paper to be fixed should be taken 
a nd immersed, for about half its length, in a 
solution of potassium iodide, of about I per cent 
strength. The chloride or bromide of silver will 
be thus converted into light yellow iodide of 
si lver, strongly visible in contrast with the 
whiteness of the si lver salts not so converted, 
and also much less soluble than either the 
bromide or the chloride of silver. The time 
necessary for the disappearance in the fixing 
bath of the line of demarcation, between the 
iodized portion and the part left unchanged, is 
certa inly longer than the time necessary for 
fixation. It must be borne in mind, however, 
that the fixation of an isolated strip is much 
more ra pid than the fixing of a number of prints 
one on top of the other; they protect each other 
against the action of the solution . If fixing is 

done for twice the time ascertained by this test , 
it may be taken as complete . 

It is well to ascertain from time t o time, 
ei ther by repeating the t est just desc ri bed or 
by one of the methods previously ind icated 
(§ 498) , that the useful life of the bath has not 
been overstepped . Th is is a matter of more vita l 
importance tha n in the fixation of negatives or 
Jan tern-plates. 

The recovery of the silver from used fixing 
baths can be done by the methods already given 
for fixing solutions for negatives (§§ 412 to 414). 

584. Intensification. The intensification of a 
transparency, or a print on paper, a llows of 
increasing the st rength of a print when develop
ment has yielded insufficient contrast , or of 
remedying an unpleasant tone. 

Most of the toning processes described in the 
succeeding paragraphs strengthen the image, 
and can be used for intensifying when a black 
tone is not essentia l. 

Among the various methods of in tensi fication 
described for negatives, the only one which is 
sui table for strengthening prints on paper or 
tra nsparencies is the chromium in tensifier. 1 

(§ 454) . The use of mercury intensifiers should 
be especially avoided; they spoil the trans
parency of the shadows, increase the graininess 
to a disagreeable degree, and only yield per
manent results when the whole of the mercury 
salts formed in the image have been red uced 
to the sta te of metal! ic mercury . 

585. Reduction. The various reducers given 
for negatives (§§ 457 to 464) can be used equally 
for transparencies, under the same condit ions 
and by observing the same precautions. 2 

A very complete study of the reduction of 
prints made on t he different types of develop
ment papers has been carried out by L. A. J ones 
and C. E . Fawkes (1921). It con tains a number 

1 Immersing the bleached print for a few second s in 
a solutio n of sodium carbo nate, of about 5 per cent 
strength, greatly fac ilitates the elimination of t he 
bichromate. \Vi t h th is exception, the p rocess is exactly 
the same as previOUSly described for intensifying 
negat ives. 

2 It is a lso practicable to r ed uce exaggerated con
trasts in a transparency by bleaChing it in a mixture of 
potassium fcrricyanide a nd sodium chlorid e (co mmon 
salt) or po tassium bromide. After washin g , it should be 
exposed to light. The result is a brown image if chloride 
is used, or grey, if bromide is employed. If th ought 
well , after darkening, the ex cess o f chlor ide or bromide 
may be removed by fixi ng . The image may al so be 
treated in a mix ture o f ferricyanide and potassium 
iodide; the image, consisti ng of s ilver iodide, is insen
sitive to li ght , and is light yellow when seen by refl ected 
light and brown by transm itted light. 

• 
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of photometric measurements of prints before 
and after reduction, and shows that all reducers 
do not act in the same manner on the com
paratively coarse-grain images of bromide prints 
and on the fine-grain images of gaslight and 
chloro-bromide prints. 

An acidified solution of permanganate, which 
acts as a surface reducer on negatives (§ 460) , 
reduces proportionate ly all the densities on 
almost a ll papers, and therefore best compen
sates for over-development. It should be used 
of much lower st rength than for negatives, e.g. 
the following, made up at the time of use-

Po tass ium perma nganatc, 1 % solu t ion I ! dr. 

Sulph uric acid , 1 % solutio n . 5t dr. 

( 10 c .c. ) 

(35 c .c.) 
\Vater, to make • • • 20 oz. ( 1 ,000 c .c .) 

If the whites of the print become slightly 
stained to a brown tint, which is not very likely 
on accoun t of the great dilu t ion of the reducer, 
the print, after a rapid rinsing, should be 
immersed for a few moments in a very weak 
solution of sodium bisulphite. 

F or reducing the light tones without pro
ducing any appreciable effect on the heavy 
deposi ts of the image, Farmer's reducer may be 
used very dilute (§ 459), or, a lternat ively, a 
mixture of iodine and cyanide. The latter is 
preferable, as it leaves no trace a fter reduction, 
while ferricyanide frequently leaves a yellow 
coloration which, however, will usually dis
appear in a few minutes in a new acid fixing bath. 

F ormulae for these two reducers are here 
given . They are practically equivalent , and 
may be used with advantage for prints 
taken from negatives with insufficient contrast 
for the paper employed when the exposure has 
been chosen for obtaining the maximum 
black. Each of these reducers should be pre
pared in a small quantity only, and at the time of 
using; their act ivity disappears in a few minutes. 

F armer's R educer-
H ypo., 10 % sol utio n • 5 o z. (Z5 0 c.c. ) 

P otassiUlll ferricyanide . 1% solu tion 5 o z . (2 50 c.c. ) 

,Vater, to ma ke . . . zo oz. ( 1000 ) 

I odine and Cyanide 1 R educer-
Iocline , I % solutio n 2 . 

Sodi um cyanid e, 1 % solution 
Water , t o make . . 

. 9~ dr. (60 c .c.) 

. l td r. ( IOC.C.) 

. zo oz. ( 1, 0 00 c.c.) 

1 Cyanides arc m ost violent po isons , even in very 
s mall quantit ies , a nd are supplied only for com m erc ial 
use (see § 398, footno te). 

2; Iod ine is insoluble in water but dissolves v ery 
readily in concentrated solutions of potassium iod ide. It 

One or other of these solutions is generally 
used for clearing the margins of prints which 
are slightly veiled or defaced by stress or 
ab rasion marks 1 (§ 548) ; also for local reduction 
wi th a brush .2 

F or reducing the deep shadows of a print 
without appreciably weakening the details in 
the light tones, the ammonium persulphate 
reducer should be employed (§ 463). For avoid
ing the deepest shadows being reduced to such an 
extent t hat they possess less strength than the 
intermediate tones, it is necessary, with some 
very fine-grain papers, t o add a small quantity 
of a chloride to this reducer. Only the quantity 
required for immediate use should be prepared. 

Persulphate Red~lcer f or Prints on Development 
Papers -

Ammoniu nl p ers lliphate • 

Sulphuric acid , 1 % solutio n 

t oz. (Z5 grm. ) 

4t dr. (30 c.c .) 

Sodium chloride (co mmo n sa lt), 
1 % solu t ion . . 4 d r. (25 c.c .) 

\Vater, t o make • . 20 oz. (r , 0 00 c .c.) 

forms a d ark brown liquid which can be d iluted as 
m lI eh as req uired. To prepare the iodine solution above 
mentionec1go gr. of potassiu m iod ide should be dissolved 
in a bo ut 1 oz. o f water. 45 gr. o f iod ine sho uld be add ed 
and by shaking the so lutio n from time t o time the iod ine 
will be completely dissolved in a bout a n h our. Iod ine 
be ing very volati le , the solu tio n sh ould not be heated . 
\'Vhen it is completely disso lved, su fficient w ater is added 
to bring the total volume up to 10 oz. 

1 These same red ucers arc also ll sed for the complete 
rem o val o f a n image wh ich has b een used as the basis 
o f a line drawing in waterproo f ink. 

2 Red uction with a brush is much more easily carried 
out with an a lcoh olic solutio n on the dry print . A 
mixture of eq ua l p arts o f the followi ng two solutions 
sh ould be used (1'. H . Greena ll, 1 926), diluted, if 
required, with an equal quantity of m et hylated spirit 
for working on light tones-

I odine fl akes • • 

Methylated spirit . • 

Thiocarbamid e (thio-u rea) 

\ ,Vater . • • • 

' 75 gr. (4 grm .) 

1 0 oz . ( 1 0 0 c.c.) 

350 gr. (8 grm ) 

1 0 o z . (100 c.c.) 

As soon as the image has been treated with a water
colo ur bru sh moistened with the reducer, a larger bru sh 
t horoughly saturated with m ethylated spirit is pa ssed 
o ver it , a nd th e spirit remaining o n the print blotted 
o ff at o nce . This sequence c f operations is repeated 
until the des ired e ffect is obtained. \ ,yhen the reduction 
is com pleted, th e prin t sho uld be placed without 
intermediate rinsing in a fixin g bath and then w ashed 
in the usual manner. R ins ing before fixing indu ces risk 
of staining by s ilver sulph ide, on acco unt o f t he deco m
position in water of t he complex formed by the 
thiocarbamide a nd t he silver sa lt . 
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This reducer is used specially for reducing the 
exaggerated contrasts of a print from a negative 
too strong in contrast for the paper employed, 
when the exposure has been timed t o obtain 
full details in the light tones, and thus causing 
the shadow details to be lost in the black 
deposit. 

(h) TONING AND TINTING OF TRANSPARENCIES 
AND P RINTS 

586. Introduction. Whatever may be the 
method of toning selected, success will be 
obtained only if a ll the previous operations have 
been carried out with the utmost care. It is 
essentia l that plates, films, and paper prints 
should have been fixed in two baths and washed 
very thoroughly. 

Methods of toning vary as regards the degree 
of success with which they may be used with 
images in which the silver ex ists in grains very 
different in size ; e.g. bromide papers for black 
prints, on the one hand, and gaslight papers on 
the other. Various conditions in working, such 
as the composition of t he developer, more or 
less prolonged development, etc., can exercise 
a marked effect on the final colour of the toned 
• 

Image. 
The fact that the silver image is converted 

into one consisting of a different substance 
involves necessarily a varia tion in the value 
of the d ifferent densities. In most cases toning 
is a n intensification process; in a few rare 
instances it occasions a slight reduct ion in depth. 

While a very slight grey deposit is generally 
passed unnoticed, a coloured tone of correspond
ing depth is almost always glaring. It follows 
that images to be t oned should have perfec tly 
clean whites. 1 

The reagents used in certain toning processes 
a re retained very tenaciously by the paper 
itself or by the subst ratum. Specia l precauti ons 
are therefore necessary for ton ing prin ts on 
paper which do not apply when toning images 
on a n inert support. 

Toning processes are almost infinite in num
ber, though many of them have lost their 
interest through the introduction of the new 
methods, which consist in converting the silver 
image into a mordant capable of fIxing very 
various dyes. This method allows the choice 
at will of any desired colour under the most 

1 As a precautionary lncasure, prints intended for 
toning should be cleared in the hypo and ferricyanidc 
red ucer, used very dilute, and preferably in alkali ne 
solution. 

economical conditions, without any variation 
in working other than the choice of a dye, or a 
mixture of dyes, of a sui table shade. 

Before en tering upon a description of the 
principal methods of toning, it is desirable to 
emphasize, as strongly as possible, the discretion 
which should be exercised in the production of 
prints in bright colours (§ 501). 

All t oning baths attack all metals as they 
attack silver. Metal conta iners or accessories, 
even enamelled or va rnished, cannot be used 
for these opera tions. 

587. Sulphide Toning : General Considerations. 
Sulphide of silver, which, in the mass, forms black 
pieces, assumes various colours, from yellowish
brown to purplish-brown, when finely divided. 
Sulphide of silver is absolutely unchangeable 
and una ffected by atmospheric conditions. 
When sulphiding the silver image obtained 
by development, i t is desired t o obtain a sepia
brown or warm brown colour, more transparent 
in the shadows than the original black silver 
image, and avoiding the yellow-brown" mus
tard" tone at one extreme and the purple at 
the other. Yellowish tones are generally due 
t o over-exposure in conjunction with develop
ment which has been stopped t oo soon, in order 
to prevent the image from becoming too dark. 
Purple-brown or chocolate tones are mostly 
th ose result ing from images on rapid papers 
when th e exposure has been too short and 
development has been forced . Prints developed 
wi th metol, without hydroqui none, will not 
yield fine sepia tones. Prints developed with 
amidol give rich tones easily. L 

The conversion of the silver into sulphide of 
silver can be effected by direc t combinati on of 
the silver and sulphur, the latte r being obtained 
from a colloidal solution in which the particles 
are extraordinarily fi ne, as, for example, in a 
solution con taining hyposulphite of soda and 
alum (L. Baekeland, 1888), or an acid (Lumiere 
and Seyewetz, 1912) . A weak solution of poly
sulphide may also be used for the direct sulphur
ation of the silver, as purchased (J. Desalme, 
1913), or prepared a t the time of use (Kropf, 
1910) ; it may be compared with a solution of 
sulphur in a mono-sulphide. 

Sulphuration can also be effected indirec tly, 
the silver being first converted into a salt such 

1 It i s very interes t ing to compare, afte r sulphura
tion in identical conditi ons, prints from the sam e nega
tive on the same paper, prints t hat look id enti cal prior 
t o toning but obtained by takin g advantage of lati tude 
in exposure (§ 557), a nd prin t s developed in different 
developers . 

-

• 

-
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as chloride or bromide b leaching of the image 
- which, by means of a second operation , is 
con verted in to suI ph ide of silver by means of a 
solution of sulph ide (m ake Smith, 1902) , of a 
su lph idi ng mixture, or even , somet imes, by 
means of gaseous sulphuretted hydrogen 1 

Except when using odourless sulphid ing mix
tures (§ 589) , sulphiding must always be carried 
out at a sufficient distance from a ll stocks 
of sensitive photographic m aterials, and from 
rooms in which t hey are handled in their original 
condition, in order to avoid t he intense fog 
which is always caused by th e act ion of traces of 
sul ph uretted hydrogen on p hotographic emul-

• 

SlOns. 
T he indirect process of sulphiding" is the 

method wh ich, almost a lways, is the bes t for 
lantern plates and prints on bromide papers. 
Direct sulphiding is most suitable for the fin e
gra in images on gasligh t papers, a lth ough there 
is no hard and fast rule. 

Nevertheless, compensation is th us obtained 
for the tendency of indirect ton ing to give more 
yellow t ones and fo r the tendency of rapid 
emulsions t o yield purple tones, and inversely . 

Tra nspa rencies for sulph ide ton ing ought to 
be kept ra ther th in, no appreciab le effect being 
a ppa rent in a very dense transparency seen by 
transm i tted light. 

588. Bleaching for Sulphide Toning. Most fre
quently the silver forming the image is con
verted into bromide of silver by immersion in a 
solution containing ferricyanide and bromide of 
potassium .3 The silver may also be converted 

I :i\Ie rcly as a m atter of c uriosity we may me nt ion 
th at t he sulphide of s ilver of an image thu s to ned can 
be replaced by o ther sulphides if the p ri nt is p laced in 
th e solution of a compound of t ho des ired mota l with a 
t hiosulphatc, sulphite, or t h iocar bamide (E . A slogloll , 
I 936). 

2 Toni ng with two baths often g ives less warm tones 
on matt papers , t han o n gl ossy ones of tho samc brand 
treated in identica l conditions . 

3 The ferrocy anicle, p roduced in thc absence o f a 
solub le b rom ide , is only for med very slowly. The 
equa tio n o f the reacti on 

2 Ag + Fe,(CN)" 1(6+ 2T(B r = 2AgB r + 2F e (CN),1(". 

renders it easy to calculate the p roportio ns o f 
ferric yanide a nd bromide correspond ing to their s imul
taneo us exh au st ion in the bath- 659 and 23 8 , app rox
imately 30 a nd I I. I t is necessary to in crease v ery 
slightly t hc a mo unt of brom ide calcula ted by this 
form ula so as to ensu rc a co nsta nt ex cess of this sa lt . 
A used bath may be rege neratcd by Lhe add iti on o f 
bro mide a nd a b ichromate which wi ll re-ox idize the 
ferrocyani de to the s tatc of fcrricyan idc . 

It should be noted t ha t the ferricyanide of the 
b lea ching b ath will form, in combina tio n with the 

into chloride by using a solution of perman
ganate and a chloride, suitably acidifi ed , 1 the 
fi na l colour of the image then tending to become 
purple. 

E ither of the following solut ions may be 
used-

P otassiUlll ferr icya nicl c . 260 gr. (30 g rm . 
P otassiUll1 bromide . ] 05 gr. ( 1 2 grm. ) 
Soda carbona te, a nhycl ro us 1 30 gr. (15 grm .) 
\Vater , t o make . . 20 oz. ( 1 ,000 c .c.) 

This bath may be used unti l exha usted. 2 

The following more expensive bath gi\·es sepia 
tones with much greater certain ty'-

P otassiu m fe rricyanid e . lUO gr. (30 g rill .) 
Potassiunl iod ide . . go g r. ( 10 grill .) 
,\ mm onia . . 3 d r. ( 2 0 c. c.) 
\\'ater, to ma ke . . 20 oz . ( r, ooo c .c.) 

T he use of metallic salts, such as r upric chloride 
or mercuric chloride, in bleaching solu tions for 
toning, is t o be studiously avoided . They form 
a salt, cuprous or mercurous, which intensifies 
th e image and dest roys the t ransparency of the 
deposit. 

Prints bleached d irectly they are taken from 
the washing water after fixing tend more towards 
purplish tones t han d ried prin ts. The tone of 
prints which have been dried is not modified 
by a prelimi na ry soaking before bleaching . 3 

The t ime of immersion in the bleaching ba th, 
after the complete conversion of the initial 
black silver into the whi te halide salt , has no 
effect on the fin al tone of the image;4 nor has 
hyposulph ite fro m a n imperfectly washed print , the 
Farm er red ucer, and generate a more or less uniform 
reduc ing action on the p ri nt. 

1 Thi s solutio n may b e used for the convers ion o f a 
sulphi c1cd image i nto chloridc , i f the co lour is not pleas
ing , or for treating an o ld print part ia ll y sulphurized 
by atmospheric imp urit :es . l( the wh ites sho uld be 
slightl y ti nted by t he actio n o f this bath , t hc s taining 
may be enti rely re moved , after rinsing t he print , in 
a very w ea.k solution of sod ium b isulph itc. 

2 The add it io n o f small quantities o f a mmo nia to 
th is b leaching solutio n avo ids the formation of blue 
stains fro m particles o f iron and the absorptio n by 
the gela t ine of hyd roferricyan ic ac id. wh ich . by slow 
deco mposition, can g ive rise to bl ue d iscolorations. A 
large excess of bro m ide in this b leaching solutio n tends 
to redu ce the ha lf-tones . 

3 I t has been p ointed o ut many tim es th at immerSing 
a print in the sulphide solu tio n , foll owed at o nce by 
bl eaching w ithout intermed iate ri nsing , g ives tones 
intermediate between those prod uced b y direct sul~ 
ph iding and indirect suI phi d ing. 

4 Incomplete bleach ing of a pri nt in a very dilu te 
soluti on a ll ows effects o f double to ning to be ob tained , 
t he light tones being form ed entirely o ( sul phide o f 
s il vcr and the shadows o f a m ix ture o f brow n s ilver 
sulphide a nd black s il ver. O t her effect s can a lso be 
ob tained, after fully bleaching a nd washing. by par tial 
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the temperature of the bath. If the bromiding 
bath given above is used, variations in strength 
due to its gradual exhaustion have no influence 
on the final colour. The final colour, after 
toning, however, t ends t owards yellowness if 
the washing after bleaching is prolonged. A 
very short washing after bleaching is sufficient, 
none of the constituents of the bleaching solution 
having any influence on the sulphiding. The 
action of light on the print between bleaching 
and sulphiding does not in any way influence 
the final result so long as no visible image is 
produced. 

Bleached prints should be washed for about 
10 minutes before being placed in the sulphide 
solution . 

In the course of a very thorough study of 
the influence of different working conditions on 
the final colour of the prints t oned by this 
process, E. R. Bullock (1 921 ) has ascerta ined 
that when a print, bleached in either of the 
solutions given above, is placed, before sulphid
ing, in a solution of sodium carbonate, the final 
colour of the image is distinctly modified. An 
immersion of about 10 minutes in a solut ion of 
about 0'5 per cent strength of anhydrous sodium 
carbona te gives tones slightly more purple, the 
effect being more marked with chloride prints 
than with bromide. A more concentrated solu
tion is less effective. A few preliminary tests 
will readily show the best strength of solution 
for a particular paper and given working 
conditions. 

589. Sulphiding the Bleached Image. Sul
phiding is generally done by means of a solution 
of sodium monosulphide,l of a strength of about 

re-development in a very dilute developer for warm 
t o nes, in full white light , or, by exposing the wet print 
to a stro ng li ght until the image has become v is ible 
by direct d arkening. After sulphiding , the print will 
be uniform in col our, formed partly by the s ilver image 
and partly by silver sulphide. 

1 The monosulphide o f soda, or neutral sod ium 
sulphide, N a,S, 9H ,O, occurs in the form o f deliqu escent 
crystals, which sho uld be free from discoloration if 
chemically pure , but which are generally amber
coloured or even a dull green or black on account o f 
the presence o f sulphid e of iron in a s tate o f very fin e 
division . Sodium monosulphide emits a n odour s imilar 
to rotten eggs, cha racteristic of sulphuretted hydrogen. 
On exposure to the air it is converted slowly into 
caustic soda, hyposnlph ite a nd polysulphides-sul
phides containing a la rger p ropor t ion of sulphur. It 
must be kept in glass jars. hermeticall y sealed . Itmay 
be kept with adva ntage under a film o f benzin e or 
mineral sp irit , which pre vents it from absorbing mois
ture fro m the air and becom ing decomposed. Sodium 
monosulphide is very soluble in water, especia lly hot 
water. Solutions of a strength of at leas t 20 p er cent 

I per cent (prepared at the time of use by 
diluting a concentra ted stock solution) , which is 
thrown away immediately after using. The 
image is completely converted into sulphide in 
about one minute. 1 

The use of very weak solutions, or solutions 
containing an appreciable proportion of hypo
sulphite, tends t owards the production of yel
lower tones than those by the normal treatment. 
The use of a polysulphide, e.g. liver of sulphur, 
in place of the monosulphide likewise produces 
tones more yellow than the normal colour 2 In 
sulphiding with a monosulphidc, ye llow tones 
are chiefl y obtained when prin ts still impreg
nated with ferricyanide (the elimination of this 
salt is very slow when the bleaching bath has 
not been rendered alkaline) are treated in a 
partially oxidized solution. The sulphide, which 
then contains hy posulphite, changes into poly
sulphide on coming into contac t with the 
residual ferricyanide; the part ially dissolved 
bromide of silver is re-precipita ted in the state 
of yellowish colloidal sulphide of sil ver (E . E. 
J elley, 1932) . 

keep quite well: very weak solutions change rapidly. 
forming principally hy posulphite. which would di ssolve 
the who le or part o f the image inst ead o f sulphiding it. 
Solutio ns of m onosulphide o f soda have, al t hough less 
strongly marked , the caustic properties o f solutions of 
soda . Concentrated solutions cau se the skin to swell, 
and disintegrate gelatine . To obtain a clear and almost 
colourless solution from the o rd inary samples o f mo no
sulphide , the sal t should be dissolved in asmall qua ntity 
of water, a nd the solutio n then brought t o boiling 
point a nd kept there for about t en minu tes. On cooling. 
the sulphide of iro n , coagulated by boilin g, settles to 
the botto m o f the bottle, and the s uperanata nt clear 
liquid can then be decanted. In this manner a solution 
of a strength of 5 0 per cent can b e prepared. which 
can be diluted when required for use. Sodium sulphide 
frequentl y blackens ena m elled a rticles (lead ena mels) . 
dishes, s inks, sau cepans, baths, etc. ; co ncentrated 
solutions cannot be filtered through paper. owing t o 
their action on th e fi lter paper. The li beration o f sul
p h uretted hyd rogen du e t o t he h ydrolysis of these 
solutions can be diminished by using glycerine or 
glycol for their d ilution. 

1 The use of more concentrated solutions facilitates 
the form a tion of a yellowish ground tint b y s ta ining 
t he gelatin e a nd th e paper base even in perfectly fi xed 
and washed prints. This tin t usuall y disappears in an 
acid bath (hydrochloric acid diluted with 1 00 t imes 
i ts volum e of water) . 

'The silver su lphide of images sulphid ed by a 
polysulph ide is not pure sul ph ide o f si lver. T he d is
agreeable yellow tones t hus obtained are much im
proved by immersion in a dilute solution o f si lver 
ni trate which wou ld have no act ion on normal sul phide 
of silver. After this t reat men t o f a ll images sulph ided 
to a yellow tone, the pri nts mu st be rinsed, placed in a 
fresh fi xing ba th a nd washed again (K . C. D. Hickma n 
a nd "V. Weyerts, 1933). 

• 

• 

• 
• 

• 
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The essential condition for obtaining pure 
whites is that the gelatine should be perfectly 
free from every trace of a resid ual sa lt of silver 
arising from imperfect fixing. T o ensure this 
condition, the fixing must have been done in a 
20 per cent solution of h ypo containing not more 
than 18 gr. of bromide of silver in 20 oz. of solution 
(2 grm. per litre) (Lumiere and Seyewetz, 1923). 

It has been proposed to replace the mono
sulphide of soda by compound sulphides which 
would deposit a nother sulphi de on the brown 
image. F or example, sodium sulphoantimonia te 
(Schlippe's salt) deposits on t he silver sulphide 
formed a li ttle orange-red sulphide of an timony 
(Carey-Lea, 1865). The resulting image is of 
red -chalk colour, but with a n entire loss of 
tra nsparency and frequently with the whites 
m ore or less t in ted . 

The surest means for avoiding any smell (and 
the fogging due to sulphuret ted hydrogen) is to 
carry out t he sulphiding of the image, without 
using sulphide, with a solu tion conta ining both 
sulpho-urea and a n alkali . Th e la tter transforms 
into sulphide of silver the insoluble com pou nd 
which has first formed between the silver ha lide 
a nd the sulpho-u rea. (I. -G. Farbenindustrie, 
1931). Caustic a lka li can be replaced by a car
bonate (A. Seyewetz, 1934). Va ria tions in the 
final tone result from a varia tion in the propor
tions of the two components-

Thio-urea . . 41- 18 gr . (0 '5- 2 grm .) 
Caustic soda ([0 % so-

lution ) . . 3- [2 dr. (20- 80 c.c.) 
vVater, to make • 20 oz. ( 1,000 e.c.) 

590. Direct Sulphiding with Hypo-alum. 
When a solution containing hyposulphite and 
common alum is boiled for a few m oments 
(§ 403), the precipitate which is formed first 
consists chiefly of a lumina . If this mixture is 
a llowed to cool, t he reaction con tin ues for a 
long t ime. In addition to the sulphur which is 
deposited, the liquid must be considered as being 
a solution of colloidal sulphur. A print im
m ersed in th is solution becomes sulphided very 
slowly if the bath is cold, but rapidly at a 
temperature of 1200 to 1400 F. New baths 
always attack, more or less , t he details in t he 
light t ones o f the prints which a re t oned in 
t hem ; old baths are free from this defec t a nd 
yield very fin e tones. Consequently, used solu
tions should never be thrown away but replen
ished from time to time with a quantity of new 
solution. New baths can be " ripened" by 
dissolving a little silver nitrate in them, or by 

adding trimmings of sensit ive pa per. The fact 
tha t the toning bath a lways contains silver salts 
led Baekeland to advise subj ec ting prints t oned 
in i t t o re-fixat ion in a new bath. It is to be 
regretted tha t this precaution is usually neg
lect ed, with t he result that a slow yellowing of 
the whites of the p rints may ensue. 

The toning ba th may be prepared as follows : 
4 oz. of hy po should be dissolved in 20 oz. of 
hot water (200 grm . in I litre) . To this should 
be added 400 g r. (45 grm .) of common alum, 
powdered. The mixture should be shaken, 
boiled for 2 or 3 minutes, l a llowed to cool to 
about 1500 F. , and then addition m ade of about 
5 gr. (0 '5 grm .) of silver nitrate dissolved in 
about ! oz . (IS c.c .) of wa ter, with sufficient 
ammonia to re-dissolve the precipitate which the 
first drops of ammonia produce . The bath must 
be thoroughly s tirred and, finally, 9 gr. (I grm.) 
of potassium iodide dissolved in a little water 
should be added. 2 This bath should be used at 
a t emperature between 1200 and 1400 F. 

It is, therefore, necessary that the gelatine 
prints shall have been hardened before toning in a 
fixing bath containing a lum, or, at any ra t e, 
by immersion in a cold satura ted solu tion of 
a lum. 

When the prints are taken from the t oning 
ba th they mus t not be washed until they have 
becom e quite cold. They a re le ft for a few 
minutes in any empt y dish to cool. Neglec t of 
this point is a frequent cause of blisters. During 
cooling the prints may be sponged with a tuft 
of cotton wool moistened wi th tepid water, so 
as to remove t he deposit of sulphur formed on 
t heir surfaces. This is prominent a fter drying , 
but it is then very difficult t o rem ove . 

59I. Cold Sulphiding with Acidified Hypo. 
A well-fixed print, after rapid rinsing , may be 
toned by immersing in a plain solution of 
hyposulphite of soda about 2 0 per cent and 
transferring from that directly t o a very weak 
solution of hydrochloric acid about I per cent. 
The print mus t remain in this bath for at least 
half an hour; if not, there is a risk that the final 
colour will not be the same throughout. The 
fin al colour is only obtained a fter washing for 
about an h our and a half (Lumiere and Seye
wetz, 1913) . 

1 If the to ning bath is being made up in qu an tit y 
larger than the capac ity of the vessel fo r heating it to 
boiling poi nt , the alu m may be dissolved in about a 
quarter of the t otal volume o f water , and the boiling 
solution of a lum added to the solutio n of hy po. 

2 It has a lso been proposed t o add to this mixture a 
small quantity of chloride of gold. 
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592. Single-solution Sulphiding with Poly
sulphides. It has been proposed to tone silver 
development prints in a single solution, using 
for this purpose various mixtures containing as 
essential constituents monosulphide of soda and 
an oxidizer persulphate, hydrogen peroxide, 
ferricyanide, etc. The active element in this 
toning is a polysulphide formed in the solution. 
J. Desalme has shown that the same result can 
be obtained more economically by using a weak 
solution of polysulphide, prepared from a con
centrated stock solution which is perfectly stable 
and may be diluted according to requirements 
for use. 

In a glass flask or earthenware saucepan, 
I oz. of sodium monosulphide is dissolved in 
about I oz. of wate r. It is ra ised to boiling point 
and 45 gr. of sulphur then added, little by little 
(sulphur in stick, previously powdered). When 
the sulphur is dissolved, sufficient water is 
added to make 5 oz. The orange-yellow solu
tion thus obtained is a mixture of bisulphide 
and trisu lphide; for use it should be dilu ted with 
4-10 times its volume of water. 

A print immersed in this solution tones 
slowly, particularly if the bath is very cold. 
The time required varies with different papers, 
but the prints can generally be taken out of 
the solution and put to wash in about 30 minutes. 
Toning continues during washing, and also 
during drying, if it has not been completed in 
the water. 

A solu t ion of liver of s1Jlphur l or Bareges salt, 
containing about 10 per cent of liver of sulphur, 
may be substituted. The presence of hyposulph
ite confers the advantage of avoiding stains on 
the whites of prints which have not been per
fectly fixed (Lumiere and Seyewetz, 1924) . 

593. Gold Toning. The methods of gold ton
ing with sulphocyanide, or with thio-urea, previ
ously described (§§ 536 and 537) for print-out 
papers, are equally applicable to development 
papers. They yield bluish tones, chiefly of value 
for transparencies 2 and very useful for improv
ing warm-toned transparencies of unpleasant 
colour. 

1 Liver of sulphu r occurs in yell owish lumps, contain
ing in addition to the pcntasulphide of potass ium, 1(2S5' 
va rious other polysulphides, hyposulphi te, carbo nate, 
and sulphate of potass ium . On keeping, it swells, be
comes greenish, a nd splits, and then contains only a very 
small quantity of active sulphide . It is very so luble in 
water, forming a redd ish-yellow solution. A solutio n 
of a strength of at least 20 per cent is very stable, but 
weak solutions do not keep at a ll well . 

, Prints o n paper do n ot give pleasing bluish tones 

The same toning baths, used with prints 
which have already been toned by the sulphide 
processes, produce red tones ranging from 
red-chalk to carmine (A. H. Dunning, 1907). 
The image then consists of sulphide of sil ver 
and sulphide of gold. There is no red uction in 
the quantity of sulphide of silve r present in the 
image before the gold toning. R ed chalk, the 
tone most desired in this ton ing process, is 
obtained most easily, as a rule, with prints 
which have been over-exposed and developed 
in a dilute solution, and are yellowish when 
sulphide-toned (J. H ertzberg, 1923) . Th e pro
cess is especially suitable for portrait studies 
against a wh ite background. 

594. Toning with Selenium. The selenosul 
phate toning bath previously given fo r print-out 
papers (§ 539) can be used equally for developed 
prints on papers with emulsions of very fine 
grain gaslight and chloro-bromide. With them 
it gives a beautiful sepia-brown tone. l Although 
this bath deposits selenium on the image pro
duced on bromide paper, no change in the 
original black colour of the print results. 2 

The same sepia-brown tone can be obtained 
more quickly in a solution of sulphoseJen ide of 
sodium,3 obtained by dissolving 2 oz. (100 gnn. ) 
of sodium sulphide in a very little water and 
adding to it 90 gr. (ro grm. ) of powdered 
selenium. The solution is t hen made up to 
20 oz. (1,000 c.c.), and can be used at any time 
for t oning. A slight reddish stain frequently 
occurs on the whites of the print, but can be 
removed, after rinsing in water, in a ro per cent 
solution of bisulphite of soda . 

The same solution of sulphoselenide can be 
used for toni ng prints previously bleached 
(§ 588) . In that case it should be diluted with 
about three times its volume of wa ter, or with 
a I per cent solution of monosulphide of sodium. 
In this form, selenium t oning can be usee! for 
bromide prints. 

by this method unless the print has been developed 
to a warm colou r, in a di lute solut ion, with co ns id eraLle 
over-exposure, particu larly with chiaro-bromide paper 
(A. Steigmann , 1926). 

1 This method of toning is applicable to prin ts a lready 
to ned by the sulphide process . It then y ields red tones 
(E. R. Bullock, 19 17). 

2 The fac t that selenium is , however, deposi ted on 
the s ilver wi ll be noticed if the latter is rem uved by 
Fanner's reducer, the residual image being formed 
exclusively of seleni um ranging from reel t o orange 
accordi ng to the state of d ispers ion of the sil ver in the 
initial image (P. R ehlaneler, 1932 ). 

3 Sulphoselenide o f sod ium NaSeS is a substance of 
properties similar to d isulphide of sodium NaS , . 

• 

• 

• 

• 
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595. General Considerations on Toning by 
the Formation of Coloured Ferrocyanides. The 
formation of coloured ferrocyanide was sug
gested as a method of intensification (H. Selle, 
1866), and, later, as a toning process. It has 
been the subj ect of numerous investigations 
(R. Namias , 1894; L. P. Clerc, 1899, etc.). 

The ferro cyanides of some metals are insoluble 
compounds of very bright colour, and thus this 
method affords very varied effect s. 

The coloured ferrocyanide, of which it is 
desi red to form the image, can in every case be 
obtained by first converting t he silver of the 
original image into ferrocyanide of silver by 
immersion in a solution of ferricyanide of 
potassium, according to the reaction previously 
described in red uction (§ 459) and in sulphide 
toning (§ 588) . This intermediate compound is 
then treated with a salt of the metal of which 
the ferrocyanide is desired (two-solut-ion toning) . 

When the ferricyanide of the metal of which 
the ferrocyanide is required is soluble in water, 
or in a solu t ion of which the const ituents have 
not, in themselves, any action on the silver of 
the original image nor on the ferrocyanide 
desired, the operation can be carried out in a 
single bath. As the silver is converted into 
ferrocyanide, the used ferricyan ide passes to 
the state of ferro cyanide of the same metal, 
which is deposited on the image at the poin t 
where it is formed. The ferricyanides necessary 
for these reactions are not commercial articles ; 
it is therefore necessary to use eq ui valcn t 
mixtures of ferricyanide of potassium and a salt 
of the desired metal. 

Solven t to be used for 
Ferrocyaniclc Colour di ssolv ing the ferri · 

cyaTl ide 

Cobal t1 Greenish blue to Solut ion o f neu tral 
purplish red po tassium citra tc 

Co pper Purplish red Solu tion of neutral 
po tassillIll c itrate 

I ro l1 ( fe rric sal ts) Prllssian blue Wa ter 
Lead White3 .. 
i\lolybclcnum Dead-leaf bro wn 

" Nickel Reddish bro wn Solut ion o f ncutr:l.\ 

Ura nillm~ Reddish brown to 
potassiurn citrate 

Water 
£lery rcd 

Vanadium Lightorangc yellow 
" 

1 The images arc g reenish blue whe n usi ng the 
method specified in § 60 1 (use o f a chloride) , a nd red
di sh when usin g the method indi cated in § 599 (use o f 
a sulphate). 

:! As the colo urs given respectively by iron toni ng 
and uranium toning are complementary, these nlcth oci s 
have been applied to the produc tio n o f the e lem entary 
imagcs in two-colou r synthesis. 

3 The white ferrocyan ide of lead is mentioned here 
on account of the fac ility with which this salt is con-

• 

The foregoing table gives the colours of a 
number of insoluble ferrocyanides, and also 
states whether the corresponding ferricyanide 
is soluble in water and, if not, the substance 
which is best used for making a solution. 

It will be understood that, after ton ing in a 
single bath, the image contains, in addition to 
the coloured fe rrocyanide which it was intended 
to form, also ferrocyanide of silve r. If this were 
left in the image it would give rise to a super
ficial metallic lustre, due to sulphuration by 
atmospheric impurities. Consequently, it is 
usual to dissolve out this salt when toning is 
finished. 1 This increases the transparency of 
the image considerably, and is, consequently, 
specially usefu l when images are to be viewed 
by transmitted light . But the ferrocyanide of 
silver can also be utilized to form in the image 
an addi tional quantity of a coloured ferro
cyanide, identical with that already formed, or 
different, according to the method of toning in 
two baths, and thus intensifyi ng the image or 
modifying its colour. Further, in order to obtain 
blended colours, the ferrocyanide of silver may 
be reduced to the metallic s tate by development 
in dayligh t, or it may be converted in to sulphide 
of silver. As the metallic ferrocyanides are 
mostly decomposed in alkaline baths, all these 
conversions should be effected in acid solutions. 

The conversion of ferrocyanide of silver into 
another insoluble ferrocyanide is most frequently 
done in a solu tion of the chloride of the metal of 
which it is desired to obtain the ferrocvanide,2 -
ver ted into chro mate of lead (chrome yellow) by immer
sio n in a solution of any chro mate o r bichromate 
(potassium, ammonium, etc.). For toning in two baths, 
it has been frequently recommended to form first the 
fcrrocyanicle of lead in such a manner as to produce in 
the image a greater quantity of ferrocyanide in a 
convertible form, and so to obtain denser images . 

1 It has been proposed to add s ulphocyanide o f 
ammonia to the to ning baths. Th is is a weak solvent 
o f fe rrocyanide of silver; but the eflect is always inco m
plete. This additio n is onl y possible wit h certain metal s. 

In the case of ci nematograph films, protected from 
atmospheric impurities by being tightly rolled o n 
a spool, t he ferrocyanide (or chl or ide) o f si lver is 
frequently left in the fi lm , parti cula rly when toning 
has not been carri ed as far as it will go . 

2 The conversion is frequ entl y lTIo re rapid or more 
co mplete in the prese nce of a bro mide. \<Vhen to ning 
in a s ingle bath is carried out with a solution containing 
a chloride or a bromide, and this add ition does not 
produce a salt capable of chloricling o r brom iding clirect 
the metallic s ilver without the interventi o n o f the 
ferricyanide (whi ch is the case , for example, in blue 
t oning with iron, or red toning with copper), the co n
version of the ferrocyanide of s ilver into a colo ured 
ferrocyanide is effected as it forms, the coloured image 
being t hen appreciably denser. 
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or, failing the chloride, in a sol ution of another 
salt to which hydrochloric acid has been added. 
After the toning is completed the image contains 
chloride of silver liable, in time, ei ther to be
come converted into metallic silver, or to be 
darkened by exposure to light, and in either 
case increasing the opacity of the image con
siderably. It is therefore necessary to remove 
this salt, unless it is desired to obtain particular 
effects from its darkening by exposure, from its 
reduction to the metallic state, or from its 
sulphuration. 

\Vhen forming the same coloured ferrocyanide 
by toning in one bath or in two, the quantity of 
this ferrocyanide formed from the same original 
quantity of silver is appreciably greater by 
t oning in a single solution than when two 
successive solutions a re employed, a denser 
coloured image being obtained. 1 

596. Reducing agents, notably hyposulphi tes 
remaining from fixing or imperfec t washing, 
which may exist in the gelatine, in the paper or 
in its preliminary coating, can produce, as 
would metallic silver, a reduction of the ferri
cyanide and a deposit of coloured ferrocyanide 
in the form of a veil or stains. It is therefore 
frequently recommended to immerse the prints 
which are to be toned in an oxidizing bath for 
a short time nitric acid, peroxide of hydrogen, 
percarbonate or perborate of sodium, in very 
weak solu tions. 

The gelatine (and also t he coating of the paper) 
during the course of the operations, particularly 
when these are carried out in very acid solutions, 
may retain yellow hydroferricyanic acid, which 
cannot be removed by washing in plain water, 

1 Consider, for exam ple , the case o f toning with 
copper. \ Vhcn toning in a si ngl e bath, the reaction is-

2Fe,(CN )12C lI , + 4Ag = 3Fe (CN),ClI , + Fe (CN),Ag, 
Fcrricyan idc o f Silver Fcrrocy:midc of FerrocY:lnide of 

copjX:r copper silver 

while the reactions occurring by to ning in two successive 
solutions arc-

2Fe2 (CN) 12 K, + 4 Ag = 3 F e(CN), K ., + Fe(CN),Ag, 
Fcrricyanidc o f Silver Ferrocyanidc o f Fcrrocyanide of 

potassium potassium sil ver 

F e(CN),Ag, + 2CuCl, = F c(C N),Cu, + 4AgCl 
Fcrrocyanidc o f Cupric chloride Fcrrocyan iclc o f Chloride of 

silver copper silver 

In princ iple, the same quantity of s ih:cr would 
produce by the firs t method three times mo rc fcrro
cyanide o f copper than by thc second; o r fou r times 
if one appli cs a bath of cupri c chloridc to the imagc 
alrcady toned in a s ing le bath. All thc prec ipitated 
ferrocyanides . even in the presence o f the other con
stituent, conta in an excess o f po tassium ferrocyanide 
absorbed o r combined in the s tate o f a compound such 
a s Fe(CN ),Ag, K, [Fe(CN)6l , Cu, K,. etc. 

and produces a uniform discoloration, especially 
noticeable in prints on paper (Luppo-Cramer, 
1 9 12). This can be removed, a fter the operations 
are completed, by immersion in a moderately 
concentrated solution of sulphate of soda, from 
2 to 10 per cent, preferably containing, in addi
tion, a small quantity of sodium or potassium 
citrate, a bout t per cent. This clearing bath 
may be used several times in succession . 

In the case of toning in a single bath, the same 
reaction which is produced on the silver of the 
image can a lso be produced on any other metal 
brought into contact with the solution. F or 
that reason the use of metal dishes must be 
avoided, as well as metal forceps, frames, etc. , 
or any appliances with metal parts, which would 
rapidly exhaust the solution. . 

The solutions used for toning in a single bath 
are sensitive to ligh t . This applies specially to 
the iron toning bath, which is identical wi th the 
sensitizer for ferro-prussiate papers (§ 622). 
The solutions should be prepared, kept , and 
used, shielded from a bright light which would 
induce the formation of a coloured ferrocyanide 
liable to be deposited uniformly on the image. 
It is a lso necessary to a void the presence of a ll 
reducing agents in the bath. In particular, the 
crystals of ferricyanide should be quickly rinsed 
before being dissolved, in order to remove the 
ochreous coating. As a precaution, a small 
quantity of an oxidizing agent is frequently 
added to the solution, e.g. potassium bichromate 
or ammonium persulphate. 

When toning with a single bath, the gelatine 
not only retains a little ferricyanide, but also a 
little of the other essential constituent of the 
solution iron salt, uranium salt, etc. The 
solution used for toning induces a strong tanning 
action on the gelatine. This tanning effect , and 
the concurrent combination of the salts with 
the gela tine, are very much less in baths which 
contain a relatively large proportion of citrate, 
but the presence of citrate tends in certain cases 
to render the toning solut ion inert, especially 
in uranium ton ing, unless a bath containing a 
large proport ion of hydrochloric acid is employed. 
The combination of the salts with the gelat ine 
is restricted by adding to the bath a salt which 
has a greater affinity for gelat ine, e.g. a lum 
(E . Sedlaczek, 1 920) . The same clearing bath 
previously given will effect the removal of any 
res idual yellow s tain. 

There is sometimes a risk that the coloured 
ferrocyanide may be formed on the exterior 
of the film on account of the diffusion of the 

• 

• 
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Uranium nit rate, 100/0 solution • 

No . I * O Z. • 
(25 c.c. ) 

Neutral p o tassium oxalate 1 00/0 solution t oz. 
(25 c.c.) 

Neutral potassiu m citrate, 10<% solution 1 -

P otass. ferr icyanide, 1 0 %) solution . 

Ammon ia a lum , 1 00/0 solution. 

H ydrochl oric a c id, 1 0 0/0 solut ion 

• 

• 

I t dr. 
(1 0 c.c .) 
I oz. 
(50 e.c.) 

• 

50nllll . 
(5 c.c.) 

-l oz. 
• 

(:25 c.c.) 
I t d r. 

( 10 e.c.) 

-' 

I o z. 
(SO e.c.) 

\ ;Vater, t o make • • • • 20 OZ. 20 OZ. 
(r ,oooc.c.) ( I ,OOOC .C. ) 

1 Neutra l c itrate of po tassium J(3C,H ,O,. ·2H ,O. is in 
small crystals, free from colou r . and very soluble in 

25- (T ·5630) 

The solutions should be pale yellow and per
fectly clear. 

T oning is very slow at first, becoming more 
rapid as the operation progresses. According 
t o the t one desired, toning may require from 
2 to IO minutes. Twenty ounces of bath will 
tone about 2t sq. ft. (about 40 sq. decimetres per 
1,000 c.c.) 

When the image is toned to the desired ex tent 
it must be washed. But ferro cyanide of uranium 
is exceedingly susceptible to the action of alkalis, 
even the weakest , and it would be decomposed 
(and the colour discharged from the image) by 
the bicarbonate of lime usually present in ordi
nary tap water, if washing were continued for 
more than five minutes. This reducing action 
may be avoided by adding a very little acid to the 
wash wa ter, e.g. I part of hydrochloric or acetic 
acid to 1,000 parts of water. In practice, about 
It drachms of 10 per cent solution of the acid 
is added to 2 0 oz. of water; or 45 gr. of boric 
acid in 20 oz. of water may be used. A very 
brief rinsi ng in plain water completes the 
washing . 

The uniform yellow tint of the base which 
generally remains after this method of toning, 
is not disp leasing in the case of transparencies, 
but with paper prints t he effect is distinctly 
disagreeable. It can be removed by immersing 
the prin t in the following clearing bath-

Soda s ul phate • • • t oz . (25 grm .) 

Neutral potassium c it rate, 10% 
solutio n . . . I oz. (50 c.c.) . 

\ 'Va ter, to make . • • 20 oz. ( 1,000 c.c.) 

until the whites are clear, after which the prints 
are rapidly rinsed. 

If necessary , any residual salts of silver should 
be dissolved out in an acid fix ing bath, either 
freshly prepared or kept exclusively for this 
process. The following fixing solution may be 
employed.-

H ypo . • • • 

Acetate o f soda . • 

Acetic acid, 1 0 % soluti on 

' 'Vater, to make . . 

• 

• 

• 

• 

I oz. (50 grm. ) 

90 gr. (10 grm .) 

I '~ dr. ( 1 0 c.c.) 

20 oz. ( 1 ,000 e.c.) 

water . It can be r eplaced by practically the same 
weight of neu tral c itrate o f sodi um. In all solutions 
of citrates a mouldy growth appears in cou rse of time. 
T his may be prevented by the additio n of an antiseptic 
to the solution, e.g. a small qua ntity of phenoi , or by 
keeping a fragment of camphor fl oating on the solution. 
With many insoluble salts, citrates for m complex 
soluble salts. 
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After clearing the image, the prints must be 
washed. The first washing waters should contain 
about I per cent of boric acid. For the last , 
10 minims of acetic or hydrochloric acid should 
be added to 20 oz. of water or 1 ft drachms of -
1 0 per cent solut ion. 

598. Blue Toning with Iron , in Single Solu
tion. Toning with iron intensifies the image in 
proportion to the degree t o which the toning 
action is taken, particularly if the residual silver 
sal ts are not eliminated . 

The following toning bath may be used 
(Kodak Co., 1 922)1-

Iron-ammonia alum, 10 0/0 

solu tion . . . • 

Ammo nium pcrsulphate, 10 0/0 

solution . . . • 

Oxalic acid. 5 %solution • 

PotasSiU111 Ierricyanide , 10% 
solution. . • • 

Ammonia-alum, I O% solutio n 

II yclrochlor ic acid, 10% solution 

'vVatcr, to make . • • 

21 dr. ([5 c .c.) 

50 min. (5 c.c.) 

9~ dr. (60 c.c.) 

I;\. dr. - ( LO c.c .) 

I oz. (50 c.c.) 

50 min . Co c. c.) 
20 oz . ( 1,000 e.c.) 

The solution should be light yellow, and remains 
clear for a long t ime. 

Toning will take from 2 to 1 0 minutes , accord
ing to whether the tone desired is a dull green 
or a pure blue. 20 oz . of bath should tone about 
4 sq . ft . of image, more acid being occasionally 
added if toning becomes t oo slow. 

Ferric ferrocyanide is exceedingly susceptible 
to the action of weak alkalis. Long washing in 
ordmary water must therefore be avoided , and 
the precautions previously advised in regard 
to prints toned with uranium, viz., washing, 
clearing the whites, and dissolving the res idual 
silver salts apply equally to iron toning. 

599. Purplish-red Toning with Copper in 
Single Solution. Copper toning does not in
tensify the image ; it even has a t endency to 
reduce slightly in the case of toning t aken to 
finality and followed by removal of the residual 
silver salts. 

For preparing the toning bath, the ferri
cyanide of copper may be dissolved either in 
ammonia or ammonium carbonate, but the 
clearest colours and the purest whites are 
obtained by using a solution of neutral potassium 
citrate as a solvent (W. B. F erguson, 1900) . 

Neutral p otassiu m citrate . 350 gr. (40 grm. ) 

Copper sulphate. 10% solution 51 d r. (35 c.c.) 

P otassium fe rricyanide. 10% solu ti on 4't d r. (30 c.c.) 

Water, to make . . . 20 oz. (1.000 c.c.) 

The solution should be ligh t green and per
fect! y clear. 

Toning should require from 2 to 10 minutes 
approximately, according to whether the t one 
desired is a warm black or a purplish-red . 20 oz. 
of bath should tone about 2t sq. ft. of image. 

Ferrocyanide of copper is not affected by 
alkaline solutions ; consequently the precautions 
specified in the preceding cases for preventing 
the reduction of the image by the bicarbonate of 
lime in ordinary water are not necessary. 

If the image is slightly weak it may be 
strengthened, after a brief rinse, in a solution of 
about 5 per cent of sulphate of copper, to which 
has been added a little hydrochloric acid. This 
is followed by a second rinse . 

The .removal of the residual silver salts may 
be done in a neutral solution of hyposulphi te, 
about 5 per cent; but there is no disadvantage 
in using an acid solution. 

6 0 0. Mixed Toning. Among the very numer
ous combinations possible in toning with ferro
cyanides, the following may be par ticularly 
noted .. A print, toned with uranium or copper 
tn a smgle bath, may be immersed in a weak 
solution of ferric chloride (perchloride of iron) 
to which a ltttle hydrochloric acid has been 
added. This must be before the t reatment with 
hyposulphite. This gives dark green or purplish 
tones. 

A mixture may also be made of the iron and 
uranium t oning solutions for obtai ning, with a 
single bath, sep ia, dull green or bluish-green 
tones, while a full green may be obtained in a 
single bath by a mixture of vanadium and iron. 

More transparent images may be obtained, 
and at less cost , by dyeing with a mordant of 
which particulars are given later. ' 

6oI. Two-solution Ferrocyanide Toning. This 
method of working is used principally in t oning 
With Iron, which IS here gLven as an example. 

The print is first immersed in a solution of 
potassium ferricyanide, of about 2 per cent 
strength, which must be previously rendered 
alkaline by adding a little ammonia. This is 
allowed to act unti l the image is yellowish 
through its entire thickness. 1 

After washing until the whites are thoroughly 
. 

1 A variation suggested by C. H. Bothamley (19 18) 
obVIates the cmploYlncnt of the fc rricyanide, and 
consequently the combination of this sal t with the 
gelatine. The image is first co nverted into c hlo r ide 
e.g. by immersion in a hyd rochloric solution of 
chromat e o r permanganate, and then co nverted into 
ferrocyanide of silver by immersion in a sol ution o f 
potassium ferrocyan ide. 
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clear, using the clearing bath already given 
(§ 597) if necessary, the image is toned blue by 
immersion in a weak solution of ferric chloride,-

Iron perchloride (standard 
solution 45° Baume) • 

Hydrochloric acid 

Water, to make 

• 

• 

• 

• 

• I O Z. (5 0 c.c.) 

· It dr. (TO c.c.) 

· 20 OZ. ( 1,000 c.c.) 

After a quick rinse the print is immersed in 
an acid fixing bath, then well washed in slightly 
acidulated water. 

602. Dye-toning : General Considerations. It 
was observed by A. Traube in 1906 that, after 
suitable conversion of the silver in a photo
graphic image in to silver iodide, this salt can 
fix basic dyes l in a manner that may be com
pared to the fixation of colouring m atters by 
means of mordants in dyeing. After remaining 
a sufficient time in a weak solu tion of one of 
these dyes, a very in tensely coloured image is 
obtained. The washing after immersion in the 
dye removes the colouring matter which has 
penetrated the gelatine without having the 
slightest affinity for it, but it cannot remove 

1 The majority of art ificial colouri ng matters known 
as aniline dyes can be div id ed into two categories , 
basic dyes and acid dyes . 

A basic dye is a salt in which a base, bearing by 
itself the colouring power, but generally insoluble 
in water, is combined wIth a mineral or an organic 
acid-chloride, sulphate, acetate, oxalate, etc. All 
basic dyes are very soluble in alcohol: they have a 
marked affinity for co llod ion, but they will not cOlll bine 
with gelatine. 

An acid dye is a salt o f which the acid radicle forms 
the essentia l colou ring constituent, this acid dye being 
cOlnbinecl with a min eral base-salts of sodium, 
potassium , ammOniUI11, and calciutll. Acid d yes are, 
as a fule, insoluble in alcohol. 

If solutio ns of bas ic dyes are mixed with those of 
a cid dyes, a n insoluble precip itate genera lly forms. 
On the other hand, dyes of the same c haracter can 
always be lnixed with each other for obtaining inter· 
mediate tints. 

When a piece of blotting paper has its lower extremity 
dipped in a weak solution of a dye , the water rises on 
the blotting paper more r apid ly than the colouring 
su bstance when this latter is bas ic, the colo ured sta in 
being thus preceded by a moist zone free from colour 
as t he mois ture rises . This pheno menon does not 
occur with acid dyes , and it forms a s imple test for 
dis tin guishing between the two categori es. Dyes 
intended for ordinary dyeing are mixed, as a rule, 
with inert soluble substances for the purpose of 
maintaining the co louring propert ies constant from 
batch to batch . The complete des ignation of a dye 
ought to include all letters or numbers following the 
name of the colouring substance, and the name of the 
maker. Dye subst ances of the same name but coming 
from different sources are not necessarily identical. 

dye fixed on the iodide of silver. 1 The images 
thus obtained (diachromes) are, unfortunately, 
very opaque, and the iod ide of silver can only 
be removed after a complementa ry mordanting, 
otherwise the colouring matter, being no longer 
fixed, would be diffused . 

The use of various metallic ferrocyanides as 
mordants, suggested by R Namias (1909-19II), 
has become a practical success through the 
publication by J. 1. Crabtree (I917) of working 
details for dyeing images previously toned by 
the formation of ferrocyanide of copper. It has 
since been found that ferrocyanide of uranium 
constitutes an excellent mordant, as does a lso 
cuprous sulp hocyanide (J. H. Christensen, I917)· 
The substance obtained by bleaching a silver 
image in a mixture of potassium ferricyanide 
and chromic acid may also be used (F. E. I ves, 
1919) . 

According t o whether the conversion of the 
original silver image into a mordant is superficial 
or complete, the colours produced by the dyeing 
will be broken or pure. 

F or certain purposes, amI notably for photo
graphy and cinematography in colours by the 
superimposition of two or three images in 
primary monochrome elements, it is essential 
that t he image should be very pure and highly 
transparent. It is important , therefore, t o start 
with very feeble images and to conver t the whole 
image into a m ordant which itself is without 
any appreciable colour. 

The stability in daylight of images toned in 
th is manner is very inferior to that of images 
toned by the formation of metallic salts. These 
processes answer well for cinematograph fIlm s 
and stereoscopic or lantern transparencies. But 
they arc scarcely suitable for window trans
parencies exposed t o a strong light for any 
length of time. 

The use of these methods of ton ing has for 
a long t ime been restricted to transparencies, 
but a working method has been introduced by 
A. and L. Lumiere and A. Seyewetz (1925) for 
paper prints. 

603. Mordanting the Images. Unless very 
pure blues or greens are desired, mordanting 
may be done in either of the baths previously 
given for uranium toning (§ 597), or copper 
t oning (§ 599). An essential condition, however, 
is that the ferro cyanide of silver must not be 
removed by treatment with hyposu lphite. This 

1 Mordanting by the formation of iod ide of silver and 
cuprous iodide may be effected by means of the solution 
given in § 455 for very great intensification . 
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would diminish considerably the capacity of the 
image for retaining the dyes. Broken colours, 
generally the most pleasing, a re given by in
complete mordanting, t oning being stopped 
when the image presents an almost impercep
tible brown tint, which, with a new bath, will 
not require more than 2 minutes. The image 
must be washed between mordanting and dye
ing until the whites are perfectly free from 
colour. 

In the case of mordanting with uranium, 
the washing water must be acid . But any 
removal of the silver ferrocyanide must be 
avoided, as this plays as active a part as the 
mordant . 

The following mordan ting bath renders it 
practicable to obtain at will either broken 
colours by shortened treatment , or full colours, 
by taking the operation to the full. 1 The mor
dan ted image is colourless. 

P otassium fc rricyanicle • 43 gr. (.5 grill. ) 

Ammoni um bichromate , 1 0 0/0 

so lutio n . 2! d r . ('5 c.c.) 

S ulphur ic acid, 10% solutio n 4'1 dr. (30 c.c.) 

\ 'Vater , to make . • • 20 oz. ( 1 ,000 c .c.) 

This solution may be used repeatedly. iVIor
danting must be followed by washing, which, 
however, must not be too prolonged, as this is 
liable to red lice the mordan ting effect. 

Finally, excellent results may a lso be obtained, 
for all ordinary work, by using the following 
bath for mordanting (formula modified by 

1 For three-co lo ur w ork it is necessary that the 
image should be very t ranspare nt, and in that case 
the s ilver salt must be removed, after dyeing and wash
ing. in the following bath. This solu t ion must be 
prep a red at t he time of using. The o bject of the s ul
phate o f copper is t o fix the d ye in thc gelatine. A bath 
co ntaining tannin could also be used fo r this purpose. 

Hypo. • • 

Sodium acetate • 

Copper s ulphate . 

Ace tic acid . glacia l 

vVater, to make . 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

700 gr . (80 grm .) 

175 gr . (20 grm .) 

265 gr. (30 grm .) 

,t dr. (10 c .c.) 

20 OZ . ( 1,000 c.e.) 

Sufficient tra nsparency is obtain ed in tra.nsparencies 
by coating them , a fter drying, with ccllulo id varnish . 

Failures sometimes occur through impurities in the 
waters used for preparing the mord anting bath. If 
that should be the case, distilled water should b e used , 
or, at any rate 1 water which has been boiled. 

R. Namias, 1928) . Small qnantities only should 
be prepared-

Copp er s ulphate . • • 

Ne utral potassium c itrate • 

Acetic acid, g lacial • • 

Ammonia sulphocyanicl e, l OYo 
solu tion 1 . . . 

W a ter, t o make . • • 

175 g r. (20 g rm.) 

525 gr . (60 grm .) 

2r dl. ([5 c.c.) 

2 oz. (100 c.c.) 

20 oz. (r ,ooo c.c.) 

The mordan t produced by this solution is 
colourless, and is very suitable for obtaining 
easily clear colours in all shades, if immersion in 
the solution is continued until the image is 
completely bleached. In addition, its efficiency 
is such that an extremely weak silver image will 
show, a fter dyeing, a very appreciable density, 
very little of which is due to the mordant. After 
mordanting, the image must be washed until 
the clear portions are perfec tly free from colour. 2 

604. Dyeing of Mordanted Transparencies. 
Dyeing is effec ted in an aqueous solution of the 
dye, t o 2 0 oz. of which has been added from 
t to 2! drams of glacial ace tic acid . 3 The con
centration of the dye may vary from t to 
1 8 gr. per 20 oz. of solution. A few trials will 
indicate the bes t concent ra tion. Very dilute 
baths should be avoided for dyeing images 
mordanted in a mixture of ferricyanide and 
bichromate, and very concent rated solutions 
should equally be avoided for dyes whose 
colouring power is considerable, e.g. methyl 
violets and Paris violets, and also in the case of 
dyes , like safranine, which are not readily washed 
out. 

1 Th is solut ion must be add ed li ttl e by littl e , after 
the other constituen ts are disso lved, the solution bei ng 
shaken after each addition . \'Vhen only required 
occasion a lly , the s ulphocyanide sh ou ld o n ly b e added 
a t the time o f use. A solution which is at a ll tu rbid 
shou ld be thrown away, as there is a seriou~ risk 
o f veiling the dyed image throughout . F or com
mer cial work the glacial a cetic a cid may be r eplaced 
by an equiva lent quantity of crude acid (pyroligneous 
acid) about 6 dr. per 20 oz. The citrate and the acetic 
acid do n o t b ecome exhaust ed ; the bath may be 
strengthened several times, as requ ired , by moderate 
additions of sulphocyanide a nd the copper sa lt. 

2 D o uble tone effects can be go t by dye ing , in o ne 
of the following baths, an image which has been to ned 
to a blue in the bath recommended in § 598, but with 
the ammonia alum o mitted. The shadows only are 
the n toned t o a blue : the light half-ton cs are bleached 
a nd they a lone can fix the d ye (Kodak Co ., 1922) . 

3 T he o bj ect of the acid is t o prevent the dye from 
fixing on the plain gelatine. T he qua ntity of this acid 
may be increased if the whites sh ow any appreciable 
discoloration . 

-

• 
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The following table gives various dyes with 
their corresponding colour a'1d the group to 
which they belong. They are all well suited 
for dyeing with the mordants previously given-

\Varm brown 
Reds 

" 
" 
" 

Orange 
Yellows 

" 
" Green 

Blue-green 
Blue 

" 

" Violet 

Chr ysoidines 
Rhodamine 13" 
Rhodamine S.** 
Safranines 
Fuschinc* 

Acrid i ne orange 
Auramine** 

Phosphine 
Thio flavine** 
IVla lachi tc green * 

Methylene green 
Methylene blue 
Victoria blue 

Capri B lue" 
Methyl v iolets 

Azo 

Phthalein 
Azine 
Triphenylmethane 

derivative 
Acridine 
Diphenylmethane 

derivative 
Acridine 
Thiobenzcnylic 
Triphenylmethane 

derivative 
Thiazine 
Thiazine 
Triphenylmethan e 

derivative 

Triphenylmethane 
derivative 

• D yes suitable for anaglypbs and two-colour photography. 
.. Dycs suitable for three-colour synthesis. 

All the in termediate colours can be obtai ned 
by mixing these various solutions in suitable 
proportions, or by successive immersion in 
different baths with intermed iate rinsing. 

According to the intensity of colour desired, 
and also according to the strength of the dyeing 
bath, immersion in the solution may vary from 
2 to about IS minutes. 

After dyeing to the colour desired, the image 
is washed in several changes of water for about 
10 minutes. An image which has been coloured 
too deeply may be reduced in intensity by brief 
immersion in wa ter to which a few drops of 
ammonia about 20 minims per 20 oz . has 
been added. An image which has been insuffi
ciently dyed can be re-immersed in the mor
danting bath after a brief rinsing. 

605. Dyeing Mordanted Prints on Paper. 
After mordanting by the formation of cuprous 
sulphocyanide in the bath of which the formula 
is given at the end of § 603, the prints made with 
extra wide margins should be washed for a bout 
30 minutes in running water , or water freq uently 
renewed. A print is placed with its back in con
tact with a sheet of glass a little larger than the 
print , br on the flat bottom of a dish, a nd sur
fa ce-dried with a blotting board. 

The dye is applied to the print by means 
of a la rge flat brush cod-tail or a plug of 
cotton wool, using always an ample excess of 
dye, which may be spread without any special 

precautions other than avoiding all contact of 
the dye with the back of the print. 1 By using 
solutions of sufficient strength the dyeing is 
completed in about 2 minutes. 

The dye solutions to be used in this case are 
I per cent solutions of anyone of the following 
dyes, with addition of I per cent glacial ace tic 
acid.-

Thioflavine T: Methylene Blue: Rhodamine S: 
Malachite Green: Methyl Violet: 

or a mixture of these solutions in suitable 
proportions. 

The excess of dye should be drained off at one 
corner, and the print washed in running water 
until the slight tinting of the base does not get 
any lighter. This will require from 30 minutes 
to an hour. On drying, this tinting decreases 
but does not completely disappear. 2 

For completely discharging this colour, the 
prints should be immersed in a very dilute solu
tion of sodium hypochlorite (I to 2 parts by 
volume of concentrated J avel extract to I,OOO 

of water) (R. Namias, I936). 
The prin ts should remain in the bath for 

about 30 t o 60 seconds ; when the whites are 
free from colour they should be placed in a very 
weak solution of bisulphite of soda, I oz. of the 
commercial solution per 20 oz. They should 
then be rinsed and dried . 

In the case of emulsions very strongly har
dened to allow of drying by heat, any chemical 
treatment is generally unnecessary for bleaching 
if the washing is carried out in water at 1 20 0 F . 
The very slight tint remaining on the base does 
not show on the face of the print a fter drying 
(C. Rosetti, 1936). 

606. Tinting. While toning affects the colour 
of the image only, the base remaining colourless, 
a general tinting is intended to colour the base 
itself, the image appearing in black, or in a 
colour, if it has been previously toned, on a 
tinted ground. 

General tinting is done by means of acid dyes, 

1 The back o f the print may be protec ted from the 
dye by attaching it to a g lass coated with india-rubber 
solution (§ 444). and covering the m a rgins of the print 
with strips of paper coated with the same india-rubber 
solu t ion . Dyeing may then be proceeded with in a 
dish . but more dilute solutions sho uld be used. 
After finishing and drying, the print is detached by 
being pulled from the glass; any india-rubber which 
may ad here is removed by rolling und er the fin gers. 

, It is often possible t o dispense with the protect ion 
of the back of the print by using a ba th sufficientl y 
dilute for the dyeing of the image to require about 
24 hours . 
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generally those prepared for woollen fabrics, 
the fixation of which is facili tated by the addi
tion of a little acet ic acid about 50 minims of 
a 1 0 per cent solution of the acid in 2 0 oz. of 
bath. In order to avoid the softening of the 
gela tine by the dyes, they should be employed 
in very dilute solutions. It is very exceptional 
that a strong colouring of the base of the image 
is desired . 

It should be borne in mind that this tinting 
diminishes the luminosity of the prints con
siderably ; the loss is from 20 to 90 per cent; and 
it also lessens contrast to a marked degree. 

The following table gives the dyes recom
mended a nd the concent rations desirable for 
the various usual effects on cinematograph 
films (Pathe-Cinema, 1 926).1 

The average time of immersion is 3 minutes 
for transparencies on plates or films. For prints 
on paper it must be appreciably less, and, in 
addition, it is desi rable to use more dilute solu
tions. Gelatine that has been hardened too 
much will only take the dyes irregularly. 

• 

BIlle (n ight) 
Yellow 

Amber 
Flame red 
Grecn 

Green (da y
ligh t) 

Pink 
Vio let 

Bleu purdirect4I3 
Tartrazinc extra-con-

centrec 
Cocceinc orange 
Ponceau 3 1<5 
Vert Sulfa 2B 

Vcrlllaphtol 

Am:l.ran thc 
Violet adele 5 I3 c xlr3 

0'5% Polyazo 

O' s% H ydrazone 
0'2 l OO"7 % Pol ya zo 

2% Azo 
O'-t% Triphcnyltnc lhane 

dcriva tive 
0"5% Nitroso 

(quinone -oxime) 
0'2 % Azo 
Q-I %, Triphcnyhnc lhanc 

derivative 

After tinting, the prints or transparencies 
should be washed for several minutes to remove 
the dye which adheres superficially to the 
gelatine and the support. Long washing, how
ever prolonged, will scarcely reduce a tint which 
is too strong. 

Before drying, t he t ransparencies or prin ts 
should have all surface moisture removed. Any 
dye which may be discharged or remain in drops 
on the surface will cause streaks or marks. 

1 The dyes mentioned in t his table arc ma~1tdactu:ccl 
by La Socip.te des 1\1atieres Colorantes de Samt-Dell ts . 



CHAPTER XXXIX 

WA SHI NG , DRYI NG AND GLAZING OF PAPER PRI NT S 

607. Methods of W ashing Prints. In the case 
of prints on paper, the part played by washing 
differs in no way from that which has been 
studied previously (§ 415) in the case of photo
graphs on impermeable (glass) and practically 
impermeable (film) supports. The mechani sm 
of washing, however, is slightly different, the 
interchanges being considerably slower in the 
interior of the paper (fibres and sizing) than in 
the gelatine layer. Washing may be controlled 
by the same methods already indicated in the 
case of plates and film s. 1 F or the reasons already 
given (§ 421) so-called hypo-eliminators should 
never be used in any circumstances. 

When a gelatine coating on an impermeable 
support is being washed, the concentration of 
the salt solution in the coating is reduced by a 
constant fraction of its former concentrat ion 
after each change of water (§ 416), or at the end 
of equal periods of washing in running water 
(§ 417), the soluble salt being expelled suffi
ciently qui ckly for it to be necessary for the 
water to be renewed very rapidly. On the other 
hand, the diffusion of sodium th iosulphate and 
of soluble silver complex th iosulphate from the 
paper and its baryt~ coat ing is much slower, 
and is lessened as the quantity remaining to 
be eliminated becomes smaller. Under such 
conditions there is no longer any advantage in 
employ ing such a rapid renewal of water for 
papers as in the case of plates and film s, the rate 
of washing being governed by the ra te of 
elimination of salts from the support. 2 

1 It has ofte n been suggested that the efficiency o f 
washing may be controlled by adding a colou ring 
ma tter to t he fixin g bath or t o t he first w ash watcr. 
such a material be ing e li minated at almost the same 
rate as the hypo. There is , however. always a risk, 
whe n applying this treatme nt to a paper o n which this 
experime nt has no t al ready been tried , that the colour
ing matter may be ul timately retained by th e paper 
Of by the baryta coating. 

2 K . C. D . Hickman and D. A . Spencer (I925 ) have 
s.hown that this slowness in elimination during washing 
is a proper ty of paper in the sheet form and not a 
spec ific p rop erty of its fibres. The diffu sio n through th e 
cell w alls is slowe r than that in plain w ate r, and the 
period of ti me a salt takes to pass through a large 
num ber of fIbres in series is considerably increased 
by the res in s izi ng in the paper, for when the paper is 
calendercd the res in melts. thu s re nd ering the fibres 
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In order to bring about practically complete 
elimination of removable salts, it is necessary 
that thin papers should be washed for 30 minutes 
and very th ick papers (cardette, post cards) for 
90 minutes, using running water or water wh ich 
is renewed every five minutes. In the former case 
it is sufficient to employ moderately fast running 
water, so long as the prints are moved about 
fairly frequently to prevent the massing of 
them together which prevents the penetration 
and renewal of water. Clean water must have 
constant access to both sides of th e prints. 

When using running water for washing, it is 
preferable t o make use of an arrangement which 
keeps the prints moving inside the receptacle. 
When washing in changes of water, it is essential 
that the prints be removed one by one from the 
dish of contaminated water and placed in the 
dish of fresh water. The removal of prints in a 
mass from one dish to another, or emptying and 
refilling a dish on the bot tom of which the prints 
are heaped, is absolutely in effec tive. 

An excellent method of has tening the elimin
ation of salts retained by phot ographic papers 
consists in pressing-out the liquid with which 
they are saturated from time to time (Lumiere 
and Seyewetz, 1902) . F or example, at each 
change of water the prints are gathered in a 
heap on a fla t and rigid support, and the water 
pressed out wi th th e hand, or, better s tiIJ, by 
pressure with a roller (a wooden rolling pin or 
a thi ck round glass bottle can be used for the 
purpose). The prints, having been squeezed in 
this way, are placed in a small quantity of clean 
water from which they are taken one by one 
and transferred to the washing tank, which, in 
th e meantime, has been emptied and refilled. 
When only a very small number of prints have 
to be washed, they may be pressed between 
blotting paper rather than treated as above. 

partially impermeabl e a nd , at the same time, filling 
up the interstices. The san1e experim enters have shown 
that the treatmen t recommended b y A . Charriou (1923) 
for hastening the washin g of papers is based on a 
theory which is invalid. The process consists in sub
mitting the pri nts, durin g waShin g, to the action o f 
an inert salt, such as sodi um b icarbonate, which wo uld 
displace the h ypo remai nin g in the paper ; such treat
ment would on ly be efficacious in the case of an irre
vers ible adsorpt ion, and this does no t occur. 
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608. Apparatus for Washing Prints. Print 
washers are often less efficacious than plate 
washers, the prints usually t ending t o heap 
themselves up on the bottom of the tank or on 
the perforated false bottom. The use of floats 
provided with clips for holding the prints has 
often been suggested, but the use of such devices 
is hardly possible except when washing a very 
small number of prints, and in that case it is 
just as practicable to carry out the washing in 
several changes of water, transferring the prints, 
one by one, from one tank or dish to another. 

When it is required t o wash a fairly large 
number of small-sized prints, either a washing 
machine or a shallow cylindrical tank can be 
used, the latter being fitted with inlet pipes 
placed tangentially, so that a whirling move
ment of the water is produced. 1 A washing 
machine consists essentially of a perforated 
metal drum, the axle of which is mounted hori
zontally on bearings fitted to an overflow tank, 
in the inside of which it is kept rotating either 
by an elec tric motor or by the fall of the supply 
water on to the paddles of a water-wheel con
nected with the drum itself. A secondary flow 
of water is generally directed through the 
perforations to prevent the prints from sticking 
to the drum. With such machines there is often 
a ri sk of the prints becoming t orn or creased if 
an attempt is made to wash large-sized prints, 
while prints on stiff supports are often scratched 
when washed by this method. 2 

When washing large-sized prints, the con
sumption of water is usually reduced by using 
a number of tanks arranged in t iers (cascade 
washer) , the water flowing from one tank into 
the tank immediately below (arrangements 
should be made to prevent the prints being 
carried over by the current of water). On taking 
ont of the fixing bath, the prints are placed in 
the lowest tank and are tra nsferred progressively 
through the various tanks, so that systematic 
washing is ensured (the prints are moved in the 
opposite direction to the flow of water) a 

1 If a morc suitable container is no t availabl e, place 
in the dish a c up to rece ive the je t o f water fro m the 
tap in orde r to avoid frac tures in the paper which wo uld 
occur if the prints were hit directly by the je t. 

2 Atte ntio n should be drawn to the continu ous 
washi ng machines intended fo r prints made on long 
lengths of paper, or for separate prints held between 
two endless belts or aprons o f permeable material. 

3 If the same set o f tanks is being used to wash the 
prints from several sets of printers, it is an advantage 
not to mix the different batches, thus simpli fy ing the 
sorting of the prints after d ry ing. In this case each 
batch may be identified, until after dry ing, by means of 
a piece of material numbered with indelibl e ink which 

Before proceeding to dry the prints it is a 
good plan to remove all foreign matter (pieces 
of paper, particles of gelat ine, dust, etc.) from 
the surface of the prints by wiping them with 
a large soft sponge (an ordinary or rubber 
sponge) which has been well soaked in water 
and squeezed almost dry . For this purpose , 
the prints are laid on the flat bottom of a metal 
dish tilted against the side of the sink; at the 
same t ime, the greater part of the superficially 
adhering water is removed, and the time 
required for drying is thus shortened. 1 

609. Drying of Paper Prints. The old method 
of drying paper prints was to hang them, 
by one or two corners, according to their size, 
wi th clips on to lines stretched ei ther between 
the walls of a well-ventilated room, or fixed to 
a frame which is fitted to the wall or hung from 
the ceiling by cords passing over pulleys. When 
dried by this method, prints on emulsion papers 
tend to curl up or roll themselves into small 
tubes, and the process of flattening them out 
involves an additional manipulation,2 during 
which cracks in the coat ing are sometimes 
produced. This is usually a very serious matte r, 
and can only be avoided with great difficulty, 
even when the lower edges of the prints are 
weighted. It is true that t he gelati ne forming 
the support of the image could be kept moist 
by dipping the prints, before drying, in water 
containing a lit tle glycerine, but if this remedy 
is applied the risks of deteriorat ion of the image 
under the influence of impurities in the air is 
considerably increased. The method of drying 

acco mpanies the prints of each batch in the tank s and 
in the drying apparatu s. 

1 This precaution is particularly indispensable in 
dis tricts where the w ater supply co nta ins large quan
tit ies o f lime salts, which, durin g drying, are liab le to 
form whitish streaks on the surfaces o f t he prints ; if 
such lime deposits appear in spite o f wipin g over with 
a spo nge, a s mall proportio n o f h ydrochlori c acid 
( I p er cent) should be added to the last wash water. 

'They are usually flatt ened by passing the back of 
the print und er the s traight edge of a hard ruler, us ing 
a s ingle co ntinuous movement, as an y hes ita tion 
generally produces a crease in the print. Attention is 
drawn to the existence of flattening machines in which 
the prints are inserted between two endless aprons 
passing at a fairly sharp angle round a return roller 
o f very small diameter. 

One can a lso proceed as foll ows : Place together two 
prints o f the same s ize face to face ; usin g a spo nge, o ut 
o f which as mu ch water as poss ible has been squeezed, 
the backs of the two prints are dampened a nd the prin ts 
afterwards p laced between clean blotting paper; when a 
certain number have been pi led up in this way, they 
a re put under press ure in a copying press for a few 
minutes. 
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prints by suspending them freely is therefore 
usually confined t o prints on non-emulsion 
papers (such as salted papers, ferro-prussiate 
papers, etc). 

610. The usual method of drying papers 
coated with emulsion is to lay them face down
wards on a support which allows of free access 
of air, such as stretched linen, butter muslin , 
or galvanized wire netting . If necessary , drying 
may be hastened by a current of warm air. 
When the amateur has only a very small number 
of prints which require to be dried, they should 
be first pressed between blotting-paper, and 
then placed face downwards on dry sheets of 
fluffless blotting paper (blotting cards generally 
give much longer service and are therefore more 
economical in use), which, when not in use, are 
kept protected from dust. 

When a large number of prin ts are to be 
dried, a drying cupboard is generally employed 
for the purpose. Such a cupboard is fitted 
inside with sliding frames covered with cloth 
or wire netting'; if asufficiently large number of 
supplementary frames a re available, they can 
be fi lled with prints outside the drier and placed 
inside as the frames containing the dry prints 
are removed. Such a drier is sometimes fitted 
with a glass door, while the sides of the cupboard 
may be furni shed with ventilation holes at the 
top and bottom, covered with fine gauze to keep 
out dust. The temperature of the air inside the 
cupboard is raised by means of gas jets placed 
under sheet iron , or by elect ric resistance 
heaters ; a fan may be used to accelerate the 
circulation of air inside the cupboard, while the 
moist air is evacuated by a chimney. A drier 
which is less bulky when not in use may be 
made by st retching between two vertical walls 
(partition walls, furniture, etc.) pieces of cloth, 
each piece being mounted on an automatic 
spring blind roller, so that it rolls up when the 
free end is released. 

For the rapid drying of large numbers of 
prints continuous drying machines are often 
used ; the prin ts are inserted one by one between 
two endless aprons or belts of porous fabric2 

1 Keep the frames with wi re netting for drying 
pr i n ts tha t have not been t oned. 

'The materia l generally used for the purpose is 
swansdown-calico, one side being smooth, the other 
fl eecy, such materia l b eing specially made for covering 
the cylinders of printing machines . I n drying machines 
in which the prints arc success ively carried round two 
cylinders in opposite directions, crcases arc often pro
duced as the direction of m otion is cha nged, especially 
in the case o f very large prints. 

which are carried round a cylinder heated from 
the inside ; a t the end of the travel the prints 
emerge dry and fall into a box placed in position 
for the purpose (c. J ellinek, I908). 

Post cards may be dried by fitting them into 
wooden grooves, the distance between the 
bottoms of the grooves being slightly less than 
the length of the card. The cards are then 
placed in the grooves so tha t the coated side is 
convex, thus counteracting the tendency of the 
card to curve in the opposite direction. 

611. The gela tine of posi tive paper emulsions 
is usually sufficiently hardened to be able to 
resist relatively high temperatures without 
damage. H owever, it should be remembered 
that there are certain papers, particularly glossy 
papers,l which are coated with a relat ively 
soft gelatine, and these cannot be dried face 
downwards, especially with heat, wi thout having 
been hardened with alum 2 (§§ 540 and 58I). 

The operat ion of hasten ing the drying by 
heat often brings about a modification in the 
tones of prints on print-out paper and on prints 
which have been developed or t oned to warm 
tones; it nearly always causes a sligh t alteration 
in the appeara nce of the surface, so that when 
quality is more essential than speed, methods 
by which the prints are dried in less than half
an-hour should be avoided. 

Prints should be removed from the driers 
before the gelatine becomes over-dried, especially 
if the drying is hastened by a current of warm 
air, as the gelat ine tends to become brittle and 
curling of the prints is only prevented with 
great difficulty. Immediately the prints are dry, 
but while they are still supple, they should be 
piled up on top of each other , and can be slightly 
weighted without any risk of their accidentally 
adhering to each other. Special care should be 
taken to place all the prin ts of the same pile 
the same way up, i.e . facing in t he same direc
tion, otherwise, if the drying has not been quite 
snfficient, t wo prints with the gelat ine surfaces 
in contact would stick t ogether. 

612. Rapid Drying of Prints. In cases where 
prints have t o be delivered in a great hurry , the 
rate of drying may be considerably increased 
if the print is immersed for a few minutes in a 
bath of methylated spirits (§ 428) a fter it leaves 

1 The gelati ne of glossy papers is usually on ly slightly 
hardened , so that they can be " glazed " if desired. 

2 Prints intended for the Bromoil processes must 
never be hard ened with alum . They may be dried 
by laying t hem on a pad of blotti ng paper and fix ing 
the corners with cl ips or drawing pins. 
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the last wash water. When the water has been 
displaced by the spirit throughout the thickness 
of the paper, a fact which can usually be verified 
by the translucent appearance presented by the · 
paper when examined from the back, the prints 
are squeegeed to expel the alcohol (which is then 
recovered) , and pressed between blotting paper; 
they are then dried by heat, using t he drying 
apparatus a t its maximum temperature. 

When only a very few prints have to be d ried 
in the shortest time possible, they may be 
bathed in alcohol, pressed almost dry between 
blotting paper, and then singed one by one. 
F or th is purpose, the print is held by a lower 
corner in an a lmost vert ical position, t he upper 
corner being held to a blue gas or spiri t fl ame ; 
the a lcohol with which the print is still impreg
nated burns, t he flame gradually cree ping down 
t he pri nt. \"'hen it arrives about half-way the 
print is quickly t urned round, taking hold of 
the corner at which t he alcohol was orig inally 
lighted with t he free hancl. The flam e then 
spreads upwards unti 1 i t reaches the corner 
which was originally held in the hand. \"'hen 
the opera tion is proper! y carried ou t there 
is no risk of burning either the print or the 
fingers. 

6I3. Deformation of the Image during Wash
ing and Drying. All papers tend to stretch when 
wetted and to contract during drying, t he fin al 
dimensions being usually less than the initial 
dimensions. In the case of machine-made 
papers and photographic papers usually come 
wi th in this category the variations in length 
are not proportional to the variations in breadth . 
In such papers the fibres actually lie in a 
direct ion parallel to the length of the band of 
paper, so tha t although the fibres themselves 
swell when wetted their leng th remains prac
tica lly constant. 1 

The expansion which occurs when the paper 
is wetted, and which varies from one paper to 
another, and even for the same paper dried to 
the same extent, may amount to 2'5 per cent 
of the wid th of the paper and 0'5 per cent of its 
length. When dried with free access of a ir, the 
contraction, relatively t o the initial dimensions, 

1 To de termine the directio n of the fibres of a paper 
a small disc is cu t o ut of it and floated o n water (i n 
the case of papers coated w ith an e mulsion the pla in 
side o f the paper should be in contact wi t h the wa t er) . 
If this is done th e paper is seen to curve inward s in 
the fo rm o f a por t ion of a cylinder; the direction o f the 
fibres, that is, the directio n in which the d imensio ns 
are practically co nstant, is tha t o f the generators o f 
the cylind er, i .c. the straight direction. 

may attain I per cent of the width and 0'5 per 
cent of the length. When the same paper is 
alternately wetted and dried several times, 
similar variations occur each time, their magni
tude often being slightly g reater but soon reach
ing a limit. 

In ordinary ph otographic p rac tice, these 
variations in the dimensions of photographs 
were particularly important at the t ime when 
photographs were mounted by the wet process; 
the prints were fixed in position by the mountant 
when expanded to their fulles t extent , appre
ciable deformation thus resulting . I n that case, 
one endeavoured to place the subj ect in relation 
to the paper in such a way as to minimize the 
effect of the deformation, for example, by length
ening a very stout sitter, or broadening a person 
who was rather thin. The use of d ry-mounting 
processes, now becoming more and more general, 
has a llowed the deformation of the image to be 
sufficiently reduced so as to be no longer a 
source of difficulty in purely a r t isti c work . 

In a ll cases where measurements have to be 
made on photographic images paper prints are 
usually avoided. If, however, great accuracy is 
not essential, t wo metrical scales may be printed 
on the margins of the sheet of paper, parallel 
to two ad jacent sides respectively , and measure
ments rela tive to these scales may be taken . 

For work requiring precision, paper coated on 
the back with plain gelatine may be used . 
Before printing, the paper is expanded by 
soaking in plain wa ter for some time, and is 
then la id face upwards on a shee t of plate glass ; 
any air bubbles and excess of water a re expelled , 
and the whole is then left to d ry . Owing to the 
adherence of the gelatine, the paper remains 
fixed at its maximum distension. When devel
oped and dried, the image will ha ve exactly the 
same dimensions as the latent image (H . 
E oussilhe, I922). The use of sensitive emulsions 
coated on thin sheets of matt aluminium has 
a lso been sugges ted. 

614. Glazing and Enamelling of Prints. The 
processes of glazing and enamelling, when 
appl ied to prints on glossy paper, bring about a 
considerable increase in contrast and clearness 
of the details of the image . 

The enamelling process, which was formerly 
applied to prints on albumen or collodion paper 
is no longer used. A sheet of flawless plate-glass 
was thoroughly cleaned, dried, and coated with 
a layer of an approximately I per cent solu tion 
of collodion. When the collodion had set, a 
solution of gelatine was run on top, and the print 

-
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applied face downwards on the gelatine solution, 
the excess being removed with a flat squeegee. 
A sheet of stout paper was applied to the back 
of the print by the same method, and turned 
over behind the glass to keep the whole in place. 
When thoroughly dry, a cut was made with a 
penknife, and the print could be removed 
coated with a layer of collodion as highly 
polished as the plate-glass on which it had been 
moulded . 

Similar results, although not as las ting, are 
obtained more simply by glazing prints on 
gelatine-coated papers. The print is applied 
while wet to a sheet of plate-glass, polished 
celluloid, or a piece of japanned iron plate 
(ferrotype plates). If the operations have been 
correctly carried out, the prints may be detached 
quite eas ily when completely dry . The gelatine 
surface is then as glossy as the support with 
which it had been in contact, but if damped 
afterwards at any time it loses its glaze . 

An essential condition for the success of the 
operation is the absolute cleanliness of the 
support, which must therefore be thoroughly 
washed in plenty of water whenever seen to be 
dirty. The cleaned and dried sheets of plate
glass are polished with talc powder, the excess 
of powder being removed . F errotype plates are 
polished with a flannel on which a few drops of 
a thin polish have been poured , l and then 
fini shed off wi th a dry pad of flannel or chamois 
leather. 

Of la te it has become usual to empl oy a 
glazing or stripping solution in which prints are 
soaked for a minute or two immediately before 
being laid on the glasses. Such a soluti on con
sists usually of purified ox-ga ll. This evil
smelling product can be replaced by its act ive 
const ituents sold under the name of industrial 
biliary salts (a mixture of about 75 per cent of 
glycocholate and 25 per cen t of taurocholate of 
sodium ) to be used in aqueous solutions at con
centrations. of from 0'5 to I per cent , or (A. 
Seyewetz, 1936) by a ll other substances reduci ng 
the sudace tension of the water (wetting agen ts 
of the tex tile indust ry), and especially by solu
tion s of about I per cent strength of various 
sulph onated fatty alcohols (Ocenol, Lorol, 
Igepon, etc.). 

1 This polish is prepared by po uring about I oz. 
(50 gr ill.) of paraffin, white wax, or spermaceti (melted 
b y h olding it agains t a ho t iron) into 20 oz. (r litre) o f 
crys tallizabl e b enzene o r light mineral p e troleum. 
Plate-glass, as w ell as ferro type plate, is so meti mes 
polish ed with a pad of cloth on which a lit lle very dry 
white soap has been rubbed. 

Immediately they are washed,l the prints a re 
appl ied face downwards on the polished surface 
of the plate-glass or the ferro type plate, which is 
placed flat on a table. After covering wi th a 
piece of cloth or parchment paper which has 
been previously wetted, bubbles of air and the 
excess of water are expelled with a soft rubber 
roller or a squeegee, working from the centre 
t owards the edges . Any excess of moisture is 
then removed from the back of the print with 
blotting paper, and t he whole allowed to dry 
by itself. Trays, linen sheets, or sheets of 
clean paper should be placed so as to receive 
the prints should they detach themselves 
spontaneously . 

When large size prints are being glazcd it 
llappens that the corners, being the first to dry , 
loosen spontaneously, so that th e image has 
iridescences at the edge of the parts prematlirely 
freed. As glazing platcs are placed horizontally 
each corner can be weighted with a small piece 
of metal, or the drying of the corners can be 
retarded by laying on them p ieces of wet 
blotting paper. 

In establi shments doing developing and print
ing work for amateurs, the glaz ing mach in es 
resemble drying macll in es in th eir arrangements. 
The prints are placed face upwards on a n endless 
belt which applies them against a ch romium
plated cylinder , heated within and kept rotating 
slowly. 

The pri nts must not be too wet if they are 
to be glazed by heat, for the water evaporat ing 
between the hot metal and the gela lin e coaling 
can lcaye matt spots. The best resul ts a re 
obtained with machines fitted with a dev ice 
for polishing the cylinder at each revolution, so 
as to remove traces of gelatine remaining from 
previously treated prints, and the deposits of 
lime left by the evapora tion of t he water. 2 

Prints glazed at an excessive temperature 
ofte'n lose contras t and undergo a change in 
colour tending towards ye llow. The fin er the 
reduced sil ver the greater these changes are. 
Th ese phenomena are sometimes accompan ied 
by the beginning of ret iculation. 

6r5. Facing the Prints with Cellophane. The 
p icture surface of a photographic print ca ll be 
protected by causing to adh ere to it a trans-

I In very hot wcather the risk of the prints adhering 
to t he support completely is lesse ned b y firs t all owing 
the pri nts to dry and aftcrwarCis wettin g them by a 
short im mersion in plain water before g laz ing. 

2 'Nhen tho water contain s much lim o the acid to be 
used in the last wash water (§ 420) is acetic acid wh ich 
is almost inert as regards chromiu1l1 plated surfaces . 
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parent sheet of cellophane (regenerated cellu
lose) of the kind used for packing some food 
products. A sheet of cellophane is distended by 
immersion in cold water fo r a t least 5 minu tes 
and is t hen applied to a glazing plate . A print 
that has not been hardened is applied to it by 
its gela tine surface. (In the case of a hardened 
print the gelatine is softened by immersion for 

about 10 minu tes in tepid wa ter, of which the 
warmth must be in proportion to t he degree of 
hardening) . The whole is kept under pressure 
beneath some sheets of blott ing paper until the 
next morning, when it is lifted by a corner and 
trimmed (J. L. Sheldon, 1931). Before removing 
the print from the glazing plate a cloth may be 
pasted on the back of the paper. 

-



CHAPTER XL 

TI-IE PRINCIPAL FAILURES I N MAKI NG POSITIVE PRI NT S ON SILVER PAPERS 

616. Preliminary Note. Before enumerating 
some of the failures which may occur in the 
various stages of the production of positive 
prints, the reader should realize that the great 
majority of failures are entirely due t o mistakes 
made, often unconsciously , by the worker 
himself (§ 430). 

The failures a lready described in connection 
with the production of the negat ive need not be 
repeated here, but they apply as such when 
printing on development papers . 

It should a lso be borne in mind that any 
defects in the negative are necessarily repro
duced on the positives made from them, and 
are even occasionally exaggerated to a certain 
extent . 

617. Failures Common to Various Printing 
Processes. The O~ttlines oj the h nage are 
Doubled. Th e printing paper has shifted in 
relati on to the negative during printing. This 
occurs more frequently with print-out paper as 
a result of insufficient pressure during inspection 
of the image while prin ting. 

L ac!, oj Sharpness in P arts oj the I mage. 
Localized defect ive contact between the negat ive 
and the sensitive material, chiefl y caused by 
warping of the back of the fram e or printer, 
badly-fitted hinges, inequalities in t he thickness 
of the cloth or felt with which the back is 
covered, or, in the case of transparency plat es, 
by imperfec t fl atness of the surfaces in contact. 
The effec t of defective contact is exaggerated 
by printing in diffused light and lessened if a 
point source of light is used. 

General L ack of Sharpness . The negative has 
been placed in the frame or printer back to 
front, the positive material being in con tact with 
the support. The picture is then reversed. The 
thicker the negative, the more marked is this 
defect; it is lessened if the printing is carried 
out with a poin t source of ligh t in a fixed position 
relative to the negative. 

No I mage Appears, or only Very F aint after 
a L ong Time. The back of the sensitive paper 
has been placed in contact with the negative . 

Light Sp ots of Irregular Shape. Light or 
white marks may be caused by a shadow thrown 
on the fra me during printing, by the presence 
of foreign bodies (pieces of paper, bits of the 
cloth or felt of the pressure pad, etc.) between 
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the glass support and the negative, or between 
the negat ive and the paper, or by opaque spots 
(fragments of gelatine, etc.) on the back of the 
negative . 

Cracks in the Paper or Sensitive Coating. The 
prints have been rinsed or washed under a t oo 
violent jet of water, or the wet prin ts have been 
handled incorrectly. Large sheets of paper 
should be lifted by one corner , and the strain 
taken off by lifting also the opposite corner. A 
print should never be taken hold of by the middle 
of one of its sides. 

White Spots Appearing Dttring F ixing. Local 
solution of the silver image by particles of rust 
suspended in the fixin g bath (especially in a 
used bath) due to iron or cast-iron pipes or t o 
the vessels (iron casks, etc.) used for the storage 
and handling of hypo. 

Blisters. Blisters which occur during the 
manipulation of paper prints consist of pockets 
of gas or liquid between the actual paper and 
the layer of emulsion. The first can be caused 
by transfe rring prin ts on development paper 
from a developer which is very rich in carbonate 
to a very acid stop-bath or fixing bath without 
intermediate l'insing. They may also be formed 
by using water supersaturated with air (very 
cold water under high pressure) , which, on 
attaining the t empera ture of t he a tmosphere, 
liberates the excess of dissolved air in the form 
of bubbles in the substance of the paper. 
Blisters, which consist of pockets of liquid, are 
usually formed during the washing which 
immediately follows fixation in a very concen
trated ba th, especially on papers coated with 
insufficiently tanned gelatine, the water pene
trating into the gelatine faster than the thio
sulphate solution can get out . Any factors 
which tend to weaken the gelatine locally , 
increase its permeability, or lessen its adherence 
t o the support (contact with warm hands, folds, 
kinks, and creases in the print), favour the 
formation of these blisters. This tendency can 
be reduced by properly tanning the gelatine 
before or during fixation (the use of alum is 
effective even for collodion papers, as it hardens 
the gelatine of the baryta coating) , and by 
avoiding very sudden changes of temperature 
and concentration in the handling of the 
prints. 
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When blis ters have occurred, the paper at the 
back of each blister should be pierced with a 
fine needle, or, in the case of gelat ine prints, 
and if the washing is finished, they should be 
placed in a bath of equal volumes of water and 
denatured alcohol, finally soaking in pure 
denatured alcohol (Eastman Laboratories, 1 922). 

Sticking of Gelatine Prints to Glass or F erro
type Plates. The glass or ferrotype slabs were 
not properly cleaned, or the gelatine was exces
sively swollen when putting prints on the plates 
(insufficient t anning, washing in water which 
is too warm), or the prints (on the plates) were 
dried at too high a temperature. 

M aU P atches on Glazed Prints . These patches, 
small and circular, or large with irregular out
lines, are due t o bubbles o[ air which were not 
expelled when laying down the prin ts , and t hus 
have prevented contact between the gelatine 
and the polished surface . When glazing on 
plate-glass, these air bubbles are easily visible 
through the back of the glass , as they form 
pa tches which are more glossy than the parts 
where there is perfect contact. If the print is 
examined in this way, after it has been put on, 
such bubbles can be easily expelled at the time, 
or the print applied afresh after re-wet ting it. 

Gradual Deterioration of Prints. A slow 
deterioration of prints may be due to bad fixa
tion or insufficient washing. In the two follow
ing paragraphs the nature of such changes on 
print-out papers and on developmen t papers 
is considered . In addition to these causes, 
change in the image may be due to impurities 
in the mounts and in the mountants themselves 
(the presence of hypo in the pulp of the mount; 
acid glues t o which hygroscopic mate rials have 
been added). 

618. Failures with P rint-out Papers. Bronzing 
oj the Shadows . The formation of a reddish
brown or metallic film on the dense parts of a 
print on print-out paper (particularly on col
lodion papers or papers very rich in silver) is 
usually due to printing from a very contrasty 
negative and attempting to obtain details in 
the high lights, the shadows being consequently 
considerably over-exposed. 1 If the metalliza-

1 Metall ic s ilver which has been formed in the 
colloidal s tate by the ac tion of light is ad sorbed by t he 
silver chloride, in wh ich it forms a reddish o r pu rply
coloured soliel solution (photo-salt). W hen the s ilver 
chloride is saturated, the reduced s ilver forms an almost 
continuous coating with greenish metallic refl ections. 
In this state it is much morc easily attacked by weak 
solvents than is the s ilver protected by the s ilver , 
chloride in which it is embedded (F. Formstaeher, 1925) .'J 

tion is not very pronounced, it often disappears 
during t oning and fixation, especially when the 
treatmen t used brings about a marked weaken
ing of the image (this does not occur with self
toning papers which have been t reated with a 
salt bath) . Bronzing can be remedied either 
before or after t oning. In the first case, a fter 
a brief washing, the prints are bathed in a very 
dilute solution of hydrochloric acid or a weak 
solution of gold chloride (It drm. t o I oz. of 
I per cent solution per 20 oz. ( I O to 50 c.c. per 
litre)) t o which a little hydrochloric acid has 
been added (i t o 5t drm. per 20 oz. (5 to 35 c.c. 
per litre) ), according t o the degree of the bronz
ing. After washing for about I O minutes the 
prints are toned, preferably with a combined 
toning and fi xing bath containing ammonium 
sulphocyanide. In the second case, the toned 
prints are reduced by immersion for ; ome time 
in a fairly concentrated solution of copper 
sulphate (from I O to 30 per cent), briefl y rinsed, 
and transferred t o the fixing bath. The metallic 
bronze on a print is often reduced by treating 
the surface with a wax or paraffin polish (A. 
Steigmann, I925). 

The Image as a Whole R efuses to Tone. This 
occurs only with separate toning baths, when 
the gold is exhausted, or when various impurities 
(hypo, sulphite, etc.) have gained access . 

Parts of the Image R efuse to T one. The parts 
which refuse to t one are not wet ted by the 
solution owing to the presence of greasy spots 
(irregularly-shaped marks due t o finger-marks) 
or circular spots due to air bubbles. 

Brown or Black Stains. Local format ion of 
silver sulphide by contact with traces of hypo 
from the fingers or a badly-washed dish . It 
should be a working rule not to begin fixat ion 
until a batch of prints has been toned, so as to 
avoid having t o dip the fmgers alternately into 
the toning and fixing baths. 

Patchy Tones on Prints. The prints have 
adhered to each other during the toning (always 
keep the prints moving in the bath), or, when 
toning and fixing in separate baths, the prints 
have not been washed (or insufficiently washed) 
before t oning. 

R eddish Prints on Self-toning Papers. Too 
long washing before fixing. Self-t oning papers 
should not usually be washed before fix ing (or 
before treatment with salt solut ion), as washing 
removes the necessary t oning materials (the 
directions given with the paper used should be 
followed) . 

Prints are too Pale when Fixed . Printing 

• 

• 

• 

• 

• 

• • 
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has not been carried far enough through failing 
to take into account the loss in depth which 
nearly always occurs, but to an extent which 
varies with the paper and the treatment used. 

Pinkish Stains on the Dry Prints . These are 
generally caused by alkaline dust falling on the 
prin t while it is still damp. Powdered chemicals 
should always be hand led and weighed out away 
from the place where the various operations are 
carried out. Such stains sometimes disappear if 
the print is washed in water which has been 
sligh tly acid ified with hydrochloric acid , followed 
by a brief rinse in pure water. 

L oss of T one During Burnishing or Dry 
Mounting. The print has been heated to t oo 
high a temperature. 

Gradttal F ading of the I mage after a Time. If 
the light tones become greenish or yellowish , it 
is usually due to the use of a combined toning 
and fixing bath contain ing no gold , or used after 
the gold had become exhausted , toning then 
being entirely due to sulphiding. 

Gradual fading of the image is generally 
caused by incomplete removal of the hypo, 
which, under the influence of the oxygen and 
moisture of the atmosphere, gives rise to sul
phuric acid, which attacks the silver image 
(R. Namias, I 903) . A gradual discoloration of 
the whites of the print is usually due to incom
plete fixation (use of an exhausted fixing bath). 

No completely effective 1 method is known 
whereby photographs on print-out papers which 
have deteriorated in this way can be restored. 
The most that can be done is t o try copying the 
print, using an appropriate colour-filter to 
increase the contrast of the remaining image, and 
a plate or fi lm of suitable colour-sensitiveness . 

619. Failures with Development Papers. 
General F ogging of the I mage. General fog may 
be caused by storing the paper under bad condi
tions; by omission of the bromide from the 
developer (in these two cases, the margins are 

1 If the de terio ration is no t too great the iIll age can 
be g ive n reaso nable vi gou r by bleach ing in a. solution 
containing 5 per cent of sodium chloride (kitchen salt) 
and I per cent of copper sulphate. After wash ing fo r 
a short time, the print is placed in a sol utio n o f sodium 
stannite , in which the image reappears. This v ery 
unstable solut ion is prepared (when required for use) 
by dissolving 350 gr . (40 grm .) of s tannous chlorid e 
(tin protochloride) in abou t 8 oz. (400 c.c.) o f water, 
adding It oz. (72 c.c.) of caustic soda of 40° Ballm,; 
(o r 300 gr. caustic soda dissolved in about If oz. (3 4 grm . 
in 80 c.c. of water), shaking, and luaking up the volum e 
t o 20 o z. ( 1,000 c.c.) by the addition of water, finall y 
filtering to remove the excess of stannou s hydroxide 
(J. D esaime, 1 9 1 2) . 

usually fogged); by wrong adj ustment of ex
posure to development; or by printing a soft 
negative on an insufficiently contrasty paper, 
the working conditions having been adjusted 
with the object of obtaining full blacks in the 
shadows of the picture . 

The I mage has Detail but no Strength. Print
ing a soft negative on an insuffic iently contrasty 
paper, the condi tions having been adjusted to 
obtain pure high-lights. 

Grey or White S treaks. Too long development 
of an under-exposed print; paper kept in a 
damp place . With gaslight papers, white or 
light-coloured markings, especially if the paper 
is damp, may be caused by using a developer 
containing an insufficien t quantity of carbonate . 

M oUling .' Uneven Density of the I mage. 
Considerable under-development of an over
exposed print ; paper kept in a damp place. 

Blach Streahs on the Whites or L ight T ones; 
Wh.ite Streahs on the Shadows . These abrasion 
marks (§ 199) are due to the sheets of paper 
rubbing against each other when being taken 
from the packets; also to their rubbing against 
the negative when loading and unloading the 
frame, or against the bottom of the dish when 
a sheet immersed face downwards a nd covered 
with others is brought to the top. These m arks 
can be removed from the margins of a print by 
local treatment with a reducer (§ 585), or by 
rubbing with a wad of cotton wool impregnated 
with alco' ,01. 

Greenish Tones. Insufficient exposure. 
Yellowish or Brownish Tones. Over-exposure, 

excess of bromide in t he developer, or th e use 
of an exhausted developer. As any bad colour 
in a print is not visible in non-actinic light, it is 
important to examine a few prints every now 
and then a fter fixation, by daylight or corrected 
light (lamps with blue bulbs, called daylight 
lamps) whilst the printing of a batch is in 
progress. In th is way the colour can be seen, 
and any faults in the working cond itions 
remedied forthwith . Prints of bad colour may 
be converted to a good black by chromium 
in tensification (§§ 454 and 584), but as a rule 
such prints do not tone at all well. 

Brown or Black Stains. The paper has been 
touched with fingers impregnated with hypo, 
or has been placed in a dish which has been used 
for fixing and not properly washed afterwards. 

Y ellow or Brownish Stain on the Margins and 
Whites of the I mage. These stains are 
caused by the oxidation products of the devel
oper in a highly-oxidized developer or in a 
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neutral fixing ba th in which developer from 
previously-fixed prints has accumulated . 1 They 
may also be caused by silve r which has been 
reduced in a very fin ely-divided sta te by the 
same process which leads to the formation of 
dichroic fog (§ 433) on negatives or t rans
parencies, when too warm a developer or a 
developer which is t oo rich in sulphite is used 
(particularly on gaslight papers) , or by attempt
ing to force the developmen t of an under-exposed 
print. 

In the first place the print should be bleached 
in a solution of permanganate containing hydro
chloric acid, viz.-

P otassium per manganate, 1 % solution 2 oz. ( 1 00 c.c. ) 

H ydrochloric a ciel • • . 1,\ el r. ( 10 c.c .) 

Water, to make • • • 20 oz. ( 1,000 c.c.) 

This destroys any colora tion due t o organic 
materials (ink sta ins, colouring matters, etc.). 
After a brief rinse, the prin t is redeveloped in 
full light in any developer and washed in severa l 
changes of wa ter. 

The same process conside rably reduces t he 
yellow fog caused by reduced silver, but in this 
case the t reatment given for t he removal of 
dichroic fog (§ 433) should be applied. 

Small Light Sp ots with Sharp Circular or 
Oval Outlines. Air bubbles adhering to the paper 
during development. The risk of a ir bubbles is 
considerably reduced if the paper is wetted 
before immersion in the developer by leaving it 
for at least one minute in a deep dish of water . 
In the case of rough papers, however, it is 
advisable to pass a wad of cott on wool or a 
large soft brush over the surface of the emulsion 
during this preliminary soaking. 

Black or Dark Spots . These spots often occur 
on a print which has been fi xed face downwards, 
and under which air bubbles have been im
prisoned. Access of the fixer is obstructed, and 
the developer absorbed in the gelat ine coating 
all ows development to continue in these parts. 

P owdery W hite Dep osit on the Dry P rints. 
The use of wash water containing much lime 
(in this case, finish off t he washing wi th a lit tle 
" soft " water, i.e. boiled or spring water); or 
the prints have been fixed in a bath containing 
alum in which precipitation of alumina has been 
caused by neutralization of the bisulphite. This 

1 Local staining by oxidation prod ucts of the devel 
oper can arise fro m parts of the image no t bei ng com
pletely immersed in t he fi xi ng bath . 

deposit of alumina will disappear if tIle print 
is left in a 5 per cent solution of anhydrous 
sodium carbonate for some time, and then 
washed in pure water. 

B loom or Bronzing of Shadows in an Old 
Print . Slow action of the hydrogen sulphide 
(which is always present in small proportions 
in the atmosphere of t owns) on the silve r of 
the image. The print should firs t be cleaned, if 
necessary , by gently rubbing it wi th a wad of 
cot ton wool soaked in petrol, followed by 
alcohol. It is then washed and sulphide- toned 
(§§ 587 to 592) , or bleached in t he hydrochl oric
acid-permanganate solution referred t o in the 
previous paragraph. Then wash, develop, and 
wash again in several changes of water. Treat
ment of prin ts with encaustic pas te renders 
them less liable to this disfiguring meta llic 
appeara nce in the shadows . 

Y ellow, Brown, or P urplish Spots appearing 
after Some Time on the F inished P rint. Such 
stains, whi ch arc caused by incompl ete fix at ion, 
may consis t of silver sulphide formed from the 
silver thi osul pha te left in the gelat ine, or may 
be due to colora tion, by ligh t, of the silve r 
chloride or bromide which has not been removed 
in parts of the coat ing, being protected from the 
ac tion of the fixer by air bubbles or by adherence 
of prints which have not been kept moving 
sufficiently during fixati on. 

Gradual B leaching of the I mage, Starting in 
the L ight T ones. F ormation of ye llowish-whi te 
silver sulphide (J. 1. Crabtree, 1920) , usua lly 
due to hypo left in the gelat ine by incomplete 
washing; sulphur deposited in the gela tine by a 
decomposing fi xing bath (milky bath) ; presence 
of hypo in the pulp of the cardboard on which 
the print has been mounted; act ion of a tmo
spheric hydrogen sulphide. It is someti mes 
possible to restore such prints as follows: CJean 
t hem wi th a tuft of cotton-wool soaked first in 
light petrol a nd then in a lcohol ; t hen place 
in a fi xing-bath containing a lum , and wash 
thoroughly . If the lights are slightl y stain ed 
brown or yellow by silver sul phi de as a resul t of 
the slow decomposit ion of the silver thiosulph ate 
remaining after bad fixation, they should be 
left for some t ime in a 2 per cent solut ion of 
potassium or sodium cyanide and again rinsed. 
Next, t reat the prints with the hydrochloric
ac id-permanganate solution mentioned in a 
previous part of the present paragraph , rinse 
briefly , and re-develop the image in full light , 
finally washing in several changes of water . 

620. Failures in Sulphide Toning. Y ellowish 

• 

• 
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T ones . The print has been insufficiently devel
oped, usually following over-exposure. Occa
sionally such photographs can be saved by gold 
toning (§ 593) . 

Weah Prints, especially in the L ight T ones . 
When bleaching with ferricyan ide, the print 
st ill contai ned a little hypo (insufficient washing) , 
th us forming a reducer ; or sulphiding has been 
carried out in a sulphide solution which was 
exha usted or oxidized and partially converted 
in to hypo. 

Blisters. The use of t oo strong a sulphide 

solution, or too prolonged treatment in a solu
tion of the usual strength, the gelatine being 
considerably softened thereby (§ 617). 

Blue Spots. Formation of prussian blue by 
the action of the ferricyan ide of the bleaching 
bath on particles of iron from water supplied 
in rusty pipes ; or , more rarely , on t he iron 
particles existing in the paper pulp or in the 
baryta coating. These spots may be removed, 
after sulphide toning and washing, by immersion 
in a very weak solution of ammonia, followed 
by brief rinsing. 



CHAPTER XLI 

PRINTING PROCESSE S BASED ON THE SENSITIVITY OF IRON SALTS 

62I. General Notes. The ferric salts of organic 
acids (oxalate, tartrate, citrate, etc.) are reduced 
to ferrous salts when exposed to light. P otas
sium ferricyanide is likewise reduced to the 
ferrocyanide by the action of light. A consider
able number of photographic processes based on 
these reactions were pointed out by Sir J ohn 
Herschel (1842) and have been perfected since 
then by numerous photographic workers. 

Any reagent which will differentiate between 
ferric and ferrous salts can be used to con vert 
the barely visible image formed by the photo
chemical reduct ion into an image which is very 
easily visible. The following table indicates 
some of the reagents commonly employed for 
this purpose-

Potassium fcrricyanide • • • 

reaction h as already been used in certain toning 
processes as applied to s ilver images (§§ 595 to 
60I) . 

Papers sensitized with the various iron salts 
are very susceptible to the influence of damp 
(fogging, loss of sensitivity, etc.), and should 
therefore be kept in a very dry atmosphere . 

Papers sensitized with iron salts are printed 
in daylight or by a powerful artificial light (arc 
lamps or mercury-vapour lamps). 

(a) THE FERRO-PRUSS [ATE PROCESS 

622. Industrial P apers for Copying Tracings. 
Ferro-prussiate papers and fabrics are used in 
considerable quantities for making " blue-prints " 
from engineers ' and architects ' tracings . They 

Ferric sal ts Ferrous sal ts 

Po tassi um ferrocyanide • • • 
Tannins, gallic acid. . • • 

• 

• 

Precipitate of Prussian blue 
Bluish·bla ck precipitate 

P recipitate of Pruss ian blue 
White precipitate 

-
p. naph thoq u i noncsulphonic a cid 
Si lver salts • • • • 

P latinurn , palladium salts , et c. • 

• • 

• • 

• 

-
-
-

Dro wn precipitate 
Black precipitate of reduced sil ver 
B lack prec ipitate o f red uced metal 

Gelatine, g um a rabic, e tc. • • Th e coll o id is rendered insoluble 

---------------------------~~------------------~-----------------------

In all cases where the differentia ting reagent 
gives a coloured precipitate with the ferrous sa lt 
only , the reagent can be mixed with the ferric 
salt before sensitizing the paper, the reaction 
then taking place partly during the exposure to 
light and partly in the first wash water (or in a 
common solvent of the salts used). A positive 
image is obtained in this way if the print is 
made under a negative. If the differentia ting 
reagent forms a coloured precipitate with the 
ferric sait, it should be used separately as a 
kind of developer in which the print is placed 
without intermediate washing. In this way a 
positive picture is obtained when the print is 
made under a posi tive. 

A large number of other processes have been 
suggest ed which make use of the ability of 
ferrous salts to reduce various metallic salts 
(copper, mercury, gold, etc.). There are a lso 
those processes which are based on the differen
tial actions of ferricyanide and ferrocyan ide on 
various metallic salts (uranium. etc.). This last 

a re manufac tured by continuous machinery by 
means of which the paper is superficially im
pregnated with a mixture of va rious ietTic salts 
and potassium ferricyanide . Such paper is su p
plied in rolls of 10 or 20 yd. in various kinds and 
of very differen t sensiti vit ies, the most sensitive 
papers being usually those which can only be 
kept in good condition for a short time. A good 
quality, freshly-manufactured paper is of lemon
yellow colour on the sensitive side. It gradually 
turns greenish -yellow, light green , and finally 
blue. It is then practically useless. It can be 
kept for an a lmost unlimited period in a per
fec tly dry atmosphere (metal cases with double 
bottoms containing desiccating materials). In 
a tightly-rolled spool the outer coils and edges 
deteriorate faster than the central parts of the 
inner coils. 

On exposure to light (chosen as strong as 
possible), the unprotected parts of the paper turn 
progressively a deeper and deeper tone of bluish 
or purplish grey, fin ally becoming metalized 

• 

• 
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with a silver-grey or bronzed appearance. If 
the exposure to light is considerably prolonged 
the exposed parts become lighter and lighter, 
while the incompletely protected regions darken. 
The image then appears reversed. l If this 
reversal is only partial, washing in water is 
often sufficient to restore the image t o its 
ordinary condition. On the other hand, various 
reagents can be applied which will restore the 
print to a normal condition. The more vigorous 
prints are usually those which have undergone 
sligh t reversal. 

Printing (the production of photo-copies) is 
carried out by exposing to the light the coloured 
surface of the sensitive paper, which has been 
placed in contact with the back of the tracing, 
the exposure being continued unt il t he lines 
appear of a greenish tint, and the ground is of a 
pale blue colour. If in doubt as to the appear
ance the print should present, a strip of the 
same paper should be simultaneously exposed 
to the same light under a tracing of the same 
colour and transparency on which a few lines 
have been drawn in indian ink; from time t o 
time a small piece of this test paper should be 
torn off and washed . When very large tracings 
have to be printed , or in an establishment 
which t urns out large numbers of prints, con
tinuous printing machines are used. In such 
machines, an endless belt carries the tracings 
to be printed, t ogether with a band of ferro
prussiate paper, round a glass half-cylinder, 
which is illuminated from the inside. The paper 
is washed by jets of water, arranged on the same 
or on a separate machine, and finally dried 
between endless canvas belts passing round one 
or more heated cylinders. 

When the washing is carried out sheet by 
sheet in a dish, it is advisable t o do so in three 
or four washings, taking about I O minutes in 
all. The first wash water, which very quickly 
becomes turbid with excess of salts, should be 
thrown away almost immediately . As large
sized dishes are usually required, they are 
generally made ot wood or wood lined with zinc, 
although the zinc is attacked in time by the 
salts removed from the paper. 

Unless the print is greatly over-exposed or 
reversed, the image appears in white lines on a 

1 This inversion seems to be due to the progressive 
redu ction of the ferricyanide (less sensitive t han the 
ferric salt) giving rise to a white ferrou s ferrocyanide 
which is easily brought back to the state of Pru ssian 
blu e by oxidi zin g agents or, m ore slo wly , by the 
s imultaneous action of air and water. 

blue background as soon as washing is com
menced. Water which contains large quantities 
of calcium salts causes t he formation of a 
deposit of yellowish basic iron salts on the image, 
and at the same time the image is weakened 
by their alkalinity , the weakening becoming 
more pronounced if the washing is prolonged. 
These defects may be remedied by carrying out 
the final washing in water which has been 
acidified with a little hydrochloric acid, which 
lightens the whites and strengthens the blues 
of the image . This acid must on no account be 
added to the first wash water, as it brings about 
formation of a general blue fog. H ydrochloric 
acid treatment and the treatments mentioned 
below cannot be carried out in zinc dishes, as 
the met al is very rapidly attacked. 

Over-exposed prin ts, in which the lines a re 
more or less strongly blued , and prints which 
have undergone reversal, in which the lines are 
darker than th e ground, may be restored to a 
normal condition by treating with an oxidizing 
solution (a very weak solution of hydrogen 
peroxide, eau de J avelle, potassium bichromate, 
persulphate, chlora te, etc., neutral or slightly 
acidified). Such treatment should be deferred 
unt il after the second washing a t least, and 
should be followed by washing in several changes 
of water. 

If no drying apparatus is available, the prints 
are hung on lines of cord or string, or are laid 
fla t on frames covered with canvas or wire 
netting. If the frames are fitted with the netting, 
the sheets should be dried face upwards, as 
contact with the met al destroys the image. 

Blocking-out is done with a paint-brush, using 
pruss ian blue water-colour. White lines are 
added with a pen dipped in a 20 per cent solution 
of neutral pot assium oxalat e, thickened with a 
little gum arabic (a 5 per cen t solution of oxalic 
acid can also be used, but it causes rapid corro
sion of the nibs) . P ar ts ret ouched in this way 
should be washed or a t least briefly rinsed (with 
the help of a sponge) , otherwise the blue colour 
is liable t o re-appear after a time. 

As perspiration is always alkaline, one should 
avoid touching the dry prints with moist hands. 
The hands can be conveniently dried with t alc 
powder if this is the case . 

Ferro-prussiate prints fade if exposed to bright 
light for a long time. They can be restored by 
keeping in the dark, especially if the atmosphere 
is damp. 

A large number of methods have been sug
ges ted by means of which ferro-prussiate paper 
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can be toned in various colours. The results 
obtained are usually disappointing. 

623. True-to-scale Process. A process origin
ated by F. and J. Dorel (1900) allows a relatively 
large number of copies (up to about 20) to be 
obtained from a ferro-prussiate print, the latte r 
being used immediately after its removal from the 
printing frame, and without washing. The lines 
are produced on a white base in greasy inks of 
any desired colour, and the prints are free from 
the distortions and deformations which occur 
when a paper is wetted a nd d ried . 

For the purpose a jelly paste is used (con
sisting of a strong solution of gelatine to which 
some glycerine, ferrous sulphate, ' ox-gall, an 
antiseptic, and a yellow or white pigment have 
been added) , which, after it has been melted on 
a water-bath, is run in a layer about -(" th in. 
th ick on t o a wooden slab covered with thin, 
well-stretched zinc which has been roughened 
with glass-paper t o facilitate adherence. When 
the jelly is properly set , it is ready for printing. 

The prints t o be used for the purpose should 
be made on slow ferro-prussiate paper sensitized 
with a comparatively concentrated mixture in 
which the ferric salt should be in excess, giving 
clean and vigorous images, while over-exposure, 
and especially reversal of the image, should be 
a voided. 

The print from the printing frame is carefully 
la id face downwards on t he surface of the 
gela tine mixture with one application, avoiding 
air-bubbles and creases ; good contact is assured 
by gently r \.lbb ing with a large pad of soft rags. 
After remaining for about a minute in contact , 
the paper is lifted off, a nd the gelatine q uickly 
inked over with typographic or copper-plate ink, 
spreading it with a gelatine roller of the type 
used in letterpress printing . The ink adheres 
only to the parts corresponding with the lines 
of the image. The markings caused by creases, 
breaks, or sta ins on the tracing can be cleaned 
off with a damp sponge if necessary . Printing 
should be done on a well-s ized paper, pressure 
being applied with a pad or a roller when the 
paper has been applied t o the in ked surface . 
After the paper has been removed, tile ink can 
be dri ed with powdered talc if the prin t is re
quired fo r immediate use . 

Normally, the gelatine is kept moist by the 

1 For occasional use, the addit ion of ferrous sulphate, 
a substance which oxidizes very rapid ly , to the jelly 
shou ld be avoided; when requi red for use, the gelat ine 
layer should be sponged over with a fresh solution of 
ferro us s ulphate (D. A . Spen cer, 1928). 

glycerine, and will not take the greasy ink. 
When the ferro-prussiate paper is applied, the 
excess of ferricyanide in the parts protec ted by 
the lines on the tracing is absorbed by the damp 
gelatine with which it is in contact, and, reacting 
with the ferrous salt , forms a blue line. The 
prussian blue, formed in this way, brings about 
tanning of the gelatine, which is then able to 
retain the greasy ink. 

Any corrections or alterations can be made on 
the image before it is transferred to the jelly. 
Lines which are to be erased can be covered with 
a solution of gum arabic ; parts of the design 
which require modification can be covered with 
a print from a rectified tracing, using suitable 
register ma rks. If desired, the prints can be 
made on tracing paper, in which case the ink is 
reinforced with powdered bronze, which only 
adheres to the inked lines. Transfer inks can 
also be used for printing in conj unction with 
special papers which allow of the inked image 
being transferred to stone or zinc by the ordinary 
lithographic processes; this method is used if a 
large number of copies have to be made . 

P rinting having been done, the jelly is washed 
with a wet sponge to remove the adhering ink, 
scraped with a putty knife, and re-melted, 
t ogether with a suitable proportion of fresh 
jelly, for use again. 

624. Printing on Ferro-prussiate Paper from 
Ordinary Negatives. The ferro-prussiate papers, 
as prepared for copying tracings, are, with the 
exception of the slowest varieties, not usually 
very sui table for making full-tone prints, a nd 
are only sold in quantities which are too large 
for ordinary photographic use, t here being a 
great risk of such papers deteriorating before a 
roll is fini shed. Nevertheless, use may be made 
of these papers for record purposes, the prints 
forming a kind of " register" of the negatives. 

The sensit izing of papers and fabrics (l inen 
and cotton ) by the ferro-prussiate process, in 
small quantities, can be carried out by the 
amateur very simply. The form ulae for sensi
tizing given below are suitable fo r obtaining 
vigorous, full-t one prints of good gradation, but 
such papers are very much slower than those 
obtained by the use of the formulae used in the 
manufacture of industrial papers. It should be 
borne in mind that the papers and fabrics sensi
tized in this way are only suitable for printing 
from vigorous but not excessively hard nega
tives . 

Any drawing paper or writing paper can be 
used for sensitizing, also coated papers (of the 
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quality used for collotype printing) and gelatine
coated papers (double transfer papers for the 
carbon process) . These last two kinds of paper 
give prints with more detail in the half-tones, 
but uncoated papers are usually preferred. 

Papers for personal use are sensitized with a 
mixture of potassium ferricyanide 1 and an iron 
ammonium citrate, using one of the two com
mercial varieties (brown or green). 2 Very much 
faster papers may be obtained with th e green 
citrate (about 5 minutes instead of 15 minutes 
for printing under a negative in the sun). The 
keeping qualities are only very slightly reduced, 
but the prints obtained are of a very much 
brighter blue (E . Valenta, 1897) . 

After making a series of experiments, we 
consider the following proportions and concen
trations to be the best for the purpose of com
pounding sensitizing solutions with green and 
brown citrate respectively'-

P otassiulll ferri cyanide . 700 gr. (80 grm.) 

Ferric ammon ium citrate 
(green) . . . T, 600gr. (ISogrm. ) 

\Vater, to make • • 

Potassium fcrr icyanide . 

F erri c ammonium c itrate 
(brown). . . 

\ Vater, to make 

20 oz. (1,000 c.c.) 

I oz . (50 gnn .) 

830 gr. (95 g rm .) 

20 oz. ( 1 000 e.c) . 

Of the two papers prepared in this way, that 
made with the green citrate is more suitable for 
use with vigorous negatives than that prepared 
with the brown variety . 3 

1 Crystals of fcrricyanicle should always be rinsed to 
fr ee them from the ycllmvish coating with which they 
are usually covered. 

2 The iro n ammonium citratcs ar~ comp ounds which 
are not crystallizable under the lIsual cand itions of 
man ufacture, and arc sold either as standardized 
syrupy so lutions, or in the form o f scales, prepared by 
the evaporation of the said solu t ions spread o ut in thin 
layers in d ishes. The dry products arc very d eliq uescent, 
and their solutions are very liable to grow mould. The 
addit ion of s mail quantities of sod ium formate im
proves tllCir keeping qualit ies; a p icco of camphor can 
also be floated on the solution with the same result. 
The scales of the two comp ounds have the average 
composition : gyeen (C,H ,O,),l'e,(NH,),; byown 
(C,H ,O, ) ,H ,l'e,(OH),)(NH.),3H ,O. 

3 The ratios of the opacities of a negative yielding 
a just p erceptible blue dep osit a nd that producing a 
blue of maximunl depth (measured after the prints 
have been washed) are 47 : I and 34 : I respectively 
for green a nd brown c itra te . The addition of a small 
q llantity of bichromate to the sens itizing mixture 
allows of soft negatives being printed. 

, 

The sensitizing solution is most easily 1 applied 
to the paper with a brush consisting of a wad of 
cotton wool fixed on tb e end of a glass tube by 
a loop of thread passing up the tube and fixed 
at the other end, e.g. with a cork. The solu
tion is distributed over the sheet of paper as in 
applying water-colours, the paper being fixed 
to a board or a piece of stout cardboard which 
is inclined a t an angle of 30°. (The paper may 
be fixed with clips, but pieces of cork or card
board should be interposed so as to avoid any 
contact of the sensitizing solution with the 
metal.) The sensitizing should be done in very 
weak or artificial light, using a clear solution 
prepared immediately before use. The sheets 
are put to dry forthwith, hanging them on tightly 
stretched lines in a room from which dayJight 
is excluded. Care should be taken to prevent 
the drippings s taining clothing or fl oor coverings. 

The considerable falling-off in the depth of 
the image which occurs during washing should 
be taken into account when printing. 

If required, a ferro-prussiate print may be 
drawn over with pencil or indelible ink, the 
image being then removed by immersing it in 
an approximately 5 per cent solution of oxalic 
acid, followed by washing in several changes of 
water. The same solutions can be used for 
sensitizing fabrics (linen or cotton) by immer
sion. The working methods are identical: the 
fabric should be stretched during dry ing, and, 
a fter printing and washing, should be ironed 
while slightly damp. 2 

(b) OTliER COMMERCIAL IRON-PRI NTI NG 

PAPERS 

625. Cyanotype Paper. Cyanotype paper (H . 
Pellet, 1878) yields copies consis ting of blue 
lines on a white ground when prin ted under a 
tracing. This paper, which is impregnated with 
a mixture of ferric salts and gum arabic, has a 
sensitivity comparable with that of the fastes t 
ferro-prussiate papers, and, consequently, can 
only be handled in a very weak light. As the 
image is only slightly visible before development 

1 The paper may b e a lso floated on the sensitiz ing 
solution, but for this p urpose a large excess of solution 
must be made up, and such a solution does not keep 
in good condition fo r very long. 

2 Linen and cotton fabrics which have been " mor
clan t ed " by the formation of a ferro-prussiate image 
can be d yed qui te easily. F or example, a beautiful 
v iolet purple tone is obtained with a bath of boiling 
alizarine dye. The image should then be washed in 
hot soap a nd water, rinsed , lightly starched, and 
ironed . 
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(light yellow lines on a white ground), the print
ing is timed by means of trial strips exposed 
under a tracing of the same opacity on which a 
few lines have been drawn in indian ink, these 
test s trips being developed one by one as' 
printing proceeds. 

The print is developed without intermediate 
rinsing as soon as it has been removed from 
the printing frame, the paper being floated on a 
ro per cent solution of potassium ferrocyanide 
(yellow prussiate of potash). 1 The time of 
development should not exceed about 30 seconds, 
otherwise the lines t end t o spread. If placed in 
the developer, a sheet of unexposed paper would 
become uniformly blue, whilst a sheet which 
had been unifo rmly exposed to the sun for a 
few moments would remain white. Under
exposure is therefore shown by colouration of 
the ground, a nd over-exposure by a lack of 
depth of the lines. Care should be taken to avoid 
wet ting the back of the paper during develop
ment ; the four sides of the sheet of paper are 
turned up so as t o form a kind of dish, which is 
floated on the bath, the hands being gently 
passed over the back of the paper t o ensure 
uniform wetting at the under surface . 

After a short wash, the prints are fixed in a 
4 per cent solution (by volume) of sulphuric 
acid 2 or a ro per cent solution of hydrochloric 
acid. This bath dissolves the gum which has 
not been rendered insoluble, a nd at the same 
time washes away the white fe rrous ferrocyanide 
formed in the lines of the image, and which 
would gradually turn blue on oxidation. Wooden 
dishes lined with gu t ta-percha are generally used 
for this acid bath. The final washing should be 
done with a strong jet of water, or , if t he latter 
is not available, the print should be brushed 
under water to dislodge particles of gum arabic 
not removed in the acid bath. 

Cyanotype paper is useless for printing from 
full-tone negatives. 

626. Ferro-gallic Papers. Ferro-gall ic paper 
(A. Poi tevin, r 86r) gives copies in purplish-black 
lines on a ligh t ground when printed under a 
tracing. Its preparation differs very little from 
that of cyanotype paper, but the coating is 
slightly less sensitive. Printing is timed with the 
aid of test strips, developed as printing proceeds. 

1 Potass iu m ferrocyanide, K,Fe (CN}" occurs as large 
lemon-yellow crystals, easily broken up or crushed with 
very sligh t p ressure. They are slightly efflorescen t , very 
solub le in water (about 25 p er cent at 60 ' F.) , the 
sol ution so formed keeping allllost indcfl!1itc ly. 

2 See § 364 (footnote) fo r caution resp ecting mixin g 
sulphuric acid. 

Development is carried out , without inter
mediate rinsing, as soon as the paper is taken 
from the printing frame, by fl oating it on a bath 
made up, for example, as follows.-

Ordinary alum • 

Gallic acid • • 

Water, to make • 

• 

• 

• 

130 gr. (I S gnn.) 

90 gr. (10 grm. ) 

20 oz. (1,000 gn n .) 

The gallic acid may be replaced by tannin. 
A very small quantity of oxalic acid may be 
added t o obtain purer whites. Development 
should last about three minutes. Under-exposure 
causes t he lines of t he image to spread , the 
ground becoming deeply coloured; with over
exposure the lines are b roken and faint . Th e 
ground is always t in ted a ligh t violet colour. An 
exhausted bath gives only a very weak image. 
The developed print is washed in several changes 
of water ; a very dilute bath of hydrochloric acid 
used between two washings will often lighten 
the ground of an under-exposed print. 

The copies should first be dried as much as 
possible by pressure between blotting paper , 
otherwise t he lines tend to spread while drying. 

Papers which are developed by treatment with 
gallic acid, are gradually being abandoned in 
favour of the so-called " water-bath" papers, 
which only require washing in plain water. 
\iVith such papers, t he gallic acid necessary fo r 
development is applied, with polish ing brushes, 
as a very fine powder on the surface of the sensi
tive layer as soon as the latt'er has been dried. 
The first washing must then be carried out in a 
fairly small quantity of water so as t o avoid 
excessive dilution of the very small quantity of 
gallic acid adhering t o the paper. 

Ferro-gallic papers are not suitable for print
ing from full-tone negatives . 

(e) SILVER-IRON PRIN TING P A PERS 

627. Sepia Photo-copying Papers. "Sepia " 
paper (H. Shawcross, r889) , which is prepared 
by soaking thin t ranslucent paper in a solution 
containing iron ammonium citrate, citric acid, 
and silver nitra te, is widely used for ma king 
copies from t racings . Such copies, in white lines 
on a brown ground, m ay be used as negatives 
for making prints on ferro-prussiate paper. In 
this way it is possible to obtain copies in blue 
lines on a white ground with the latter paper. 
In t his case printing is done by exposing the 
sensitive surface of the" sepia" paper in contact 
with the side of the tracing bearing the design, 
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while the blue print is made with the sensitive 
surface in contac t with the image side of the 
negative. 1 

The keeping properties of " sepia" paper are 
determined principally by the deterioration of 
the paper support , the mechanical resistance of 
which is very q uickly reduced, especially at high 
temperatures . 

During the exposure to light, the image 
appears gradually, and the printing can thus 
be judged by inspection. On removal from the 
printing frame, the paper is placed at once in a 
2 per cent solution of hypo, in which it is allowed 
to remain for about five minutes; it is then 
washed in several changes of water. Although the 
image does not appear very opaque, it absorbs 
nearly the whole of the radiat ions to which ferro
prussiate paper is sensitive ; its effective opacity 
is thus very much greater than its apparent 
opacity. 

A more opaque image may be ob ta ined by 
replacing the above-mentioned fixing solution 
by a IS per cent solution of crystallized sodium 
sulphite or a 7 '5 per cent solution of anhydrous 
sodium sulphite (R. Namias, I90I ). Such treat
ment, however, being more expensive, is not 
generally used. 

Sepia paper negatives, made from tracings, 
are occasionally used for process work . 

628. Local Sensitizing of Papers (Notepaper, 
Menus, etc.). Sensit izing solutions for use with 
a brush have been put on the market from time 
to time for the local sensitizing of drawing 
paper, Bristol-board, or notepaper; these solu
tions are practically identical with the sensitizing 
mixture given above. As an example, the 
formula of such a mixture is reproduced here, 
according to the analysis of a commercia l 
preparation (E. Valenta, I899) . 

Dissolve separately-
F e rri c ammo nium citrate 

A green) . • 2 0 Z. ( IOogrm. ) 

Dis tilled w ater, to make . 20 oz. ( 1, 0 00 e. c.) 

Silver n itrate • . 1.220 gr. ( 1 4 0 grm. ) 
B 

Dis tilled water, t o make 1 2-1 6 oz. (600-800 c.c.) 

1 As a ro ugh ind ication, the approxim ate relative 
times of e.rpOSHYe w hich are required to give prints o n 
the various t yp es of co mmercial papers used for the 
copying o f tracings are given below-

Cyanotyp e paper . . 
Ferro-pruss iate paper . • 

:Ferro-pruss iate fabrics . • 

v e rro-gallic pap er (water bath ) . 
Sepia pap er . . . • 

• TO 
JO- 5 0 

• 25 
· 40 - 50 

• 25 

Add pure ammonia solution drop by drop to 
solution (B), shaking continuously, until the 
brown precipitate first formed is re-dissolved. 
If an excess of ammonia, which can be easily 
recognized by its smell, has been added in this 
way, the mixture should be rendered odourless 
by adding very dilute sulphuric or citric acid 
drop by drop. 

The two solutions are mixed in the dark, and 
the sensitizer prepared in this way should be 
kept in the dark until required. 

For printing from somewhat weak nega
tives, a few drops of a 5 per cent solution of 
potassium bichromate may be added to t he 
mixture. 

The solution is applied with a brush (the 
brush should not be bound with metal of any 
kind) on the parts to be sensitized, using it 
either plain or after it has been thickened, just 
before use, by the addition of a little freshly
prepared starch or arrowroot paste. 1 Fabrics 
should be sensitized preferably by immersion, 
after the liquid has been thickened with a little 
solution of white dextrine. 

Sensitizing should be carried out in a very 
weak light or in artificial light . Drying is done 
preferably in complete darkness. The sensitized 
sheets may be kept for several days in dry 
weather, or very much longer in a desiccated 
atmosphere. 

Printing is done in bright daylight; the 
greenish tint of the sensitized parts allows of 
their being easily located . When the image has 
attained a slightly greater depth than t hat 
finally required, it is fixed in a 3 t o 5 per cent 
solution of hypo to which about I t o 2 per cent 
of anhydrous sodium sulphite has been added. 
After remaining five minutes in this bath, it is 
thoroughly washed. The sepia tone obtained 
in this way may be m odifiecl before or after 
fixation by toning with gold, this process also 
improving the permanence of the image. 

629. Kallitype and Imitation Platinum Papers. 
Soluble ferric oxalate is reduced to the insoluble 
ferrous oxalate by the action of light. The latter 
salt is a powerful reducing agent but, by 
reason of its insolubility, it is unable to red uce 
silver salts unless a solvent of this salt is added 
in the form, for example, of a concentrated 
solution of alkali oxalates or tartrates. 

1 Starch paste is prepared by lnixing the s tarch with 
a very little water until a kind of nlilk is obtained 
which is then poured i nto bo ili ng water. After bo iling 
fo r a few minutes, it is allowed to cool, and the skin 
w hich is formed on the surface removed . 

• 
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This react ion may be used in three different 
ways 

1. The paper is sensitized with ferric oxalate; 
the image is developed with a solution containing 
both the silver salt and a solvent of the ferrous 
oxalate. 

2. The paper is sensitized with ferric oxalate 
to which a silver salt has been added. The 
image is developed with a solvent of ferrous 
oxalate (KaUi type paper). 

3. The paper is sensitized with a mixture of 
ferric oxalate, a silver salt, and a la rge excess of 
alkali oxalates. The image is developed in plain 
water by immersion or by steaming (imitation 
platinum paper; E . Boivin, 1891). 

Vlfe will con fine ourselves in this instance to 
indicating the method of preparation and the 
use of a K allitype paper, according to a modi
fication (N . C. H awks, I 9I6) of the original 
working methods of W. W. J. Nicol (I 890) . 

A good quality drawing paper is given a 
supplementary sizing of starch , a rrowroot , or 
ge latine (the paper being floated on a I'S per 
cent paste or solution); when dry, it is coated 
with the following sensitizer by means of a soft 
brush ' 

Ferric oxalate . • • 4! oz. (2 25 grm.) 

Neutral potassium oxalate . 500 gr . (55 gnn.) 

Sliver nitrate • • 

D istiHcd water, to make 

• 

• 

500 gr. (55 grm.) 

20 oz. (1,000 c.c.) 

After drying, it is exposed to daylight un til the 
outlines of the shadows are visible. 

According to circumstances, a 2 per cen t 
solution of potassium bichromate is added to 
the developer given below. This permits of the 
contrast of the print being regulated as required 
within wide limits, the contrast being inCl'eased 
as the bath is made richer in bichromate (medium 
q uan t ity; 30 minims per I OZ. of bath (6 c.c. 
per 1 00 c.c.) ). 

Borax • • • 

Sod ium t a rtrate • 

\ Varm water 1 to make . 

• 

• 

• 

I oz . (S o grm. ) 

525 gr. (60 grm.) 

20 oz. (1,000 grm.) 

The sodium tartrate may be replaced by 
Rochelle salt. 1 The developer prepared in this 
way gives black tones; warmer tones may be 
obtained by reducing the quantity of borax ; the 
addition of a few drops of phosphoric acid 
produces a purple tone. 

1 T he double tartrate of sod iu m and p otassium. 

Development may be carried out in two 
baths, one containing the average quantity of 
bichromate, the other containing none (or very 
lit t le) . Development is begun in the first bath 
and continued in the second if the contrasts 

• seem exceSSl ve . 
After development, wash for two minutes in 

plain water, and fix in a very dilute solution of 
hypo (about 3 per cent), made alkaline by the 
addition of a few drops of ammonia (being 
ext remely dilute, the fixing bath should be 
renewed very frequently). Afterwards, wash in 
five or six changes of water, press between 
blotting paper, and put to dry . 

The prints obtained in t his way may be 
treated with any of the t oning baths which are 
used for silver print-out papers. 

(d) PLATI NUM-IRON Prn NTI NG PAPERS 

630. Platinum Papers. P ictures consisting of 
reduced metallic platinum may be ob tained by 
methods similar to those indicated in the two 
preceding pa ragraphs by using potassium chloro
platinite instead of silver nitrate. The com, 
mercial "platinum" papers are similar t o 
kalli type paper in that they contain the ferric 
oxalate and the chloroplatinite and require to 
be developed in a solution capable of dissolving 
the ferrous oxalate formed (W. Willis, 1878) . 

Platinum prints, apart from the pigmentary 
quality of the image, which is not covered by 
any glossy coating, have the rare quality of 
being entirely unaffec ted by all the usual 
destructive reagents, that is, as long as the paper 
forming the support is able to resist them. 
Thus, platinum prints have been recovered 
intact from a sunken ship which was re-floated 
after several years. Unfortunately, the ex
tremely high price of platin um considerably 
restricts the use of this fine printing process. 
" Palladium" papers, with a lmost identical 
properties, have been used for some time, but 
even this metal reaches prohibitive prices . 

Platinum papers are generally supplied in 
two kinds, giving black and sepia tones respec
tively ; each kind is obtainable on various t ypes 
of support, thin or thick, smooth or rough. 

Platinum papers are extremely susceptible to 
damp, and are therefore usually supplied in 
metal tubes which have been hermetically 
sealed after desiccation: when the original 
package is opened, the unused sheets should be 
kept in a dried atmosphere, for example, in a 
tin fitted with a double bottom containing 
drying materials. 
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Platinum papers are only sui table for making 
prints from negatives of fair vigour but not 
excessive in this respect . 1 

Owing to their high sensitivity, platinum 
papers should only be handled in a very weak 
light , both when filling and emptying the 
printing frame, as well as when examining the 
progress of printing. 

The sensitive surface of the paper is of 
lemon-yellow colour; the image appears as 
purplish-grey, inclining to a light orange-brown 
in the densest parts of the shadows when fu lly 
printed. No details should be visible in the 
high-lights. 

Various toning processes have been suggested 
for platinum prints 2; the t oned images, however, 
no longer possess those qualities which dis
tinguish a print on platinum paper, and at the 
same time are not of undoubted permanence. 
For these reasons the processes will not be 
described . 

631. Use of Black-tone Platinum Papers. It 
is advisable to develop the prints almost im
mediately after they are taken from the printing 
frame. If development is deferred for a few 
hours the papers should be kept away from 
damp. 

Development may be done in either a hot or 
a cold solution; printing should not be carried 
quite so far for hot development. 

Development is carried out in weak dayligh t 
or in strong artificial light. 

Extreme cleanliness should be observed 
throughout the operations. Glass dishes should 
preferably be used, as they are the only kind 
which can be properly cleaned; for hot develop
ment, an enamelled iron dish, free from cracks, 
and kept solely for the purpose, may be used . 

Two formulae for developing baths are given 
below·-

J-IOT DEVELOPJI,"l ENT (roo- 180° F.) 

Neutral p otassium oxalate. 6 oz. (300 gr m.) 

Oxali c acid . . . 45 gr. (5 grm.) 

\Vater, to make . • • 20 oz. ( I, OOO c.c.) 

To be used without dilution. 
1 Failures have been known t o occur when platinum 

p a p ers have bee n used for m aking prints from negatives 
wh ich have been intensified with mercury (light marks 
appearing t o correspond with a local clensit ization) . 

:! Uran ium t oning (and similar processes) of platinul11 
p rints is n ot effected by attack of t he platinum, as 111 
silver im ages, the platinunl remai ning una ltered in the 
toned image, having 1l1erely played the par t of a 
cat a lyst in the d eposition of the coloured ferrocyanide 
(A. v on Hu bl, I 895). 

COLD DEVELOPMEN T (60°-70° F .) 

Neutral potassium oxalate . 2,/: oz. (I4 0 grm.) 

Di-sodium phospha te . · ' 75 gr. (20 grm.) 

Oxalic acid • • • 45 gr. (5 gnn .) 

\ Vater, t o make . • • 20 oz. (r ,000 c.c.) 

For use, dilute with an equal volume of water. 
Hot development is almost instantaneous; 

cold development. takes about one minute. No 
harm will be done if the immersion in the bath 
is prolonged, as the development ceases of its 
own accord when the ferrous salt, formed by 
the action of light, has reduced the equivalent 
q uan tity of platinum. 

In point of fact, the hot-developmen t process 
has now been practically abandoned, and is 
only used for the treatment of papers which are 
required to give sepia tones. 1 

The dry print is usually floated face down
wards on the solution. In order to do this, it is 
taken hold of by two opposite corners, so as to 
give the sensitive side a pronounced convex 
curvature. It is then lowered on to the surface 
of the liquid, and, when the lowest part of the 
paper is in contact with the solu tion, the two 
hands are gently lowered and the print released. 
After a few moments, it is raised from the bath 
to dislodge any air bubbles if necessary. 

Various modifications may be brought about 
in the character of the image . The addition of 
a little potassium bichromate t o the developing 
bath increases the contrasts of the picture, 
principally by stopping the development of the 
light tones, and so making it necessary to push 
development a little furth er. On the other hand, 
the addition of glycerine to the developer con
siderably retards the building-up of the image, 
and can therefore be used to arrest development 
of an over-exposed picture before completely 
developed. This proper ty of glycerine is parti
cularly useful for the locali zed control of 
development (A. Maskell , 1892) . 

Instead of immersing the print in the devel
oper, the operation can be performed with a 
brush, after the printing has been continued 
until the lightest tones are visible. The following 
solutions are placed in four small glass jars. 

1 Sepia tones may b e obtained o n black-tone papers 
by adding to t h e h ot d eveloping solution about a t enth 
o f its volume of a 5 p er cent solution of mercuric 
chloride, and keeping the cloudy liquid so obtain ed in 
constant m ove ment. The tones obtained in this way 
a re n ot usually so fine nor so uniform as those given 
d irectly by t h e sp ecial p apers in which the m ercury 
salt has been incorporated with the sensitizing mixture . 

• 
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(a) Pure glycerine. 
(b) A mixture of 4 parts of glycerine and I 

part of cold developer. 
(c) A mixture of equal volumes of glycerine 

and developer. 
(d) Plain developer containing no glycerine. 
One or more brushes are kept for each jar. 
The print is fastened on a board with drawing-

pins, or pressed on to a glycerined sheet of glass, 
and is first of all uniformly coated with glycerine, 
the excess being removed with blotting-paper. 
Guided by a print from the same negative and 
by the rough outline of the image produced by 
exposure to light, the whole of the print is first 
covered with t he developer containing the most 
glycerine; the picture comes up very slowly . 
Development is retarded in the parts to be 
obtained of less depth by covering them with 
pure glycerine, while development is accelerated 
in the parts which require strengthening by 
covering them with developer containing 50 
per cent of glycerine, or with developer contain
ing no glycerine, after the liquid already im
pregnating the print has been removed with 
blotting paper. 1 Immediately the desired result 
has been obtained the print is quickly transferred 
to the fixing bath. 2 

632. Platinum prints are fixed, without inter
mediate rinsing, in several successive baths of 
weak hydrochl ori c acid (containing 2~ drams of 
pure concentrated acid per 20 oz. of bath: 
IS C.C . per litre ; the quantity of acid is reduced 
to about I t drm. (10 c.c.) in the case of sepia 
prints), the iron and pla tinum salts being removed 
by these baths. The prints should remain about 
five minutes in the first bath, then 10 minutes in 
the second, and IS minutes in the third. A num
ber of prints may be fixed in the same baths, 
either simultaneously or successively. If the 
operations have been carried out correctly, th e 
third bath should remain colourless (pure hydro
chloric acid is perfectly colourless) . If, however, 
the third bath does not remain colourless, a 
further additional bath should be employed. 

As soon as the third bath becomes coloured 
to any extent, it should be replaced by a fresh 
bath, the old one being then used as the second 
bath, while the solution which was originally 
the second becomes the first bath. During fixa-

1 Use white sheets of blotting paper, free from fluff, 
which h ave becn cut b eforehand to the required size, 
and which can be thrown away after use. 

2 Double-tone effects Illay be obtained if desired by 
us ing a developer to which so m e mercuric chloride and 
glyceri ne have been added on certain parts of the p icture 
(e.g. fle sh tones in the case of a p ortra it) . 

tion the paper loses its original yellow colour 
and becomes perfectly white. 

After fixing, the prints should be washed for 
about IS minutes, the water being renewed 
four or five times; they can then be put to dry; 
they should not be pressed between blotting 
paper, as this occasionally causes stains. 

Old prints on platinum paper which have not 
been properly fixed often turn yellow owing to 
the presence of a residue of platinum and iron 
salts . Such prints may be restored by washing 
them afresh in hydrochloric acid, followed, after 
a short wash, by immersion in a 5 per cent or 
10 per cent solution of ammonium oxalate. Such 
an eventuality can be completely avoided by 
treating the fixed prints before the final washing 
with a similar oxalate bath (R. J acoby, I90r); 
fixation can even be done in baths of ammonium 
oxalate or citrate alone, i.e. without hydrochloric 
acid . 

633. Sensitizing Papers for Platinum Printing. 
The preparation of platinum papers having 
similar characteristics to the commercial papers 
does not generally yield good results in the hands 
of an amateur. Further, such papers possess 
bad keeping qualities, and must therefore be 
prepared in very small quantities at a time, 
which makes the accurate weighing-out of small 
amounts of the materials of the sensitizing bath 
a delicate matter. 

H owever, the sensitization with ferric oxalate 
of a paper which is to be developed with a 
solution of potassium oxalate containing potas
sium chloroplatinite does not present any 
particular difficulty . The method given below 
is due t o W. S. Davenport (1900). 

A smooth or rough paper, according to the 
size of the prints to be made, is chosen. Papers 
intended for water-colour drawings should pre
ferably be used. Alth ough such papers are 
already sized, it is a good plan to apply an 
additional sizing in order to conf1l1e the image 
to the surface of the paper. If this is not done, 
the image is partially buried in the substance 
of paper itself. 

Put 70 gr. (8 grm.) of white gelatine to swell 
in about 20 oz. ( I litre) of water, melt on a 
water.bath, and add about 17 gr. (2 grm. ) of 
ordinary alum, filtering, if necessary , through 
closely-woven cloth. Pour the hot liquid into 
a dish, and float the paper face downwards on 
the solution after marking the back of the paper 
with a pencil. If necessary, the bath should be 
warmed up from time to time, so as to avoid 
over-sizing the paper, in which case there would 
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be a risk of the image not adhering to it. After 
a few minutes in contact with the solution, the 
paper should be allowed t o drain and then put 
to dry away from dust. 

The sensitizing solution should be prepared 
in weak daylight or in artificial light. F or this 
purpose the following should be dissolved-

F erric oxalate scales • • t oz. (25 grm.) 

Oxalic acid • • • • 18 gr. (2 grm.) 

Lead oxalate 1 • • • 9 gr. (1 gnn.) 

H ot d istilled water , to m a ke • 2 oz. ( 1 00 c.c .) 

The solution is then decanted or filtered, to ge t 
rid of small quantities of undissolved lead 
oxalate if present. 

The image will adhere to the paper more 
easily if a very little potassium chloroplatinite 
is added t o the sensitizer, viz., in very much 
smaller amount than that required t o form a 
plat inum image. F or example, about 40 minims 
(I c.c.) of a 10 per cent solution of potassium 
chloroplatinite (10 gr. dissolved in 100 minims 
of water) can be added to 400 minims (10 c.c.) 
of the sensit izing m ixture given above. By this 
method very soft pictures can be obtained from 
contrasty negatives . The contrasts of a picture 
can be increased by adding to the same mixture 
a few drops of a 10 per cent solution of potassium 
bichromate. When coating rough papers, which 
tend t o absorb a larger quantity of liquid, the 
sensitizing solution m ay be slightly diluted. 

The sensitizer, contained in a small cup, is 
spread over the paper with a large brush (this 
should not have any metal binding) in the same 
way that a flat wash t int is applied to drawing 
paper. The paper should be dried fairly quickly; 
it should be allowed to remain in the atmosphere 
of the room for about 20 minutes, drying then 
being finished off by hanging the paper near a 
stove or heater. 

The precautions t o be observed for the 
storage of papers and for the filling of printing 
frames are the same as for commercial platinum 
papers. When printed, the image is much less 
visible, a nd it is only by experience tha t one is 
able to judge what the appearance of the image 
should be when correctly printed. 

1 The lead oxalate, which is necessary t o a id the 
red uction of the p latinum salt , should be prepa red 
by mixing equal v olumes of a 1 0 per cent solution of 
lead acetate and a 4 per cent solution o f ox alic acid ; 
a white precipitate of lead oxalate is formed , which 
should be collected on a filter, washed several times, 
and then allowed to dry. 

The developer is prepared by adding one part 
of a 10 per cent solution of potassium chI oro
platinite to 10 parts of a mixture such as the 
following-

Neutral potassium ox alate 

Di-sod iu m phosphate • 

"Vater, to make • • 

• 

• 

4 oz. (200 grm.) 

I oz. (50 grm.) 

· 20 oz. (1000 c.c .) 

Some precautions should be t aken to ensure 
uniformity of development, especially if only 
a very small quantity of liquid is used. A 
soft, preferably camel-hair, brush, about I in. 
to I ! in . wide, should be used for the smaller 
sizes, while a 2 in. brush is essential for the large 
sizes. It should be moved over the picture 
with a quick, light movement, dipping it in the 
developer for each stroke so as to ensure an 
equal and uniform action of the solution. 

As soon as the print is uniformly impregnated , 
it is left until development is complete . 

Fixing and washing are carried out as recom
mended fo r the commercial papers. 

634. Recovery of Platinum Residues. The 
extremely high cost of platinum renders it neces
sary to recover the platinum remaining in the 
developing and fixing baths as well as that 
contained in wast e sheets and trimmings. The 
directions given below are t aken from a circular 
published in 1920 by the Platinotype Co. 

Clippings of unused paper and prints which 
have been discarded during development should 
be fixed in the old acid baths ; prints which have 
already been fixed should be dried and inciner
ated, the ashes being placed in the vessel con
t aining the used developing and fix ing baths. 
(The black deposit which sometimes appears 
on the dishes used for developmen t consists of 
platinum and should also be recovered.) 

The accumulated liquid should first of all be 
neutralized by adding to it about I /20th of its 
volume of a I S per cent solut ion of anhydrous 
sodium carbonate, in small quantities and with 
constant stirring. Then a volume equal to that 
of the carbonate of a 2'S per cent solution of 
hydrazine sulphat e (prepared with hot but not 
boiling water) should be slowly added t o the 
mixture, and the whole stirred three or four 
times for the first half-hour. The liquid soon 
becomes cloudy , depositing platinum slightly 
contaminated with iron salts. Allow to stand 
for at least four days, so that the platinum can 
settle to the bottom of the vessel. The greater 
part of the liquid is then siphoned off, taking 

• 
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care to avoid carrying over any of the precious 
metal. The remaining liquid is st irred up to get 
the platinum into suspension and is then poured 
on to a filter resting in a funnel, which should 
be placed in a bottle, so as to catch the platinum 
in case the filter breaks. When dry, the filter 
should be kept for further use. 

When an appreciable quantity of platinum 
has been collected in this way, the filter should 
be dried and folded so as to enclose the platinum. 

Never attempt t o sell precious metal resid ues 
in very small quantities, as the cost of refm ing 
them represents a very appreciable proportion of 
the total value of the metal. 

• 

• 



CHAPTER XLII 

PIGMENT PROCESSES 

(a) THE CARBON PROCESS: GENERAL 
CONSIDERATIONS 

635. Advantages of the Carbon Process. The 
carbon process is unquestionably the most 
beautiful printing process that a photographer 
can employ when he is not aiming at a personal 
modification of the negative. It is one of t he 
most flexible in regard to choice of colour and 
of cont rast. It is also one of the few photo
graphic processes which yield practically per
manent images, and on any type of support at 
the choice of the photographer. In addition, 
it is one of the easiest processes to work. There 
exists a fixed opinion in the minds of those who 
have never worked this process that it presents 
innumerable difficulties and so is very little 
used. The absence of competition amongst the 
few manufacturers of materials, and the very 
limited markets, result in papers for carbon 
printing being sold at relatively high prices. 
But the cost ought not to exceed m aterially 
that of bromide papers. This naturally acts as 
a deterrent to the more general use of carbon 
printing. 

636. Action of Light on Bichromated Gelatine. 
When gelatine is impregnated with a bichromat e, 
dried in a current of air, and exposed to light, 1 

a brown image is formed on a yellow ground. 
It can then be ascertained that the parts which 
have darkened to a brown tint have lost their 
solubility in warm water; or, a t least , can only 
be dissolved in water much hotter than th at 
which would dissolve those parts which have 
been protected from the ac tion of light. The 
property of swelling in cold wate r is also very 
much reduced in the exposed parts. 2 Under 

] The radiations most active on bichrOlnated gelati ne 
are from 2.000 to 4.000 A.U. (the rad iations less than 
3.500 A. U. do not come into action as they a re absorbed 
by the glass of t he printing frame and by t he supports 
of the. negat ives). sensitivity then decreasing s lowly and 
reachlllg zero at about 5.750 A.U. (R F. l{eed a nd 
P. W. Dorst. r 932) . 

2 In the presence of any organic lnattcr the bichro
mate is decomposed by exposure to light into neutral 
chro ll1 ate-wh~ch is elilninated in the later washing
an~ brown OXIde or chrornochromate 1n Cr 203' nCrOa, 
whIch by s ubsequent washing is decomposed into 
chromic ac id e r0 3 , carried away by the water, a nd into 
green oxide of chromium Cr20 3• which co mbines with 
the gelatine and effects the tanning action . In the 

normal conditions the proportion of chromi um 
oxide in combination with the gelatine is m uch 
greater than that which combines with gelatine 
tanned by immersion in a solution of chrome 
alum (Lumiere and Seyewetz, 1905). 

While in a liquid condit ion, or even when 
semi-liquid in the form of a jelly, bichromated 
gelatine will only darken after an exposure to 
light lasting several days. 

The sensitiveness is so sligh t t hat it can be 
regarded as non-existent. 

Bichromated gelatine which has been dried by 
bemg kept for several days in a box in which 
the air has been dried by lumps of fused calcium 
chloride, although it may still retain as much as 
5 per cent of water, has largely lost its sensitive
ness, and has, in addition, become very brittle. 

Bichromated gelatine gradually becomes in
soluble if kept in the dark. This insolubilization 
is much more rapid and much more complete 
when the gelatine contains a large proportion of 
bichromate, and when it has been kept in a 
warm and moist atmosphere. This spontaneous 
insolubilization (by the chromic acid present as 
an impurity in the bichromate or liberated by 
hydrolysis of this salt) is considerably retarded 
by the addition to the bichromated gelatine of 
small quantities of alkaline cit rates and oxalates 
(R. Namias, 1903), or, better still, of neutral 
chromate which has not the disadvantage of 
decreasing the speed as do all the other adju
vants suggest ed for the same purpose (E. Eliid 

~our~e .of this reac.tion a very small part of the gelatine 
IS OXIdIzed, r esultlllg in products wh ich a re eli minated 
during the washing. The insoluble image is formed 
entirely .of normal gelatine in combination with 
chromium oxide (J. M. Eder. 1878). \ oVhen a mmonium 
bichromate is used . the neutral chromate formed is 
decomposed in g iv ing up bichromate which can par
t icipate in the reaction. 

The neutral chromate thus formed can contribute to 
t he insolu bilizatioll of t he gelatine if the sensitive paper 
IS p laced. a fter exp osure t o light. in a solution of a 
lnetal salt which precipitates on contact with the 
chromate and not with the b ichromate (F. J. Tritton. 
1929) . The best results have been obtained by r eplacing 
the water for wetting by a 2 per cent solution of cerous 
chloride. The exposure t o light can t hen be reduced 
to one-third its normal mn ount. It is evident that any 
fog, such as may be due to staleness, is intensified in 
t he same p roportion . This process is a very delicate 
operation . 

• 
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and H. Berczeli, 1936). Alkaline tartrates and 
lactates produce the opposite effect . A solution 
of gelatine to which bichromate has been added 
and which has then kept liquid for some time 
has its solubili ty considerably reduced. 

Gelatine treated with chromic acid becomes 
completely insoluble instantly, and even loses 
its property of swelling in water. 1 

Similar reactions occur with a lbumin, casein, 
gum arabic, various natural resins (gum lac 
dissolved in an alkaline medium), or art ificial 
resins, and a large number of cellulose deriva
tives, which thus lose by exposure to light the 
property of swelling or of dissolving in their 
usual solvents. 

637. Chromates and Bichromates. The sensi
tizing of gelatine for the pigmen t processes is 
done by using the bichromate 2 of potassium or 
ammonium. The deliquescent bichromate of 
sodium is very difficult to purify , and cannot be 
used with advantage 3 

Potassium bichromate (K2Cr 207) occurs in 
large orange crystals, unaffec ted by exposure 
to air, soluble in water to the extent of about 
8 per cent at 50° F., and more than So per cen t 
at 212° , boiling point. It is insoluble in alcohol, 
and is precipitated from aqueous solu t ions when 
an appreciable proportion of alcohol is added . 

Ammonitlm bichromate ((NH.)2Cr207) is in 
smaller crystals and distinctly redder in colour. 4 

1 This expla ins why bichromated gelatine, rendered 
partially insolu ble by moderate action of light, beco mes 
less and less soluble if kept for a ny length of time in 
a moist atmosphere. Under t hese co nditions the 
gela tine is coagulated by the chromic acid , formed 
during the photo-chemical reactio n, which is combined 
loosely with the chromium oxide. 

2 Various methods have been patented (G. Kogel, 
1920, etc.) in which the bichromate is applied, after 
the exposure t o light, to a layer of gelatine sensitized 
by various organic substances of which the produ cts 
o f photochemica l reduction redu ce the bichromate in 
its turn . F or instance, a paper sensitized with 2 : 7 
sodium anthraquinone disulphonate keeps indefinitely 
in the dark. After exposure t o light it is placed in a 
2 per cent solution of bichromate, all other operations 
being effected as with paper sensitized with bichromate. 

The possibility has also been suggested of sensitizing 
colloids by the products of condensation of hardening 
aldehydes and of diazo compounds . Under the influence 
of light the aldehyde is liberated and renders insolu ble 
the exposed gelatine (R. Zahn, 193 1). 

' Use is a lso made, particula rly in the photo
mechanica l indu stry, of the sensitization of co llo ids 
by pyridine bichromate (G. Maillet, 1934) which in a 
smaller dose confers a considerably greater rapidity , 
but decreases the keeping qua lity of the sensitive 
coating. 

4. The presence of potassium bichro mate in the n10re 
costly ammoniurn bichro mate can be easily detected 
in the following manner: If a sma ll quantity of dry 

It is unaffected by exposure t o the air, and is 
very soluble in water, more than 20 per cent at 
60° F., and approximately 100 per cent in 
boiling water. About three times their volume 
of alcohol or acetone can be added to aqueous 
solutions at a concentration of 10 per cent a t 
most without precipitation occurring. 

A simple solution of bichromate in water is 
quite stable. A solution to which organic sub
stances have been added will gradually turn 
brown if exposed to the air, and can then produce 
spontaneous insolubility of gelatine. 

The addition of strong mineral acids sul
phuric, nitric, etc. to solutions of bichromate 
liberates a proportionate quantity of chromic 
acid. The addi tion of hydrochloric acid prod uces 
a chlorochromate. Acetic acid has no action on 
bichromates . 

The addition of ammonia or a caustic alkali 
to a solution of bichromate changes the colour 
gradually from orange to lemon-yellow, by con
verting the bichromate into a neutral chromate. 
Inversely, neutral chromates in solution are 
restored t o the condition of bichromates by the 
addition of acids, even the weakest, e.g. acetic 
acid and carbonic acid. 

Ammonia is frequently added to solutions of 
the bichromates used for sensitizing gelatine for 
the pigment process up t o the point of forming 
the neutral chromate. The ammonium chromate 
thus formed does not induce the insolubilization 
of the gelatine which results always in bichrom
ated gelatine. On exposure t o light the am
monium chromate is first decomposed into 
ammonia and ammonium bichromate, the 
sensitiveness being then scarcely inferior to 
that of gelatine sensitized with bichromate 
(E. Kopp, 1864). The mixture of chromate and 
gelatine, when the latter has not been mixed 
with the pigment, is much lighter in colour than 
bichromated gelatine. The image of brown oxide, 
being as dark as with bichromated gelatine, is 
therefore much more strongly visible, a fact 
which has led many workers to assume that the 
addition of ammonia to bichromate solutions 
prod uces greater sensi ti veness. 

638, Physiological Action of Bichromates. 
The chromates and bichromates are poisonous 

ammonium bichro mate is heated in a test tube, 
it deflagrates b efore becoming red hot, liberating 
nitrogen and steam and leaving a ligh t powdery deposit 
o f green oxide of chro miu m. If this latter is put into 
water after it has cooled it ought not to produce a ny 
d iscolouration . If the water becomes orange-yellow 
it indicates the presence of potassium bichromate, this 
salt not being decomposed even by an intense heat. 

• 

• 



PIGMENT PROCESSES 

compounds, but the colour of their solutions is 
sufficiently distinctive t o prevent their being 
mistaken for any drinkable liquid. 

Contact of any abrasion of the skin with a 
cold solution of bichromate, of the strength used 
for sensitizing gelatine in the pigment processes, 
can produce a painful sore, and possibly a 
serious ulcera tion. Any scratch or abrasion 
ought t o be protected by an application of 
collodion, or by wearing an indiarubber finger 
stall. In the event of an accidental contact with 
the solution, copious rinsing should be followed 
by washing with commercial peroxide of hydro
gen , which decomposes the bichromate. 

Frequent immersion of the hands in warm 
solutions of bichromate, even very dilute solu
tions such as the baths used in dissolving the 
gelatine which has remained soluble after ex
posure t o light, may be the cause of painful skin 
eruptions in those who are predisposed to the 
effects of bichromate. These eruptions are not 
only troublesome, but generally take a long time 
to cure. Those who have once suffered from 
them are far more susceptible afterwards t o the 
poisonous action of the bichromates, and are 
very liable t o a recurrence of the trouble. 

In the commercial working of the carbon 
process, the employment of large tanks of warm 
water for developing the prints should be 
avoided , as the bichromate dissolved from a 
series of prin ts accumulates. By the use of 
baths of small size, the risk of skin troubles is 
almost entirely avoided, as the wat er is con
stantly being renewed by the addition of fresh 
hot water. This renewal may also be effected 
by a jet of hot water the t emperature of which 
can be regulated as desired. There are various 
types of heater available, heated by gas or 
electricity . An amateur, having only a small 
number of prints t o develop, will throwaway 
the water as soon as it becomes discoloured, and 
renew it as required from a kettle of hot wa ter. 
The fingers should never be dried after having 
been immersed in a solution of bichromate 
without first being rinsed in plain water. After 
working with a solution of bichromate, the hands 
and forearms should be scrupulously cleansed 
with soap and a nail-brush. 

The firs t syinptoms of bichroma te poisoning 
are generally shown by irritation between the 
fingers and on the back of the hands. This is 
followed by the formation of watery pimples, 
which increase in number and size and become 
purulent. The skin then becomes dry , cracks, 
and peels off in scales. The use of carbolic soap , 

with a lotion of carbolized glycerine and oint
ment containing mercuric nitrate , generally 
produces a rapid improvement. The general use 
of a carbolic soap may, in addition, be regarded 
as an efficient safeguard. 

639. Transfer of the Film. The first experi
ments in obtaining phot ographic prints by 
means of a film of gelatine, sensitized with 

I 

I[ 

III 

-
F IG. 1 85. M E CHANISM OF CARB ON PRIN TI NG 

I, Act ion o f light o n the sensit ive tissue ; II , The print :tfter 
transfer and de velopment ; I II , The print after transfer to the 

fi na l support 

bichromate and coloured by the incorporation 
of carbon in fine powder, and then washing away 
with warm water the parts which remained 
soluble after exposure under a negative, yielded 
satisfact ory results for images consisting of white 
and black only (A. Poitevin, 1855). But failure 
resulted when attempts were made t o obtain 
images in tones. The explanation of this failure 
was given in 1858 by the Abbe Laborde. 

In the ac tion of light on bichromated gelatine, 
insolubility commences from the surface which 
receives the light, and penetrates t o a great 
depth only in those parts where the action of 
the light is strongest , as in the deep shadows of 
a negative. Under the half-t ones, the insoluble 
gelatine, represented in F ig. 185 (I ) by cross
lining in thick strokes, remains isolat ed from its 
support. The support is shown by fine cross
lining, and the intervening film of soluble gelatine 
by stipple. 1 Even assuming that the gelatine 

1 The scale of this d iagram has been considerably 
exaggerated in a vertical direction. As a Tul e , the 
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became insoluble through its entire thickness by 
prolonged exposure to light under a very 
transparent par t of a negative in such a manner 
as t o ensure tha t it became adherent to the 
support, the half-tones would still separate from 
the support ing paper during the dissolving away 
of the soluble gelatine . 

One method of surmounting this difficulty 
consists in causing the light t o act on the 
bichroma ted gelatine through the support, the 
insoluble gelatine forming in consequence from 
the surface in contact with the support and 
remaining adherent t o that support during the 
development. This plan was applied in 1858 by 
J . c. Burnett t o films of bichromated gelatine 
coated on paper, and in 1861 by Fargier to 
similar films on a transparent base . These 
methods have been utilized for different pur
poses since that time. 

The final solution of the problem was achieved 
in 1864 by J. W . Swan, who devised the plan of 
transferring the film of bichromated gelatine 
to a new support before development. This 
support was a paper coated with unvulcanized 
india-rubber, on which the print was mounted, 
the surface which had been directly exposed to 
light during printing being in contact with the 
support . In development, by dissolving away 
the gelatine which has remained soluble, the 
paper which formed the original support is 
released, the image remaining attached t o the 
new support (Fig. 185 (II) ). The image is thus 
reversed with regard to left and right, unless 
the print has been made from a reversed nega
tive, or the correction effec ted by re-transferring 
to a gelatinized paper by an operation similar 
to the usual m ethod of transferring decalco
mania pictures (Fig. 185 (III) ). 

The preparation of the intermediate or t em
porary support for the double- transfer process 
a nd also the manufacture of final supports for 
the single and double transfer processes, have 
been successively improved by J. R. J ohnson in 
1869, J. R. Sawyer in 1874, and others. 

640. Preparation of Carbon Tissue. Although 
papers prepared for carbon print ing in various 
colours and of excellent quality can be obtained 
commercially from various manufacturers, it 
is desirable to describe briefly the method of 
preparation. This work can be carried out 
without any great difficulty by any amateur 
who has the requisite time at his disposal. It 

maximum thickness of the insol uble coloured gelatine, 
meas ured when dry, d oes n ot exceed t he r / r 60th of 
a n inch (·or 5 mm.) . 

possesses the advantage that separate sensi
tizing is unnecessary: the bichromate can be 
added to the mixtures prepared for coating the 
paper. 

A comparatively porous paper is best, either 
slightly sized or not sized at all. A plain smooth 
paper, sold in rolls by manufacturers of wall
papers for use as a lining paper before the pat
t ern paper is put on, answers well for this 
purpose. 

Moist water colours, sold in tubes, are the 
bes t, but they are rather costly. Some photo
graphers may therefore prefer to use t he dry 
colours, in powder 1 as fin e as possible . They 
should be ground in a m ortar with an equal 
weight of syrup of glucose . 

The gelatine 2 for this process should be very 
soluble, without, however, any t endency t o 
swell excessively . The soft varieties used for 
collotype answer perfectly. A small proportion 
of hard gelatine may be added if it is desired to 
increase_ the sensitiveness. The gelatine is put 
aside to soak for several hours in cold water , 
and dissolved by means of a water bath . The 
temperature should not exceed 1600 F . Sugar 
should be added to render the gelatine more 
supple 3 and then the colour should be mixed 
with it. After stirring, the mixture is skimmed 
and filtered through fine fabric; it is then ready 
for spreading on paper. 

The following fo rmula, given as an example, 
is suitable for obtaining prints or transparencies 
in black. The quantities are sufficient for coat
ing about 10 sq. ft. of paper if the image is to 
be viewed by reflected light, or 6 sq. ft. for 
transparencies to be viewed by transmitted 
light. 4 

1 Certain pigments, by their action on the bich ro mate, 
tend to ind uce spon taneous insolubility of bichro mated 
gela tine, a nd shoul d be e ither avoided entirely o r else 
p ur ified by suitable methods. Some s moke blacks or 
lamp blacks require cleansing fro l11 the greasy matters 
which they contain, so that they may be t horoughly 
moistened by aqueo us sol utions. 

2 Different gelatines behave ver y differently after 
sensitization , especially as regards speed and stabili ty, 
these differences being due to the character and propor
tion of the substances other than protein. 

3 Commercial carbon tiss ue usually contains also a 
small proportion of soap, about 10 to IS per cent of 
the weight of the dry gelatine. 

4. For obtaining relatively stro ng reliefs for moulding 
from, bichromated gelatine papers arc prepared w ith 
as much as 6 oz. of gelati ne to 1 0 sq. ft. of surface. 
The proporti on of pigm ent t o gelat ine m ust then be 
considerably reduced , but the quantity of colou r per 
square foot shou ld be at least equal to that ge nerall y 
used for normal papers with a thin coatin g . 

We wou ld ad d , i nCidentally, that attempts have 

• 
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Gelatine • 

Loaf s ugar . 

Salicyclic ac id 

Vegetable black 

Indigo 

Carmine 

• 

• 

Glucose syrup 

\Vater . • 

2! to 3 oz . (50 to 80 grm .) 

· 1 6 0 to 320 gr. ( 1 0 to 20 grm .) 

• • 4 gr. (·25 grm. ) 

• • 1 60 gr. ( 1 0 grm .) 

• 8 gr. (·5 gnn. ) 

• • 16 gr. (I gnn.) 

• .1 60 min. (10 c.c .) 

• • 9 oz. (250 c.c.) 

Among different methods which may be 
adopted for coating small sheets of paper the 
following presents advantages (E . F elloes, 1920) : 

A printing frame should be obtained if in 
bad condition it will serve its purpose eq ually 
well and some sheets of glass of good quality, a 
li ttle smaller than the rebate of the frame, so 
as to allow a little play . The paper having been 
cut into sheets about It in. to 1~ in . larger than 
the frame, one of them and one of the sheets of 
glass are immersed in hot water at about 120

0 F. 
The paper is laid on the glass, covered with .a 
shee t of waterproof paper, and squeegeed to 
remove as much moisture as possible. The edges 
of the paper are folded back under the glass, 
which is placed in the printing frame in such a 
manner that the face of t he paper is seen from 
the front of the frame. Several thicknesses of 
paper are placed at the back of the glass in the 
printing frame, the back and springs are closed, 
and the frame turned face upwards. Then , 
without loss of time, so as to avoid undue cooling 
of the paper, the desired quantity of gelatinous 
mixture is fl owed into this " dish" formed by 
the paper and the edges of the printing fram e. 
The frame is then placed on a level surface until 
the gela tine is set. As soon as the gelat ine is 
sufficiently firm the frame is t urned face down 
and the back opened; the edges of the paper 
are a ttached to the back of the glass by touches 
of gum ; the frame is turned face upwards again 
a nd supported by the glass on the extended 
fingers of the left hand. A sharp kni fe-blade is 
passed along the edges of the frame to separate 
the .gelatme from the wood ; the glass plate 
beanng the coated paper is removed and placed 
on a dry mg table untIl the gelatine has become 
thoroughly dry. 

F or preparing a ready-sensitized tissue the 
following should be mixed with the gelatine 

b?cn made to introduce papers with several fIl ms in 
chfferent colours, superimposed, for the production of 
double t one prints (A. Braun, 1869). 

27-(T·s630) 

• 

solution before the colouring matter is added: 
P otassium bichromate, 60 to 120 gr. (4 to 8 
gnn. ), sodium citrate, 15 gr. (I grm. ), and liquid 
ammoma should be added until the orange 
colour changes to lemon yellow. 

After drying, the paper should be detached 
from the glass and kept flat until required for 
use . 

(b) SENSITIZING AND EXPOSING CARBON 
TISSUE 

641. Sensitizing. Carbon t issue which has 
been kept for long in a dry atmosphere tends 
to become brit tle. There is then a risk of its 
cracking and splitt ing during the manipulations 
prior to sensitizing . In that case it should be 
!~eIJt for so~e ~ours in a humid atmosphere. 
I 111s precautlOn IS speCIally necessary with paper 
kept in rolls 1 from which all wrapping papers 
should be removed to permit the free access of 
a ir. Long keeping .in a very moist atmosphere 
tends to produce mildew, and also to cause par ts 
111 cont act to adhere to each other. When the 
number of sheets required for the work of several 
days have been cut, they should be kept flat, 
under pressure, e.g. between old negat ives. The 
surface of the gelatine ough t never to be t ouched 
with the fingers ; any greasy mark tends to 
produce a fault. Wearing white cotton gloves 
aVOIds ll1falhbly both finger prints and injury 
by the finger-nails. 

642. Sensitizing the carbon ti ssue can be 
carried out by immersion in a solution of 
bichromate, or by brushing the solution on 
the t issue. This latter method of working is 
generally used only for spirit sensitizers, of 
whIch, consequently, only a very small quantity 
need be prepared. 

The tissue may be sensitized in ordinary 
daylight, but not in full sunlight. 

Dishes of wood , gutta-pereha, or plain metal 
should never be used for the sensitizing bath; 
they are hable to ll1duce a partial reduction of 
the b,chromate solu tion. 
. A solution which has been used for sensiti zing 
is liable to change, espeCially If exposed to light, 
and may then cause spontaneous ll1solubility of 
the gelatine. 

Gelatine is more soluble in a solution of 
bichromate than in water, and swells to a greater 
ex ten t. It IS th ere fore generall y necessary in 

~ \:'hen a roll of car,bon tiss ue has to be cut up into 
a llmIted ~u~ber of SI ze's, the roll may be cut with a 
saw; but It 15 then. nece~sary to remove carefully the 
small fragments which cling to the edge of each cut . 
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hot weather to cool the sensit izing bath by th e 
addition of ice ; the maximum t emperature 
should be from 55 0 to 600 F . If the temperature 
cannot be lowered to t his degree, sensitizing 
should be done by means of a solu tion in a mix
ture of water a nd spiri t , applied with a brush; 
or, alterna tively, a certain proportion of sp irit 
should be added to the sensitizing bath. With
out this precaution there is a risk or t he gela tine 
becoming reticulated . 

In damp weather, if there is no means of 
hastening the d ry ing of ti ssue sensitized by 
immersion, it is desirable to add t o t he bath a 
small quanti ty of carbolic acid or salicylic acid 
previously dissolved in a little alcohol, in orde r 
to avoid the development of bac teria in the 
gelatine. 

643. The concen tra tion of the bichromate in 
the sensitizing bath exercises a considerable 
influence on the sensitiveness of the carbon 
tissue and the degree of contrast in the resulting 
prints. A concentrated solution will produce 
greater rapidity but comparatively weak prints, 
even when used with vigorous negatives. 1 

Bichroma ted gelatine, yellow or orange, forms, 
in effect, a non-actinic fi lter for ul t ra-v iolet and 
violet rays, t he only ac tive rays in t his method 
o f printing. On a paper sensit ized in a concen
tra ted bath the photographic action is restricted 
to a superficial zone, and it is therefore impos
sible to obtain vigorous images. This peculiarity 
of concentrated sensitizing solutions is exagger
ated still more when print ing is carried out by 
artificial ligh t rich in ultra-violet rays , such as 
arc lights on a high voltage, or mercury-vapour 
tubes (R. B . Fishenden, I 9I 5) . On the ot her 
hand, sensit izing in dilute solu t ions y ields papers 
which a re much slower, bu t tends to produce 
stronger images, even with soft negatives. T he 
sensitizing bath should be much more dilu te 
when a thick fi lm is used , if it is desired to render 
almost the whole t hickness of the film insoluble. 

The degree of acidity of the sensitizer a lso 
influences speed and contras t. The alkalini za
tion of the sensitizer increases the contrast of 
the image by decreasing the density of the areas 
least exposed without affecti ng to a n appreciable 
extent t he heavy densit ies of the image. A 
paper sensitized in a very slightly acid bat h is 
fas ter than a paper sensitized in an alka line 

1 T iss ues in s t ro ng colou rs, whic h tend to give pr in ts 
w ith ex cessive con trasts, should be se nsitized in so me
what stronger baths than the average. Brown a nd 
sepia , which tend to yield softer results . shoul d, on t he 
co ntrary , be sensitized in solu tions a little less con
centra ted than for b lack t issues. 

bath, but the more abundant formation of brown 
dioxide of chromium which st rongly a bsorbs 
t he active light, does not permit this increase 
in speed to man ifest itself in the most exposed 
a reas (H . M. Cartwright and H. Murrell, I 933). 

F or printing in daylight, the degree of con
cen tration ranges from I per cent when using 
weak negatives t o 6 per cent for printing from 
those witI-. vigorous contrasts. With the former, 
printing will require from three t o four times 
as long as with the latter. For negatives of 
normal contrast the strength of the bath 1 should 
be from 3 to 4 per cent. 

To enable t he sensitized paper to be kept for 
some days withou t special precautions, a lit tle 
ammonia is often added to the sensitizer (un t il 
t he orange tin t t urns t o light ye llow). At least 
eq ual keeping quali ty wit hout a decrease in 
speed is ensured by dissolving in the bat h, a t 
t he same time as the bichromate, the corre
sponding neut ral chromate to an amount equal 
to about one-fifth the weight of the bichromate. 

644. For sensitizing in a dish, the solution 
should occupy a depth of from i in. to I in., 
according to the number of sheets t o be sensi
t ized at once. Not more th an fi ve should be 
immersed at one time. 

The tissue to be sensitized should be immersed 
face downwards. 2 To effec t the immersion, the 
sheet should be t aken by two opposite corners 
and caused to slide into the solution. As soon 
as the sheet of ti ssue has become slightly limp 
it should be turned face upwards, and any 
adhering a ir-bells should be broken either with 
a brush or a plug of cotton wool. It should be 
quickly t urned again, face downwards, and any 
a ir-bells on the back of the paper similarly 
removed . 3 

1 If it is accepted that gelati ne absorbs on an ave rage 
10 times its weight of water durin g sens itization, the 
concentration of bichromate in the dry gelati ne is I O 
times that of the bichromate in the sensitiz ing bath. 
As gelatine swell s 1110 f C in a tepid bath than in a cold 
one, t he quantity of bichromate absorbed by t he gela
tine is equi valen t to that which, at <tn in termediate 
temperature, wo uld have been abso rbed by a morc 
concentrated or l110 r e dilute bath . 

2 Attempts have been made occas ionally to take 
ad vantage of the s light differences in sensit ized tissue 
wh ich result from varied methods of working. A sheet 
may be completely immersed in the bath, it may be 
fl oated with its face in contact w ith the so lu t io n, or it 
may be floated w it h its back in contact. By reason of 
the d ifferences in sensitiveness a t various depths o f 
the fi lm, s l ightly softer images arc produced in the first 
case and s lightly more vigorous in the last. 

3 Air bells may a lso be removed by passing, first 
over the sheet and then under it, some fo rm of bow 
hav ing a stretched copper wire attached. 

• 
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The sheet of t issue must not be withdrawn 
from the sensitizing bath un t il it has become 
thoroughly limp 1 and perfectly flat. This should 
require from 2 to 3 minutes. Too short an im
mersion will yield a t issue only slightly sensitive; 
while a prolonged immersion, during which the 
gela tine becomes considera bl y swollen, willleng
then materially the time necessary for drying. 
In commercial establishments the period of 
sensitizing is usually kept the same, and is t imed 
by a sand-glass. 

To withdraw the tissue, the back of the 
sheet should be drawn over the edge of the dish 
so as to remove as much of the sensitizing fluid 
as possible. In every case, and particularly 
with large sheets, when drying is slow and there 
is a risk of inducing partial insolubili ty in t he 
parts which occupy the longest time in drying, 
it is desirable to remove almost all of the liquid 
from the surface of the gelatine. For this, the 
tissue should be placed face downwards on a 
perfec tly clean sheet of glass, and the liquid 
rapidly expelled by strokes of a squeegee, using 
moderate pressure. Tissue thus treated can be 
subj ected t o a higher t emperature during drying 
without any risk of melting. 

When it is desired to reproduce images of 
extreme delicacy, particularly when the carbon 
print is intended to be used as a resist for the 
etching fluid in certain photo-mechanical pro
cesses, the sensitive tissue is kept on the glass 
until dry. 2 

645. Sensitizing by brushing the solution 
on the tissue may be recommended in case of 
urgency, or if there is reason to fear veiling by 
spontaneous insolubility through drying at high 
temperatures . A solution of ammonium bi
chromat e is prepared of three times the strength 
required. This should be neutralized by am
monia if the sensitive tissue is t o be kept. Twice 
its volume of methylic spirit, or , better, 
industrial (denatured) spirit, should then be 
added. 3 This mixture may be prepared long 
enough in advance t o obtain a clear solution by 
decantation. It must be kept in the dark, or, 
at leas t, protected from daylight . 

1 Sensitiz ing baths to wh ich has been added about 
20 per cent of th eir volu me of ind ustria l (denatured) 
spiri t do not so ften the gelatine. The immers ion then 
o ught to be about fo ur m inutes to a ll ow the ti ssue to 
become flat. 

'% It has been proposed to prepare carbon ti ss lie 0 11 

a n opaquc support, which, bcing applied to ye llow 
glass o r cbon ite, could be dried in full daylight. 

3 Acetone. the use of which has been proposed for 
the sam e purpose, has a very disagreeable odour, and 
often prod uces sick headach es. 

The sheet of t issue to be sensitized is laid 
face uppermost on a sheet of glass or card t o 
which it is attached at the corners by wooden 
clips. The solution is applied by means of a 
brush or a plug of cotton-wool ; the strokes 
of the brush must be made to cross in each 
direction, so as to avoid any irregularity in 
impregnation. 

646 . Drying the Sensitized Tissue. The drying 
of sensitized carbon tissue should be carried out 
in a room or in a box or cupboard where 
daylight cannot enter, but where fresh, cool air 
can be constan t ly renewed. In addition, if 
tissue is dried with its face exposed to the air, 
precautions must be adopted to prevent dust 
being deposited on the gelatine. 

Even in unfavourable conditions, tissue sensi
tized by brushing with a strong alcoholic solution 
may be thoroughly dried in about half an hour. 
But tissue sensitized by immersion in a plain 
aqueous solution may require a long time, 
especially if it has not been squeegeed to remove 
adherent solution . It is desirable in that case 
to arrange that a current of ai r should ci rculate 
through the drying cupboard to ensure drying in 
4 hours at the most. If drying takes longer than 
this, veiling will probably result from spon
taneous insolubilization. 

In some commercial estab lishments, where 
the tissue is kept on the glass to which it has 
been squeegeed until it is dry , drying cupboards 
are used in which the glasses are a rranged hori
zontally on brackets or shelves, and are traversed 
by a current of air. The a ir is provided by a 
centrifugal p ump and is cooled by circulating 
round a metal container , filled wit h ice or a 
freezing mixture, on the sides of which it deposits 
the greater part of any moisture which it may 
contain. If the glasses are arra nged vertically 
in the drying cupboard, the current of air should 
be admitted only a fter draining for abou t 20 

m inutes in a free draught. In any case the 
current of air should reach its full speed on ly 
after progressive stages with fa irly wide inter
vals in order to avoid partial detachment. 

A frequent practice is to support small sheets, 
on lines by means of wooden clips. Sheets in 
large sizes are placed over a semi-cylindrical 
grid, about 8 to 12 in. in diameter, mounted on 
legs or suspended by cords. 

The drying cupboard ought to be somewh at 
cool a t first, though the temperature may be 
raised slightly towards the end of the drying . 
It is necessary to avoid either paraffin or gas 
stoves for warming the air. The products 

• 
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of combustion would partially insolubilize the 
mois t bichromated gelatine. The same result 
will arise if any bad emanations from acetylene, 
drains, etc., can enter the drying cupboard. 

Drying is completed when the gelatine film 
has become almost brittle. 

647. Keeping the Sensitized Tissue. In dry 
weather, when not too warm, carbon tissue, 
sensitized in a bath of moderate strength 
neutralized by ammonia, or with neutral 
chromate added, can be kept without any 
special precautions for four or fi ve days be
fore spantaneous insolubility of the gela tine 
becomes at all serious. This time is considerably 
shortened if the tissue has been sensitized in a 
concentrated solution without any precaution 
for neutra li zing the chromic acid. Insolubi lity 
a lso occurs more quickly if drying has been very 
slow or if the tissue is kept in a damp, warm 
atmosphere. Spontaneous insolubiliza tion can 
be retarded and the time 0 f keepi ng in good 
condition extended to about ten days if t he 
sensitizing bath contains about I per cent of 
neu tral sodium citrate or potassium citra te 
(§ 636). 

The preservation of the sensi ti zed ti ssue is 
almost unlimited in a thoroughly dry atmo
sphere. 1 For example, it may be kept in a metal 
tube containing drying compounds and closed 
by adhesive tape or an indiarubber band (§ 281 ). 
But as the gelatine is thereby rendered very 
brittle and almost insensitive, the sheets should 
be kept for several hours in a moist atmosphere 
before being unrolled and used. 

Although good keeping qualities for any 
length of time can only be ensured in a dry 
atmosphere, sheets of carbon tissue may be kept 
after sensit izing for a time, if they are put in a 
printing frame, under pressure. They should be 
perfectly dry and covered with a sheet of india
rubber or moleskin before the back of the fram e 
is closed. 

648. Preparation of the Negatives. F or carbon 
printing vigorous negatives , without undue 
harshness, are desirable, especially for first 
attempts . Those suitable for print-out papers, 
gelatino-chloride or collodion , answer well . 

According as the single or double transfer is 
adopted, negatives must be eith er reversed or 
normal. 2 Negatives may be reversed by s trip

I Se nsit.ized ca rbon ti ssue has been kept for three 
months without change at the te mperatu re of 27 ° P . 
(0 . Wa tter, 1935)· 

2 Carbon tiss ue formed of a fi lm of opaque white 
pigment has been used for printing under a positive, 
being then transferred to a dark support, e.g. black 

ping the film, or they may be made reversed in 
the first instance by fitting a reversing prism 
or mirror to the lens. Film negatives can be 
printed from the back by being reversed in the 
printing frame, and so a llow single transfer, but 
it is then necessary to employ for printing a 
compact source of light of small size. The 
light must also be at some distance from the 
frame and kept free from movement during the 
printing. 

Under similar conditions, glass negatives can 
be printed from in the same manner if an 
arc light of low power is employed, about 
5 amperes. 1 

A margin at least ,'IT in. wide must be pro
tected aga inst the action of the light a ll round 
the edges of the ti ssue, by means of a mask 
(safe-edge) suitably attached to the negative. 
Without this precaution it is impossible to ensure 
the adherence of the pigmented gelatine to the 
support to which it is transferred for develop
ment, whether it is th e fmal support for single 
transfer or th e temporary support for double 
transfer. The carbon ti ssue must be cut2 to such 
sizes that the margins a re completely covered by 
t he safe-edge. The gelat ine will then remain 
perfectly permeable and soluble in the parts 
protected by the sa fe-edge from the action of 
ligh t. The size to which the carbon tissue is cut, 
including the margins protected by the safe-edge, 
must not exceed the dimensions of the support 
0 11 which it is to be mou nted fo r development.3 

papcr, lacquered wood, japan ned metal, etc. When 
the carbon process is used for obtaining transparencies , 
the si ng le tra nsfer method can be used a fter printing 
from a normal negative, subject to rectification of the 
image in regard to right and left . A picture on gl ass, 
prod ueed b y s ingle transfe r, can be backed with a 
su itable paper, white, tinted , or rnc ta llic, attached to 
the image by a thin solu t io n of gelatine, or a backin g 
of s ilk s tretched over a thick card may be substitu teci, 
and the print will be correct, i .c. not reversed, wh en 
seen from the face of the glass. 

1 I n this case the image w ill be sharper if the carbons 
are replaced by small rods of iron abo ut J;:'r in. diameter, 
the arc being struck w ith a carbon, as the two iron rods 
would prob ably be welded together i f they came into 
contact , as usually done for an arc between the carbons. 
I t is necessary to p rotect the eyes frOlll the very danger
OliS l ight of such an a rc ; yellow glasses, which absorb 
the u ltra-violet rays, m ust be used. 

2 The tiss lle should be c ut w ith clean edges; there is 
a risk of defective adherence to the support d urin g 
develop me nt if the tiss ue is torn or cut with a papc r
knife. 

3 The gelati ne be in g in co mpletely swollen b y the 
water, espec iall y in its lowe r layers, when it is appl ied 
to its new s upport, and the water imprisoned betwecn 
this support and the gclatin e bein g immed iatel y ex
pelled by a squ eegee or a roller, the less saturated lower 
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Although the safe-edge may, if necessary , be 
applied to the glass side of the negat ive, it is 
preferable, as a rule, that it should be on the 
film. If on the glass, it must be sufficiently wide 
to protect the bichromated gelatine beyond the 
range of the semi -shadow of the light penetrating 
under the safe-edge. When on the film th e safe
edge may be formed of strips of black paper , 
or a cut-out mask, or by a ma rgin of black 
varnish or opaq ue water-colour. The outlines 
may be drawn with a draughtsman's ruling pen 
with large rounded blades, the varnish being 
then applied with a brush beyond these outlines. 

649 . Exposure to Light. The various manipu
lations in carbon print ing may be carried out 
in very subdued daylight, by daylight coming 
through ye llow windows, or by artificial light 
not screened in any way. 

No visible image is produced by exposure of 
the pigmented fi lm to light ; the exposure must 
therefore be determined by means of an actino
meter or light integrator (§ 508). The exposure 
may also be determined by the fact that, all 
other cond itions being equa l, the t ime necessary 
for obtaining a pri nt on black carbon tissue wi ll 
be approximate ly equal to the t ime of print ing 
on gelat ino-ch loride pr int-out paper. Thi s latter 
should only be carried up to th e point at which 
the print appears as when fini shed, with out 
making any allowan ce for loss of depth in toning 
and fix ing. 

The sensit iveness of carbon tissue depends on 
a number of facto rs. They are: the colour of the 
pigmen t and its proport ion in rela tion to the 
gelat ine ; the strength of the solution of bi
chromate used for sensit izing; and also the 
temperature during exposure. While it is not 
possible to lay down exact rules, it may be said 
that, as a rule, the exposure should be longer if 
the gelatine is very soluble. The spontaneous 
insolubility of the gelatine by long keeping 
produces an apparent increase of sensitiveness. 
The exposure to light must also be longer if th e 

layers of the gelat.in e draw the wator fro m the fully 
satu rated and swo ll en upper layers in co ntact wit.h the 
new s upport. This s uction prod uces a partial vacu um 
botween the gelat ine and its now support sim ilar 
to t.hat prod uced by a vaCllum pump. The support 
must be impervious to ail' and water, so that atmos
pheric press ure wi ll ensure perfect adhes io n. A neces
sa ry cond ition is t hat it Illust be imposs ible for a ir to 
pene trate betwee n the gel atine and its new support 
T his conditi on is ensured by the marginal zone, in which 
the gelatine has preserved its power of adhes ion. The 
adhesiveness co uld no t be en su red if the sa fe-edge were 
omitted , o r if the ge latine had beco me in so lu ble through 
being kept too long in a moist atmosphere. 

proportion of pigment is low, if the sensitizing 
has been carried out in a very di lute solution, 
and also if the temperature is very low. The 
t ime of printing is generally shorter with blue 
or violet tissue than with black ; it should, on 
the contrary , be longer with brown or red tissue, 
and up to three times more for red chalk. In 
addit ion, the printing should be curtailed if the 
development is to be deferred; the insolubiliza
tion of the image increases, even in darkness 
(§ 636, footnote). It should be recognized , how
ever, that th is "continuing action" does not 
.give uniform results. 

650. Print ing by daylight is preferably done in 
the shade or in diffused light. When the printing 
frames are exposed out of doors in damp weather 
the carbon ti ssue should be protected against 
access of moisture by being covered with a sheet 
of india-rubber or moleskin. In the absence of 
this precaution the felt pads which are used to 
ensure uniform pressure should be thoroughly 
dried so as t o a void unequal dampness and 
consequent irregularity 111 the prints. 1 

It may be said th at, as a general rule, printing 
0 11 carbon ti ssue by artificial light lessens the 
c0ntrasts in the print, all other condi t ions 
remaining eq ua l. This reduction in contrast is 
specially marked when arc lamps on a high 
voltage are empl oyed, as their light is very r ich 
in ultra-v iolet rays (§ 643). F or example, the 
same degree of contrast can be obtained on 
t issue sensitized on a 5 per cent solu t ion and 
printed by daylight , and on ti ssue sensitized on 
a 1'5 per cent solut ion and prin ted by an 
enclosed arc of 220 volts , 12 amperes. 

Mercury-vapour lamps give very sat isfactory 
results in carbon printing if the st rength of the 
sensit izing soluti on is suitably adj usted. Wi th 
these lamps the heat ing of the fram es, which is 
considerable wi th arc lamps, is avoided. This 
heati ng tends to prod uce a veiling of the p rint. 
When ordinary arc lights are used very near the 
prints, it is desi rable t o cool the frames by means 
of a ventilating fan. 2 

1 In co mmerc ial printing establishm en t.s , print.ing by 
day li ght is generally carried o ut under a glass roof. 
Frames containing negatives whi ch requirc the samc 
time for prin t.in g are g rouped toge ther on s mall truck s, 
which are bro ught for re-chargi ng to an extencing table 
in an inner room illuminated by yel low li ght. 

2 Prints have been obtained in from 2 to 3 mi nutes 
with the light of incandescent Jamps by the following 
procedure: a 7 X 5 printing frame was placed hori
zontall y below 4 lamps of 500 watts each, inside a 
tunnel tra\·ersed by a po\\·erful current o f ai r direc ted 
t o the cupboard for drying the sensitized tissue (F . 
Flodin, 1933). 
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651. In order to obviate any uncertainty, it 
is desirable that the number of tints of the 
actinometer 1 should be marked either on the 
negative itself or on the list of negatives (§ 489). 
A note should also be made of the strength of 
the bichromate solution which gives the best 
rendering of each negative with a particular 
colour of carbon tissue. 

When taking the first print from a non-cali
brated negative (§ SrI), it is desirable to com
pare it witll other negatives from which good 
results have been obtained under known con
ditions. By m aking this comparison it is easy 
to judge the working conditions which will 
yield good results with the negative in use. 

(c) DE VELOPM ENT OF TISSUE BY SINGLE 

TRANSFER 

652. Choice of Support. According to the 
purpose for which they are in tended, carbon 
prints made for viewing by reflected light may 
be transferred and developed on paper, on opal 
glass, on metal, and getlerally on any support 
which can res ist the action of warm water. 

Matt opal glass needs no preparation beyond 
a thorough cleaning by means of soap and a 
brush so as to remove all t races of grease. 

Glass, porcelain, and metal should preferably 
receive a thin coating of bichromated gela tine. 
After drying, this should receive a long exposure 
to daylight to ensure complete insolubility. 2 A 
3 per cent solu tion of gelatine, t o which is added, 
at the time of using, 0 ' 1 per cent of potassium 
bichromate, may be used for this substratum. 
The warm solution should be flowed on ordinary 
or plate-glass in th e m anner already described 
for varnishing negatives (§ 479). The excess is 
drained off, and the gelat inized pla tes are dried 
free from dust. After an exposure of about two 
hours to daylight, the gelatinized supports are 
read y for use. 

Substances like ivory, 3 which are liable to be 

1 \ Vhen tho prints arc made by artific ial light. on 
an electric main o n which the voltage only varies 
s lig htl y , it is s ufficient t o indicate the bes t tlmc o f 
expos ure at a g iven distance from the so urce of light. 

2 The gelati ne may be replaced by a film of coagulated 
albumen or coagulated case inc, a fil m o f coll odion, etc. 
It is eve n p racticable to dispense with a ny preparal io n 
other than a scrupulo us clea ning. This is the prac ti ce 
in the trans fe r o f the carbon image to a shee t o r cylind er 
of copper to form the res ist for a p hotogravu re plate. 

S A necessary precaution in the case of ivory and 
all other s ubstances fro m which the bichromate cou ld 
not be re mov ed co ns is ts in washing the carbo n p rin t 
in several changes of water direc tl y it is taken fro m 
the pri nting frame. This washing must be continued 

permanently stained by the bichromate, should 
be prepared with a solution of gela tine hardened 
with alum. To a 5 per cent solution of gela tine is 
added 0-5 per cent of common alum; this coating 
becomes insoluble automatically during drying. 

Various papers sized with gelatine, or even 
some heavily baryta-coated papers for collotype 
printing, etc ., can be used as supports for the 
carbon print by hardening the gela tine with 
which they are sized or coated . Such papers 
should be immersed in a 5 per cent solution of 
chrome alum for 2 to 3 minutes, and then put 
as ide to dry. 

It is genera lly des irable to use the papers 
specially prepared for single transfer by the 
manufacturers of materials for carbon printing, 
or else to gela tini ze papers of more varied 
character, smooth, glossy, grained, tinted, or 
even wi th metallic surfaces. 1 

For the preparation of single-transfer papers, 
the paper chosen is fl oated on a warm solution 
of gelat ine t o which alum has been added. Or, 
alternatively , a fter having very slightly moist
ened the paper with warm water, the gela tine 
may be applied by means of a la rge brush . A 
warm solution of photographic gela tine, of 
st rength of about S per cent , should be used, 
addit ion being made at the time of use of I 

per cent of chrome a lum . This y ields a glossy 
transfer paper, and m ore glossy in proportion 
to the thickness of the gela tine coating. F or 
obtaining a matt coating it is necessary to 
emulsify in the gelat ine-alum solution raw 
starch previously mixed in water to produce a 
kind o f " milk." 

653. Transfer. Single- transfer papers should 
be cut a little larger than the carbon tissue 
which is to be t ransferred to them. They are 
immersed in cold water for 5 t o 10 minutes in 
th e case of thin papers, or for 2 to 3 hours for 
thick and rough papers. With the latter it is 
frequently advantageous to place the paper in 
wa rm water a short time before transferring the 
print, replacing it in cold water before the 
exposed ti ssue is applied to it. 

Gelatinized rigid supports should be soaked 
in cold water for 5 t o 1 0 mi nutes. 

The bes t tern perature of the wate r for trans
ferring is 60° F.; if a ir-beIls have been formed 
by the fl ow of water into the tank , the carbon 
until the bichromate is co mpletely elilllina,tcd. Th e 
washed print is then pu t to dry before it is to be t rans
ferred. 

r Very happy effec ts may be obtained on papers 
w ith a me tallic coat ing. partic ularly in ph otograph s 
of gold or silverwa re. 
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print should not be immersed in th e water until 
they have dispersed . 1 

Some minutes before the expiration of the 
t ime of soaki ng the paper, the carbon prin t to 
be transferred should be pl aced in the same dish, 
face downwa rds. It should be turned over for 
sufficient time to remove any a ir-bells t hat may 
adhere to the surface , and turned face downward 
again . Since the pa per absorbs moisture m ore 
q uickly th an t he gelatine, the prin t curls, the 
gela tine face becom i ng concave. A fte r a few 
moments, the gelat ine cont inui ng to a bsorb 
water, the pr int s traigh tens out, and by pro
longing the soaking, the gelat ine face would 
become convex. The exac t moment when the 
carbon print becomes fl a t is the point at which 
it should be applied, lmder the water, to the 
prepared surface of the support. 2 The print and 
tra nsfer paper are withdrawn together, quickly; 
they are placed on a sheet of t hick glass or 
marble on a table, tissue upperm ost, covered 
with a sheet of rubber or molesk in, and the 
intervening liq uid expelled by moderate pressure 
with the squeegee, the strokes being made from 
the centre towards the edges. In the case of 
thick or rough papers it is des irable to fll1ish the 
squeegeeing into contact by removing the rubber 
sheet and working the squeegee direct on the 
back of the pa per. 

1 If the ambient temperat ure is appreciabl y highe r 
tha n that of the mains supply , it is \Ve il t o a llo\V the 
watcr to reach the air temperature in order to avoid the 
appearance of num erous microscopic air bubbles due 
to the liberation of the di ssolved air. 

Z The s llccess ive w ctt ings and dryings o f the papers, 
the carbon tiss lie as well as the si ng le-transfer paper, 
p roduce a lternately ex pansions a nd contract ion s o f 
the image, at right a ngles to the fibres of each of the 
papers. I n order to compensate for these deformations, i t 
is well to arrange so t hat the vari ous papers used 
expand in the samc d irec tion . :Machinc- made papers 
always ex pand across the sheet or roll, and not in the 
rlirect ion of th e ir leng th. H a nd-mad e papers expand 
equally in each direct ion. 

To avoid with certa inty the expan sion and co ntrac
t ion of t he print t ransferred to a ri gi d support the 
method kn own in photogravure work as " cl ry laying" 
may be utilized, in which t he paper is wetted on its 
gelati ne surface only , and only at the instant of its 
contact with the support. The support is placed o n a 
s lightly slop ing table and the carbon paper is laid on 
it face down wards. A ru bber roller is passed over the 
paper un ti l the lower edge is rcached. There, by means 
o f adhesive tape, a strip of the paper about * in . wiele 
along the edge is fixed to t he support . The paper is 
the n ro ll ed up, with the pigment layer outwards, until 
it tou chl::s the roller. It is held against the roller whi ch 
is then slowly moved over the suppo rt which is sprayed 
with a jet of water. The paper unrolls and, at one and 
the same tim e, is wetted and pressed into contact 
(C. Rauch , 1936) . 

• 

After squeegeeing into contact , the carbon 
print on its support should be p laced between 
blotting boards for about IS to "20 mi nutes in 
the case of thin transfer papers, or 30 minutes 
when thick or rough papers are used . During 
t his time they shou1d be kep t between thick 
pieces of glass, loaded wi th weights . There is, 
however , no objection to keeping the prints 
between the blot ting boards in this manner for 
a longer time, provided that they do not become 
too dry . A carbon p rin t whi ch has been soak
ing too long before being a pplied to its support 
will not adhere. A prin t insufficiently soaked 
will only adhere in parts, the suction inducing 
air to penetrate between the film of gelatine and 
its new support. 

654. Development. Th e carbon print loses 
its sensitiveness to ligh t ent irely as soon as it 
is wetted for transferring. Consequently, devel
opment can be carried out in full dayligh t as 
freely as desired ; this is a lmost a necessity , in 
order tha t the operation may be thoroughly 
under control. 

The fll1es t de tails in the light tones are very 
much better p reserved when development is 
carried out a t a low temperature. 

The transfe r papers with the carbon prints 
adhering to them a re immersed one by one in 
water at about 95 0 F., the carbon p rint upper
most.! The print is readily recognized, as it is 
smaller than the t ransfer paper. The wa ter 
should fill the developing tank t o a depth of 
I t in. t o 2 in. A large number of prin ts should 
not be developed at the same t ime; there is a 
serious ri sk of inj ury t hrough one print rubbing 
against another. 

After a few momen ts , a little of the coloured 
gela tine from th e margin protected by the 
safe-edge begins to ooze ou t from the junction 
of t he carbon prin t and its support. The tem
perature of the wa ter may now be gradua lly 
raised to about 1 05 0 F., and then the paper 
which formed the original support of the print 
should be gently lifted and drawn away from 
the support to which the image has been 

1 P ri nts on rigid s upports can be immersed in the 
warm water with the print downward s if 5111all blocks 
of lead are arranged in the tank so th a.t t.he s upports 
can rest o n them without t hei r com in g into contact 
with the print itself. The origin al paper support w ill 
leave the print auto maticall y, and development w ill 
proceed without attention. I t can be well advanced 
before the support is turned face upwards for ftni shing 
develop ment by po uri ng water over the print. Develop
ment of prints o n rig id s upports may also be carried 
o ut in grooved ve rt ical tanks, or in separate frames 
used in vertical tan ks. 
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transferred . The original paper can be thrown 
away . If the paper will not come away easily , 
wait for about a minute longer , and then, if the 
paper still offers resistance, raise the temperature 
of the water to about II 2° F. by pouring very 
hot water , a litt le at a time, into a corner of the 
tank, sufficiently far from the prints to avoid 
in jury, mixing it rapidly with the water already 
in the tank. 

When t he backing paper is firs t removed from 
the print, t he image is scarcely visible; it is 
covered by the greater part of the excess of 
pigmented gela tine. The print should be turned 
face downwa rds to facili tate di ssolving away 
the excess of gelatine, and turned face upwards 
from time t o time to a llow the progress of 
development to be seen. 

F or development, the print is placed face 
upwards on a sheet of glass or zinc, somewhat 
larger t han the prin t. This should be laid on 
one of the sides of the sink and the bot tom of 
the developing d ish, and then warm wate r 
should be poured from a jug on to the upper 
part of the glass or zinc pla te, above th e print, 
in such a man ner that the water fl ows in a sheet 
over the print and draws away the last particles 
of coloured gelatine. 

Development is completed when there are no 
longer any coloured drainings either on the light 
tones of the prints or on the lower margin of the 
print when it is held vertically . The strength of 
the image increases slightly in drying; the pri nt 
should, consequently, be a little less vigorous 
than desired when finished. 

The development of a correctly-exposed print 
requires, as a rule, from two to ten minutes. 

If a prin t is too ligh t it is a sign of either 
insu fficient exposure or the use of wate r at too 
high a temperature during development. If 
other prin ts have been taken under identical 
conditions, development should be tr ied at a 
lower temperature. 

If a prin t is too dark it indicates either 
printing for t oo long a time, or that the tissue 
is veiled, or that the water used for developing 
has been t oo cool. Development should be con
t in ued in hotter water, ra ising the tem perature 
gradually, but without exceeding 140°F. Be
yond this temperature blisters are sure t o 
appear as well as a genera l reticulat ion of the 
gela tine. 

At tempts may be made t o rec t ify considerable 
over-exposure of the print by adding t o the 
water small quantit ies of ammonia or of an 
alkaline carbonate. Very small traces of eau de 

J avelle l may also be added. Further, the print 
may be placed for a few moments in a dilute 
solution of ammonium persulphate, which re
oxidizes to the condition of chromic acid
which is eliminated in wa ter the chromium 
oxide which causes insolubility of the gela tine 
(R. Namias, 1899) . A 2 per cent solu t ion of 
ammonium persulphate, acidified with a li ttle 
sulphuric acid, should be used. 

It is a lso practicable, t o a certain extent, t o 
lighten the prin t locally and brighten up the 
h igh-ligh ts, especially the margins, by lightly 
rubbing with a tuft of cotton-wool or a soft 
brush, or by the local applicat ions of warm 
water. 

When development is completed, th e print 
should be rinsed in cold water, being preferably 
immersed face downwards. Then it should be 
placed in a solution of common alum, of about 
5 per cent strength, until the last traces of 
b ichromate have disappeared. The b ichromate 
is removed b y alum far more readi ly than by 
plain water. If blis ters appear in this bath it 
may be omit ted; the residue of the bich romate 
can be removed by washing in water to wh ich 
a very small q uantity of sod ium b isulphite has 
been added. The work is completed by washing 
for a few minutes in running water, or water 
frequently renewed. The prints should th en be 
dried spontaneously , by being hung up on lines, 
care being taken t o avoid touching the im age, 
which is very tender and fragile, until it has 
been dried . 

655. Transparencies and Positives. In addi
t ion to the advantage of producing permanent 
transparencies in any desired colour, determined 
in advance, the carbon process possesses the 
invaluable property of a long scale of grada tion, 
and, almost throughout the entire length of th is 
scale, a remarkable fid elity of rendering. The 
characte ristic curve (§ 202) is practically a 
st raigh t line, of which the inclina tion is always 
below unity excepting when the sensit izing 
bath is reducecl in strength t o 0·5 per cent of 
bichromate (A. Schuller, 1913) . :rhe contrasts 
are slightly increased when the sensitizing 
bath has been neut ralized by the addition of 

• 

a nl nl011 1a. 

This property , in which the carbon process is 
uniq ue, renders i t specially valuable for making 

1 It should be recorded t hat it has been proposed 
to develop carbon prints in cold water by addin g 
ferments or bacteriological cu ltures (L. J acobson, 1908). 
alcoholic solutio ns of ammonium sulphocyanidc (F. 
D ogilbcrt , 19I4 ), dilute aqueous solutions of cau de 
J avelle (S impson , r868) , etc. 
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positives. It was formerly a rule with photo
graphic publi shers to keep a carbon trans
parency of every negative of value. From this 
transparency it was possible, in case of any 
accident happening to the original, to make a 
new negative by the same carbon process, 
st rengthening the images at each stage of the 
work, if necessary, for proportionally increasing 
the contrasts. 

Carbon tissues specially prepared for trans
parencies are generally richer in pigment, a nd 
the colour is more flll ely ground. Excellent 
transparencies may be obtained , however, by 
using the ordinary carbon tissues. 

To facilitate the action of the light to the 
greatest depth, i t is desirable to reduce the 
s trength of the sensitizing bath to about I or 
14· per cen t of bichromate, and to add ammonia 
until the yellow colour is reached. Printing 
should be done in daylight. 

Glass for transparencies should be carefully 
selected, free from defects, and as th in as 
possible, if the transparencies are intended 
for the stereoscope or for proj ection in the 
Ian tern. 

When it is desired to in tensify the trans
parencies or t o modify their colour, the sub
stratum must be impermeable t o water. For 
example, a solu tion of india-rubber in benzole 
may be used. It may be prepared by dilu ting 
the commercial paste (used for repairing pneu
matic tyres) down to the consistency of a thin 
syrup. 

The manipulations are the same as those 
a lready described in the preceding paragraphs. 
The control of the development of the image will 
be facilitated if the transparency is held over a 
white surface uniformly illuminated. A sheet 
of opal, enamelled iron, tiling, pottery ware, 
paper, etc., will answer wel]1 

656. Intensification and Toning of Images on 
an Impervious Support. Carbon prints or tra ns-

1 A transparency or pos itive may, if requi red , be kept 
in the form of a loose fi lm by adoptin g the followi ng 
procedure . A sheet o f plate glass sho uld be po lished 
with powd ered tal c and coated with to ugh collocli on
collodion co ns ist ing o f 2 per cent o f nitrate o f cell ulose 
in a mixture of equal parts of a lcohol and ether, to 
which has been added It p er cent of cas tor o il. This 
should be a llow ed to dry for about a n hour. The carbo n 
print is t ransferred to the collocli onizccl s urface, 
devel op ed , washed , and dri ed. The glass should then 
be ca refully levell ed by m ea ns of wedges, a nel coated 
with a 10 per cent solution o f gelatine to which has 
been added about 3 elL of gl ycerine to 2 0 oz. of solution 
( lO C.C. p er litre) . Wh en the gela tin e has set, the plate 
is pl aced in a vertical p ositi on t o complete the dry ing. 
When thorou gh ly d ry , the film is cu t through to the 

parencies transferred to pla in opal or t o glass 
prepared with a solution of india-rubber can be 
strengthened by precipitating an insoluble salt 
in the image. The most simple method consists 
in immersing the print in a neutral solution of 
potass . permanganate, which deposits brown 
hydrated manganese dioxide in the gelatine . 
The stronger the solution of permanganate, or 
the longer it is a ll owed t o act, the greater will 
be the deposit. After the strengthening, a brief 
rinsing is all that is necessa ry . Should the 
intensificat ion be too great, the image can be 
restored to its original condition by immersion 
in a very dilute solution of sodium bisulphite. 

Black sulphide of lead, prussian blue, etc., 
can also be formed in the image by immersing 
it in a very dilute solution of lead nitrate or 
potassium ferrocyanide, and then, after a slight 
rinsing, in a dilute solution of sodium mono
sulphide or ferric chloride, followed by a very 
thorough washing. 

The film may also be stained uniformly by 
one of the acid dyes previously described for 
the staining of prints produced by the silver 
processes . 

Intensificat ion by means of permanganate 
can be carried out with prints made by double 
transfer while they are on the t emporary 
support. 

(d) DEVELOPMENT OF TISSUE BY 
D OUBLE TRANSFER 

657. Preparation of the Temporary Support. 
A carbon print can be transferred , for develop
ment, t o a large variet y of temporary supports, 
from which it can be transferred, when fini shed, 
to its final support. According as the surface 
of the temporary support is glossy or matt , the 
finished print will possess either a glossy or a 
matt surface. 

Among others, the following may be used as 
temporary supports : Opal, glass, zinc, alumin
ium, and enamelled iron, a ll of which may be 
polished or matt; and also celluloid, sheet india
rubber (hospital sheeting), and varnished paperl 

Rigid temporary supports can only be used 

glass ; a corner should be raised gently , and the film 
separated from the glass . 

1 Zinc oxid izes very readily if it is all owed to dry 
spo ntaneously. Pigmented papers with e ither a white 
or very light coloured film should b e preferably trans
ferred t o sheets of ebonite so that th e strength of the 
image can be more easily judged. The m ethod o f 
preparing ten1porary paper supports is not given, as 
they are readily obtained comm ercially; hospita l 
sheeting can a lways be substituted. 
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when the final transfer of the image is made on 
a flexible support. 1 

The special papers don' t require cleaning. 
The temporary support, whatever it may be, 

must be coated with a film that will ensure 
adhesion of the pigmented gelatine during 
development. But this adhesion must be less 
than that of the image t o the film of unhardened 
gelatine with which the final support is coated . 
These conditions a re fulfil led by employing a 
mixture of wax and colophany, obtained by 
mixing the two following solutions, prepared 
cold 2 

A 

B 

T urpentine . 

Colophany . 

• 

• 

Benzine (crysta llizabl e) 

Y cll ow beeswax . 

• 

• 

• 

9 oz. (250 c.c .) 

54o g r. (3 5 grill .) 

27 oz. (7 50 c.c .) 

3 TO gr. (2 0 grm .) 

The light encaustic solution thus obtained 
should be kept in a well-corked bottle. A small 
quantity for regular use may be kept in a 
dropping bot tle. 

Th e glass or opal must be cleaned with a hot 
lye (a strong solution of washing soda), rinsed 
freely in plenty of wate r, dried at once, and 
polished with a fine fabric moistened with 
methylated spirit. 

Zinc and aluminium should be cleaned 
thoroughly with a paste of whi tening and water, 
then placed for a few minutes in a 2 per cent 
solu tion of hydrochloric ac id and rinsed in plain 
water. They should then be dried rapidly , 
either near a fi re or in a quick current of air; 
or they may be dried by means of a cardboard 
fan. 

Celluloid and india-rubber sheeting should 
be cleaned with water containing a small pro
portion of ammonia , then rinsed in plain water 
and dried with a thoroughly clean , fine fabric. 

A few drops of the waxing solu t ion should be 
poured on to the temporary support selected, 
and spread uniformly with a tuft of fl annel. 
A second tuft of fl annel should be used to equalize 
the coati ng by rubbing with a circular motion, 
the circles crossing and re-crossing as in polish
ing. It should be left for about an hour to 
permit the solven ts to evaporate completely . 

1 The usc of a fl ex ible tCI11porary support is a lso 
necessary when the image is to be fi nally transferred 
to a th ick rough paper. 

2 The w ax may be Ineited ; a fter exting uishi ng the 
flame pour the me lted wax into the benzine. 

When any other support than the papers 
specially prepared is used for the fi rst time, it is 
desirable to wax it several times. This ensures 
that the mixture of wax and resin covers the 
entire surface, including the depth of the 
gra m. 

After use, the temporary supports should be 
s tored where they are quite free from dust. 
They can be used many t imes in succession 
without any other prepa ration th an the appli
cation of a very thin coating of the waxing 
solution each time that they a re used. 

658. Transfer on Temporary Supports. P aper 
temporary supports must be so ftened by being 
immersed in cold water for 1 0 minutes before 
the carbon print is squeegeed into contact. This 
time must be increased to about 30 minutes if 
the back of the paper has been rendered im 
pervious by ei ther wax or varni sh. 

Supports which are completely impervious 
need only be immersed in water at the moment 
of bringing the carbon print in to contact with 
them. 

The transfer is effected under conditi ons 
identical with those already described for apply
ing prints to their support in th e single transfer 
process (§ 653) . 

659. Development. On accoun t of th e pres
ence of the film of wax on the tempora ry support, 
development cannot be carried out at such a 
high t emperature when the print has been over
exposed as in the case of a print fini shed by 
single transfer. It is, moreover, for the purpose 
of raising the melting-point of the wax tha t such 
a large proportion of resin is added to the wa xing 
solution 1 

With th e exception of this point, the develop
ment of prints on a temporary support is carried 
out in exact ly t he same manner as previously 
described (§ 654) for the development of prin ts 
by single transfer. 

In the event of a separation of the gela tine 
fi lm from its support during development, it is 
well t o place it immediately in a n alum ba th. 
After a few minutes the print may be quickly 
rinsed and put aside to dry . The development 

1 This limitation of the temperatu re docs not apply 
whe n a paper coated with a thin film of ullvu lcan izcd 
rubber is used as the temporary s upport. It is, however, 
necessary, when the ad hesion o f the developed image 
with the gela tin ized fma l s upport has been sec ured, 
to mo isten the back of the temporary support w ith 
benzine in order that the prin t may be separated from 
i t . In addition , the image itself must be cleansed with 
benzine in order to re move the fragments of rubber 
which adhere to it. 

• 
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may be continue"' , if necessary, after thoroughly 
drying. 

Washing and the dipping in the alum bath 
may be slight ly shortened, the bichromate being 
unable to penetrate the temporary support. 

Excepti ng when prints a re very urgently 
required, it is desirable that they should be 
allowed to dry on the temporary support, after 
the alum bath and washing, before being 
transferred. The gelatine which forms t he 
image then possesses greater resistance, and is 
Hot so liable to be t orn or spread under the 
pressure of the squeegee when being transferred 
to the final support. In addition, the rel ief of 
the image being considerably less, contact 
between the half-t ones and the gelatine of the 
final support is m ore easily ensured ; these 
half-tones form depressions in relation t o the 
shadows. Retouching and spotting can also be 
done before the fin al transfer, and they are 
then practically invisible. 

Drying should take place at the temperature of 
the surrounding air, care being taken to prevent 
the rays of the sun from reaching the print. 

660. Preparation of the Final Support. Double 
transfer papers of various kinds, thicknesses, 
and textures are obtainable commercially. They 
a re coated with a thin film of gelatine, not 
hardened, and meet practically all usual require
men ts. 

All papers of good quality , provided that they 
do not change by exposure to light or air, can 
be utilized as final supports. They must be 
coated on one face with a solution of gelatine to 
which a very small proportion of alum, and, at 
discretion, a very small quantity of glycerine, 
have been added. The object of the glycerine 
is to render the gela tinized paper flexibl e after 
drying; it is almost completely removed in the 
soak ing of the support preceding the final 
transfer.1 

All other supports on which it is proposed to 
transfer the image finally must be coated with 
a solution of gelatine. The solution should be 
about 6 per cent strength, and it should con
tain from 9 to IS gr. of common alum to each 

1 I ns tea d of coating paper wi th gelatin e in a d vance 
to form t he final support, it may be soaked in water 
until th oroughly soCt, and then, at the time o f applying 
it to the t emp orary support, immersed in h ot water 
a nd then fl oa ted fo r a few moments on a warm solution 
of gelatine. This solu tion sho uld h ave a strength of 
abo u t I oz. of gelatine, and abo ut 9 gr. of common 
alum in 20 oz. of w ater. T he paper must b e brought 
a t once into contact with the m oist image, and the 
excess of gelatine rapidly expelled by the squ eegee 
b efore it has had time to set. 

20 oz. of solution ( I to 2 grm. per litre) . This 
preparation is specially necessary for opal 
glass, porcelain, ivory, celluloid, or wood. Wood 
should have the surface made perfectly matt 
with glass-paper. Before coating canvas pre
pared for painting, it is necessary t o pumice
stone the prepared surface, wash it with a 
solution of soda to remove any grease, rinse it, 
and then apply two coatings of gelat ine. It 
should not be stretched on a frame until after 
the final transfer of the image . 

66I. Final Transfer. The double-transfer 
paper should be cut rather larger than the actual 
size of the image, but smaller than the temporary 
support. 1 . 

About half-an-hour before the final transfer 
- an hour for thick papers the double-transfer 
paper should be softened by being immersed 
for a few momen ts in warm water. The tem
perature should be from 85° t o 95° F. , excepting 
in the case of paper that has been kept a long 
time, or paper of which the gelatine coating 
contains a large proport ion of alum , when it 
may be from 104° to II2 ° F. The paper should 
then be placed in cold water, in which the 
gelatine will con tinue to swell. A few minutes 
before t ransferring, the t emporary support con
taining the image is also immersed so that the 
gelatine may absorb water. The gelat inized 
surface of the final support is then brought into 
contact with the image, 2 care being taken to 
avoid air-bells forming between them. The 
temporary support with the final support cling
ing to it are brough t out of the water together, 
placed in a firm position on a marble slab or a 
table, covered with a sheet of india-rubber, and 
the greater part of the water expelled by light 
strokes of the squeegee. The sheet of indi a
rubber should be lifted for a moment to ascertain 
if the fm al support is in the correc t position. 
This verification can be made by transmitted 
light if the two supports are t ranslucent. The 
remaining water is then expelled by somewllat 
firm er strokes of the squeegee , and the print 
put to dry spontaneously . If the two supports 
are flexible, hanging from a line is the preferable 

1 I n order t o avoid premature det achment of t he 
image from a rig id t emp orary support throug h drying 
too rapidly, the final support is so m ctimes cut larger 
than t h e tcmporary support, so that the margins over
la p and are folded and g lu ed over the back of the glass 
or metal p late. If thi s premature sep aration OCCUfS, it 
results in patches of g reater Of lesser brilliancy than the 
rest of th e image. 

' It has b een p roposed to effect the final transfer 
in a solution of common a lum of a strength of T to 2 

p er cent. 
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method; if either of the supports is rigid, a 
draining rack should be used . 

Dry ing must not be t oo rapid, or there is a 
risk of the image leaving the final support, 
especially in the shadows. Drying t oo rapidly 
may also cause a glazing of the image in parts. 
If the air is very dry and the temperature high, 
it is well to retard the drying by keeping the 
print for several hours between moist blotting 
boards. 

When the final transfer is made on any gela
tinized support other than paper, the prelim
inary soaking in cold water will not require to 
be longer than 2 0 minutes, unless a large propor
tion of alum has been added to the gelatine. 

After drying thoroughly , the print adhering 
to the final support should sepa rate from the 
temporary support either spontaneously or by 
pulling it away gently, provided that the 
temporary support has been properly waxed. 
If both supports a re flexible, t heir separation 
can be efiected by drawing them under the edge 
of a ruler, as in stra ightening out a paper which 
has been rolled. 

Any wax which may finally adhere to the 
print may be cleaned off with a tuft of fl annel 
moistened with benzine or petrol. 

With care, it is easy to transfer on t o the same 
support several distinct subjects, such as the 
portraits of the various members of a family; 
or, equally, the several elements of the same 
picture, such as the addition of clouds t o a 
landscape, a background to a portrait, the 
different parts of a panoramic view, etc., can 
all be treated in the same manner. These 
combinations are facilitated by the employment 
of either a transparent or translucent temporary 
support. 

A carbon print can be glazed, after it is 
finished, by being re-wet ted and dried on glass 
(§§ 614- 61 5) 1 

662. Retouching and Colouring. Retouching 
and colouring should, preferably , be done before 
the final transfer,2 with the exception of 

1 Formerly e namelled carbo n prints were made by 
us ing a temporary s upport o f p late g lass, prepared 
in the following manner: The g lass was flfst s lig htly 
waxed and then coated with coll od ion . It was imme rsed 
in cold water as soo n as the collodion was set until the 
print was rcady to be trans ferred. The fi lm of collodion 
remained attached to t he image after t he latter had 
beco me imbedded in the gelatine of the fi nal support. 

2 Prints made by s ingle transfer can, obviously, 
only be retouched on their ex terior surface. But the 
re touching can be made to ass im il ate with the image 
by holding the print fo r a few mome nts in the steam 
issuing from the spout of a kettle of boiling water. 

vignettes, which are generaIly finish ed in paste 
after the print is finally completed. 

F or retouching, it is evident that all wa ter
colours may be used, mixed in such a manner 
that they match the colour of the print. But 
it is prefera ble t o obtain, from the makers of 
the carbon tissue, colours prepared from the 
same pigments as those used in the manufacture 
of the tissue. Or a still more simple plan may 
be adopted : the trimmings of the t issue before 
sensitizing will provide the necessary colour. 
A cold solution of alum should be applied to 
the pigmented gelatine with a sma ll brush in 
order to avoid any spreading of the retouching 
during the final transfer. 

Finally , a light tinting can be applied to the 
image before the final tra nsfer. This colouring 
will be seen through the image after it is trans
ferred. For this tinting, albumen colours are 
preferable ; they may be diluted with a solution 
of alum. 

663. Principal Failures in Carbon Printing. 
In addit ion to the failures common to all print
ing processes, a lready considered in § 617, the 
principal failures in carbon printing, by single 
or double transfer, and their causes, are the 
following-

The F ilm of Gelatine Cracks or Splits. The 
tissue is t oo dry when unrolled for sensitizing 
or printing. It should be moistened by being 
kept for some hours in a cool ce lla r, or in a 
cupboard where several dishes of wate r have 
been placed . 

The Gelatine Dissolves dming Sensitizing. 
The bath has been too warm, or the tissue has 
been allowed to remain too long in the bath. 

Running of the Gelatine during the Drying 
after Sensitizing. Due either t o drying in too 
warm a place, or by keeping too long in the 
sensitizing bath. 

Imperfect Adhesion between the Gelatine and 
the Stlpport during Development. There a re 
several causes of this defect. The tissue may 
have been soaked t oo long before transferring, 
or the margins may not have been protected, 
or insufficiently protected, by a safe-edge during 
printing. Further, the gelat ine may have be
come insoluble through very slow drying after 
sensitizing, or by being kept too long af ter 
sensitizing, or by a general exposure to light. 

The Original Paper Support R efuses to Come 
away in Developl1wnt. If the edges only come 
away it is due to over-exposure, and it is 
advisable to try hotter water, or the addition of 
ammonia, or placing the print in a solution of 
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ammonium persulphate. If the paper will not 
come away at all, even at the edges, the ti ssue 
has been fogged by general exposure to light. 

The Print is too W eak. The cause is insuffi
cient exposure in printing. 

The Print is too Dark. Over-exposure. 
H otter water should be used. 

Blisters Appearing during Development. Due 
to air-bells imprisoned under the film. 

The I mage Washes Off. The causes are the 
same as those of faulty adherence to the support, 
or the print may have been transferred t oo soon, 
or there has not been sufficient resin in the 
waxing preparati on on th e tempora ry support. 

Markings and R eticulation. May be due to 
sensit izing and drying at too high a temperature, 
or rough handling with the squeegee, or trans
ferring in water which was too hot or t oo alka
line. 

Patches of Irregular Density. Mostly caused 
by t he original paper su pport having been 
removed too late , and so protect ing certain 
parts of the image from the action of the water. 

The I mage Comes A way f rom the Temporary 
Support during Drying. This is due to insuffi
cient resin in the wax ing preparat ion or t o the 
drying having been too rapid. 

The F inal Support Refuses to Come A way 
from the Temporary Sltpport. This is probably 
due to t he tempora ry support not having been 
waxed; or t he wax may have been removed in 
places by too much polishing, or the waxing 
solution may con tain t oo much res in. 

The I mage is P artly on the Temporary S1tpport 
and P artly on the Final Support. This is due 
to the gelatine of the fin al support not having 
been sufficiently swollen in water before trans
ferring, or having been dissolved in places by 
being immersed in water at too high a t empera
t ure. 

Shiny or Silvery Markings Appearing in the 
L ight P arts of a Print Produced by Double 
Transfer, after Drying. Due to faulty ad hesion 
of the depressions of th e print with the ge lati ne 
of the fin a l support, th rough excessive swelling 
of the print before the second transfer. 

(e) CARBON PRI N TI NG ""!THOU T TRANSFER 

664· The Artigue and Fresson Processes. 
Used for his own priva te work from 1878 by 
F. Artigue, a carbon paper to be used without 
t ransfer was placed on the market in 1894 by 
V. Artigue, under the name of "Charbon 
Velours." The coating of pigment is obtained 
by spreading on the paper, whi ch is sized so as 

to stop-up the pores, a mixture of gela tin e, 
sugar, and glucose. While this is still sticky, it 
is dusted over with a very fin ely divided pig
ment, according t o a method of Beauregard 
(1857) and of Blair (1863). 

Similar results may also be obtained by in
corporating the pigmen t in th e mixture of 
colloids, using about 5 parts of pigment to I 

part of the mixture of gelatine and sugar , and 
coating paper with an exceedingly th in layer of 
this mixture; a similar p rocess is employed in 
preparing the Fresson paper (1900) , made in 
various tints on supports of different textures. 

After sensitizing for two t o three minutes in 
a weak solution of bichromate (2 per cent at 
the m ost for daylight printing) , preferably 
neutralized by addition of ammonia (till the 
colour changes from orange t o ye ll ow), at a 
temperature not much above 60° F., th e paper 
is dried in darkness, and printed under the 
negative in the usual way. There is no need 
to mask the negat ive , and printing is timed 
by means of a photometer. 

The exposed print is first soaked for several 
minutes in cold water, taking care to avoid air 
bubbles on either side of the paper, and th en for 
a few seconds in tepid water, at a temperature 
not exceeding 86° F. H ere the high-lights of 
the picture, protected during printing from the 
action of the light, swell and form an im age in 
relief. During this immersion in t he warm water, 
especially in the case of Fresson paper, t here 
often appears a silhouette of th e image, ei ther 
negative (in the case of under-exposure) or 
positive (in the case of over-exposure). In 
either case the paper should be removed from 
the warm bath in order t o be "developed" 
before the image becomes distinct. 

To do this, the prin t is fixed by its upper 
edge to a zinc s trip with cl ips, or laid on glass, 
or other rigid support, held almost ,·cr tieally , 
and laved by means of a wide-mouthed coffee
pot, or a casserole with a long spout , with 
a mixture of white wood sawdust' (silted 
through mesh No. 120) and water, in the p ro
port ion of 2 oz. to 1 0 oz. of sawdust to 20 oz. 
of water warmed to about 68 °-75° F. 2 in a la rge 
tub, above which the print is held. Th e mix tnre 
of sawdust and water must be poured on to the 

1 \ ,Vooel sawd ust may be replaced by ki csclvuhr 
(infusori al earth), whi ch is much fll1cr and less harmful 
t o the light de tails (J . Desalmc. 1922) 

2 The optim um temperature for " development" is 
!:iomctimcs considered to be 2 ° F. iower th an that 
necessary ior th e total di ssolution of the coloun.:d 
coating in 1 minute. 
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upper margin of the print, so as not to attack 
too vigorously the image over which it flows. 

The slight friction of the sawdust on the 
previously swollen image drags away the pig
ment more quickly from the parts which are in 
greater relief and thus impedes the stream ing, 
these differential frictions giv ing the modelling 
of the half-tones . 

The same sawdust mixture may be used 
repeatedly , especially with addition of an a nti
septic. Also, from time to time, it can be 
filtered on fin e linen and washed with very hot 
wa ter to free it from soluble matter. 

The operator may use local control, by lighten
ing certain parts with a stronger jet of the saw
dust mixture squirted directly on, or by gel1tie 
touches with a brush or wet tuft of cotton-wool. 

The image is somewhat tender , and should not 
be submitted to prolonged washing, so that it is 
best to eliminate the bichromate by immersion 
in a very dilute solution of sodium bisulphite, 
after which the print is briefl y rinsed, and left 
to dry of itself by ha nging it on a line. 

665. Papers Exposed through the Back. At
tempts have been made at various intervals to 
revive the use, in pictorial photography, of 
ordinary carbon t issues, rendered semi-trans
pa rent with paraffin oil afte r sensitizing, a nd 
then exposed through the support (V. Blanch
ard, 1895) ; or the exposure could be through a 
translucent paper (e.g. J apanese paper) on t o 
which the carbon tissue had been transferred 
on removal from the sensitizing bath. 

The following working method, described by 
H. K iihn in 1921, under the name 'of " Leim
druck " (glue printing), is employed by some 
German artis ts. 

Sheets of strong glue (Lyons glue or Cologne 
glue) are broken with a hammer into small 
pieces, a nd soaked in cold water for about 
48 hours. The excess of water is poured off, 
and this glue is dissolved in a water-bath in the 
water which it has absorbed. Then, in a mortar 
or on a polished stone slab, a re mixed, with a 
grinding muller, about ISO minims of this 
solution,' 75 minims of a IO per cent solution 
of ammonium bichromate, and IS gr. of a very 
finely-ground black pigment (soft drawing 
crayon), the t one of which may be rendered 
warmer by a lit tle red chalk; if the mixture is 
too thick it may be diluted with a very li ttle 
water. 

1 U nder the same condit ions o ne can use strong 
l iquid glue; the" d evelop ment" wou ld the n b e d one 
in cold water. 

A white or slightly-tinted paper, of smooth 
surface and thin substance, and larger than the 
negative, is fixed to a board with drawing pins, 
and covered rapidly with the pigmented glue, 
using a large soft brush. The coating must be 
sufficiently thick, but not t oo thick, or it will 
crack'n drying . Inequality of coating has no 
harmful effects so long as the coat ing is suffi
ciently thick in all parts. After drying, a very 
glossy coating indicates that the proportion of 
gelatine to pigment is too great ; a too matt 
coating points t o an excess of pigment. 

When drying is quite complete, the gelatine 
side of the sheet is laid down on a glass slab, and 
the back is covered over with paraffin oil , two 
applications at least, with a tuft of cotton-wool, 
the operation being done in a somewhat dark 
corner. A few minutes are allowed to elapse 
a fter each treatment, and any excess of paraffin 
is removed with blotting-paper before exposure. 

Exposure to light being made through the 
support, the final image will be reversed unless 
a reversed negative or a film negative is em
ployed . With many subj ects, however, reversal 
does not matter. 

The printing is best timed by means of an 
actinometer covered with a piece of the same 
paper employed as support, and similarly treated 
wi th paraffin. 

When t aken from the printing frame, the print 
is washed in cold water for about five minutes, 
then" developed" in warm water at about 85° F . 

When drying is complete, the paper is cleaned 
by immersion fo r about th ree minutes in a grease 
solven t, e.g. petrol, benzine, or, preferably , a 
non-inflammable solvent such as carbon tet ra
chloride. As the paper, however, still ret ains a 
slight translucency, prints should be mounted 
with starch paste on t o white card. 

(f) THE GUM-BICHROMATE PROCESS AND 

ITS VARI ATI ONS 

666. Gum-bichromate. Invented in 1858 by 
Pouncy, at a time when the only working 
methods in favour were those yielding abso
lutely sharp pictures of a structure imperceptible 
to the eye, the gum-bichromate process fell into 
oblivion unt il R ouille-Ladeveze (1894), then 
R. Demachy, A. Maskell, C. Puyo, and many 
others showed the excellent use which could be 
made of it. Con trary t o a widespread opinion, 
the gum-bichromate process does not necessarily 
need artistic handling. It is able to give, frum 
a good negative, excellent prints without any 
personal interpretation. In France and other 
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countries, this method has, during r ecent years, 
been almost t otally abandoned in favour of 
methods employing greasy inks, and it must 
often be regretted that such has been the case 
in view of the success with which the process is 
still used. 

It is best to use only raw pale Senegal gum, 
with the addition of a suitable antiseptic. The 
gum solution improves with age, and there is, 
therefore, no obj ec tion to preparing a certain 
quantity in advance. It is customary to employ 
the moist water-colours 1 supplied in metal 
tubes, which have the advantage of bei ng 
already very finely ground in an excipient which 
mixes readily with the gum solution. 

The bichromate may be mixed with the pig
mented gum solution before being spread on 
the paper; certain workers prefer, however, t o 
impregnate the paper with a solution of about 
IO per cent of potassium bichromate, and then 
to dry it, before coating with the mixture of 
gum and colour. 

667. Preparation of the Mixture. In a glass 
jar of capacity about 20 OZ. , suspend a small 
bag of muslin in which has been put 10 oz. of 
gum, roughly broken up. Fill with cold water, 
and cover with a paper or cloth to prevent dust 
falling in .2 The solution slowly becomes acid, 
and its fluidity increases progressively ; after 
two or three weeks, dissolve in it 20 t o 2 5 gl'. 
of salicylic acid or thymol, in order t o stop the 
fermentati on. 

It is best to choose from a small number of 
mineral pigments of great covering power. For 
black, use lamp-black (ivory-black is often too 
transparent) , the t int of which may be warmed 
with a little yellow ochre or burnt umber, or 
tinged with blue with a little indigo; for reds, 
red chalk and Venetian red, with some burnt 
sienna or burnt umber. 

The average p roportions of gum and bi
chromate are-
Gum solution, 50 0/0 .. . 3 volumes 
Saturated solution of potassium bi ch romate 

(8 to roo/a) . . . . . 1 volume 

but will vary with the fluidity of the gum 
solution. For I volume of bichromate solution, 
2 to 4 volumes of gum solution will be taken , 

1 It is poss ible to obtain pictures perfectly free from 
grain by using, instead of solid p igments, the indelible 
inks (Ch inese inks and inks of all colours), used in 
commercial drawing (E . Q uedenfelt, I923) . 

2 Some workers d issolve, with the gum, a l ittle sligar 
(about 5 per cent of the weight of the gum) to increase 
the p ermeability of the d ry gum and facilitate develop
ment. 

according as the latter is very thick or very 
fluid . The proportion of gum will therefore vary 
with its age; as a rule, the coating should con
tain as much gum as is compatible with the 
spreading of an even film (c. Puyo, 1 903) . 

It is difficult to give figures for the proportion 
of pigments in the mixture, not only on account 
of variations in the covering power of the 
various pigments (or even of one pigment, 
bought successively under different brands), but 
also because of variations in th e thickness given 
to the film when coating . 

By way of a rough guide, the best that can 
be said is th at for b lack prints, the average 
proportion is IS gr. of moist colour for 3 drm. 
of bichromated gum. It would really be more 
precise t o say that the proportion of pigment 
should be such that, when coat ing th inly , the 
film should appear dark-grey (somewhat tinged 
by the bichromate) , and not black. 

The mixture is made up on the basis that 
about I drm . of pigmented mixture is required 
to cover a sheet 10 X 8 in. intended for pictures 

.l . 
92 X 7 111. 

The ingredients are mixed in a basin, with a 
hog-hair brush, size about 2 in. broad, and 
rather stiff. A drop of the m ixture is placed on 
the paper and spread with the finger in order 
to judge of the depth of t one. 

668. Coating the Pigmented Gum. The paper 
must be sufficiently sized to prevent the colour 
penetrating its substance. All drawing papers 
generally are suitable, if given a furth er sizing 
with a weak mixture (about 1'5 per cent) of 
arrowroot or st arch , spread warm with a large 
brush. With writing papers, strongly sized with 
resin, the coating of the mixture is usually 
difficu lt. Chinese or Japanese papers need 
delicate handling. For the first trials it is well 
to choose a paper of very fin e grain but not 
absolu tely glossy. 

On a drawing-board place a thick Bristol 
board (a Bristol board may be used a long time 
for papers of the same size) , to which fix, with 
four drawing-pins, the paper to be coated. 

The brush is well charged with the mixture, 
and lightly scraped on the edge of the bowl so 
as to contain as nearly as possible just the 
quantity required t o cover one sheet of paper. 
It is rapidly drawn the long way of the paper, 
the trail of m ixture thus deposited being 
immediately spread over the whole surface of 
the sheet of paper by cross movements, without 
leaving any bare spots. The excess of mixture 
is immediately removed, and the coating is 
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smoothed over with a flat brush, either hog-hair 
or goat-ha ir, fairly thick a nd not t oo supple. 
The coating being thus uniform, it is finished 
by being smoothed with another brush, sim ilar 
to t he preceding, which is used wi th less and less 
force on the paper , while the board is turned in 
all directions. (F or this purpose the board m ay 
be placcd on a coin. ) Coating should not 
las t much more t han one minute; a little less if 
possible 1 

The sheet dries in about 15 minutes . . H old it 
near a stove or pass it above a flame, if necessary , 
until the paper shows a tendency t o crack. 

Prepare only the number of sheets necessary 
for one day, or, at the most, for the next day . 

669. Exposure and Development. There being 
no transfer of the picture, prin t ing is done under 
a negat ive in the usual way . Prin ting must be 
cont rolled with an actinometer ; t he time will 
depend on both the colour of the pigment and 
the thickness of the coating at t he poi nts where 
it is thickes t in the hollows of the gra ined paper. 
Thus, it a lso varies with the grain of the paper, 
a coarse-gra ined paper possibly need ing a time of 
pr inting double that which would suit a smooth 
paper. And, finally, it varies with the age of 
the paper. Paper which has just been prepared 
should be exposed a li ttle less than paper 
prepared the night before. 

The finest blacks are obtained, as a rule, wi th 
very slight under-exposure, t he pict ure then 
developing in cold water in a very short time ; 
over-exposure gives harsh pictures, with greatly
pronounced, and often irregular, grain. 

Development must be done very shortly after 
exposure to the light. 

For automatic development the only plan 
recommended to beginners the print is floated 
face down in a dish of water, and exam ined from 
time to time. The picture appears first for an 
instant as a negative, caused by differences of 
swelling, and begins to develop after a time 
which, according to the exposu re a nd especially 
the age of t he paper, varies from five minu tes 
(fresh paper), to more than three hours (paper 
24 hours old). Without troubling furth er about 
the picture, except to renew the wa ter from 
t ime t o time in the dish, after having removed 
the print for a moment, development is left to 
itself. It may ta ke from three hours to more 
than 24 hours. If it is very slow, the keeping 

1 The coat ing of the gum so lution may be clone wit.h 
~ sprayer o f a type consid erably larger than those 
ll sed [or retouching ; the preliminary s izing of the pape r 
is th en usually unn ecessary (0. 1'1. Powers, 1926) . 

of the prin t in water for several hours after it is 
fini shed will do no harm. 

In case of considerable over-exposure, cold 
water has no action at all; development must 
then be done with warm wa ter, but only the 
crudest results will be obtained. If need be, 
development may be helped by a mixture of 
sawdust and water, as in the case of Art igue 
paper (§ 664). 

When finished ,' the prin t is put to dry , avoid
ing contact of anything with th e p icture, which 
is very tender. In course of d rying the defini tion 
of the p icture falls off a li ttle, owing to very slight 
spreading of the gum. Ou tlines lose their bit ing 
sharpness, but otherwise retain their charac ter. 

670. The chief merit of the gum process lies 
in the fact that it gives an a rti st the power to 
improve a subject by lessening or suppressing 
excessive details, and introd ucing accen ts here 
a nd there. Such treatment can be carried out 
during development, during d rying, or after 
dry ing . 

There is a lways an advantage in starti ng 
development as above, postponing any altera
t ions un ti l t he pic ture is dist inctly visible. 
Then, by placing the print on a glass or other 
firm support , the development of certain parts 
may be hastened by sprinkling with tepid water, 
with a jug, or with a sponge sq ueezed out above 
the parts to be ligh tened. In small sizes a brush, 
charged with cold or warm water, may be used , 
but, for any small degree of lighten ing, and for .... 
a ll a lterat ions to the principal subj ect , it will 
be found better to wait un t il the print is half 
d ry , the gum then bei ng much more resistant . 
After each local treatment, ri nse wi th plenty of 
water in order t o carry away from the picture 
particles of coloured gum which have been 
detached. F or deepening of tones, colour taken 
from the margins of the pr int is used. 

With an under-exposed print, in which th e 
gum adheres very slight ly to t he paper, it is 
hest to let the print first get completely dry. 
The gum is thus hardened, and the print may 
be moistcned by a few minutes' immersion in 
water before proceeding to the retouching. 

671. Multiple Printing. A process often used 
(and sometimes abused) consists in superposing 
in register, on the same sheet of paper , several 
impressions in the same colour , or in more or 

1 It is often advised to destroy any excess of bichro
mate by imm cr:; ion in a vcry dilute solu tion of bisul 
phite o f soci a , ane!, after a brie f rin se, to pass th e print 
through a bath of alu m so as to hard en the gum a 
little. As a matter of fact, the d ry print has lost mu ch 
o f its tenderness. 

I , 

• • 

f 

, 

• 

• 

• 
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less different colours, either for obtaining multi
colour p ictures or effects of double tone, or 
simply for modelling separately the ligh ts and 
shadows of a monochrome picture. Each partial 
image must, obviously , be kept much less dense, 
'lnd, consequently , the proportion of colour to 
gum should be less. 

To a llow of the easy registration of successive 
impressions with the same negat ive, the latte r 
is held in a cardboard holder , from which pro .. 
trude the poin ts of th ree or four drawing-pins, 
p ushed into the card on the side corresponding 
with the back of the negat ive. The card board 
should be recessed a little, so as to accommodate 
the heads of the drawing-pins, and thus t he paper 
is perfora ted by the points of the pins and is 
held in the same place on the negative during 
the various printings. The paper must be 
backed wi th felt, thick enough to prevent all 
contact of the pin-points with the hinged back 
of the frame (F. Grandmaitre, 1923). 

After the development of each im pression, 
the print is put aside to dry in very s trong light, 
so as to harden the gum under the influence of 
the traces of bichromate retained in the fIlm. 
The next coating is proceeded with, a nd the 
print is replaced in the frame for t he next 
exposure, so that the perforations of the sheet 
engage anew with the drawing-pins. 

672. Commercial Gum-bichromate Papers. A 
paper coated on ly with pigmented gum cannot 
be sensitized wi thout dissolving an appreciable 
fraction of the gum, with risk of running during 
drying. Attempts have been made to ge t over 
this difficulty by dissolving in the gum a certain 
quantity of alum, which, after dry ing, reduces 
the solubili ty considerably , but the only gum
bichromate papers which have been put 0 11 the 
market are those in which the gum has been 
mixed in a jelly of gum t ragacan th prepared 
by boil ing (H ochheimer, 1900). The develop
ment has then to be done with wa rm water. 

673. Bichromated Wash-drawing. Thi s in te r
est ing variation of the gum-bichromate process 
is particularly suitable for obtaining large 
pict ures, by printing under en larged negat ives. 

A drawing-paper, which the beginner should 
choose of fin e grain , is first sized with a very 
thin fi lm of weak gelat ine solution. F or this, 
the following mixture is used-

Crystallized sugar • • 35 gr. (4 g rill. ) 

Coignc t soft p hotographic gelatine 35 g r. (4 grm. ) 

\Vater • • • • 2 OZ. (100 c.c .) 

prepared by allowing the gelat ine to swell in 
the solution of the sugar, and dissolving it on 
a water bath below IIS o F. The sizing is prefer
ably done in a room at a temperature of at 
least 70° F.; the paper should then be at the 
same temperature as that of the room. It is 
fixed with drawing-p ins to a drawing-board, 
placed level, and the gela tine solution poured on 
the centre in the proportion of IS minims for 
each 16 sq. in. of surface t o be covered. The 
soluti on is spread wi th a swa llow-tail brush, pre
viously impregnated with the gelat ine solution, 
and squeezed out on its edges. The solution is 
driven in to the pores of the paper by vigorous 
operation of the brush, spreading it evenly until 
the sizing has a matt appearance. The sheet is 
t hen passed through the steam from a pan of 
boiling water till the gelatine becomes uniformly 
glossy . In the in te rval between the two siz ings 
the brush is held in th e steam to prevent the 
gelat ine in it from set ting. 

Now, on a glass , roughly ground, put 15 gr. 
of de-greased lamp black (choose a black of 
brownish tint), placing the powder in the form 
of a tiny crater. Now pour into this 40 minims 
of a So per cent solu tion of gum a rabic; mix 
th oroughly with a flexible kni fe, adding gradu
ally 30 minims of pure water. Grind wi th a 
glass muller for about 10 minutes, until the 
mixture becomes perfectly even. To cover a 
sheet of "royal" size (20 in . X 26 in .) , about 
30 gl'. of this paste is placed in a very clean cup, 
and addition made of about it in. of the st rip 
delivered by a t ube of sepia water colour. This 
addition gives a warmer tone, and, at the same 
time, improves adherence of the coating. Now 
add from 4 t o 5 ell'. (the smaller quantity in cold 
a nd damp weather, the larger in warm and dry 
weather) of the foll owing mixture, prepared with 
boiling water-

Cryst allized s ligar . 

Starch . 

Water . 

• 

• 

• 

• 

• 

• 

• 

18 gr. (2 grm .) 

18 gr. (2 grm .) 

2 oz. ( 1 00 c.c.) 

After thorough m ixture, this paste is placed 
at the centre of the gelatinccl sheet and spread 
with the swallow-tail brush previously charged 
with water; when the colour begins to thicken , 
a fl a t goat-hair brush is used t o fini sh off the 
coating. the first st roke of th is brush being at 
a righ t angle to the last s troke of the swa]!ow
tail brush , so as to break up the streaks. Con
tinue in this way until the sheet is surface-dry, 
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and then leave to dry thoroughly by hangi ng 
from stretched cords. 

The sensit izing is done, as required, by 
immersion in a I per cent solut ion of ammonium 
bichromate, with the addition of I per cent of 
neutral sodium or potassium citrate. 

The negatives bes t suited for this mode of 
printing are those in which the extreme opacities 
are in t he ratio of I to 20. 

The exposure should be about equal to that 
required to make a P .O.P. print of dep th for 
toning and fixing . 

Before development, the print is immersed 
face downwards for about 10 minutes in a dish 
of water at II5° F ., taking care t o avoid ad
hering a ir bubbles. As the water slowly cools 
down, the print is moved a bout from time to 
time. The print is then fixed to a rigid support , 
sloped to about the angle of a painter' s easel, 
and development is begun by squirting on t o 
the surface, with a t oilet spray or an air-brush, 
water of a temperature about 180 F. higher than 
that of the soaking water. The sprayer is held 
from 12 in . to 16 in. from the print, and the 
water squirted all over the surface . As required, 
the development may be localized by bringing 
the vaporizer nearer. Development takes about 
20 minutes for a surface 9 x 5 in. which has 
been correctly exposed . 

(g) PRI NTS BY DYE I NG F I LM S OF 

BICHROMATED GELATI NE 

674. General. If bichromated gela tine is 
coated on a support im permeable to aqueous 
solu tions, dried, exposed under a positive , and 
then rinsed with water to remove excess of 
bichromate, the aqueous solutions of certain 
dyes will penetra te the gelat ine wh ere it has 
been protected against th e action of light, but 
will not penetra te t he rela tively impermeable 
regions. The dye absorbed by the gela tine thus 
forms a posi tive image in tones (E. Edwards, 
1875; C. Cros, 1880) . 

On the other hand, a gela tine relief, obtained 
in the same way as a carbon print, but by means 
of un pigmented gela tine (A . Chardon, 1875), or 
of gelat ine pigmented temporarily for the pur
pose of regula ting the act ion of the ligh t or of 
facili tating control of the development (A. and 
L. Lumiere, 1900), may be transferred to a 
support, or actually made on an impermeable 
film support, and dyed uniformly by means of 
dyes, which are readily fixed by almost im
permeable gelat ine. In this case, as in making 

a carbon print, a positive is obtained by printing 
from a negative 1 

It was found by Cros that the dye thus 
absorbed by the gela t ine could be transferred 
t o moist paper placed in contac t with it , the one 
film of gela tine being able, a fter fresh impreg
nation, t o furnish a certain number of prints. 
H e gave this process the name of hydrotype. 
Sanger-Shepherd (1902) made a similar observa
tion in the case of images obtained by dye ing a 
gelat ine relief, using a paper coated wi th very 
soft gela tine for t aking impressions. L. Didier 
(1903) worked out the dyes bes t lending them
selves t o selective absorption on undeveloped 
gelatine, a nd to the subsequent " printing" by 
contact with gelatine-coated paper. This method 
has been put on the market under the name of 
Pinatype. 

These methods are empl oyed chiefl y for 
obtaining multicolour transparencies for use as 
adverti sements and for the production of three
colour pictures on paper. The Pinatype process, 
by using a black dye, may be employed for mak
ing a reversed negative or positive in one operation. 

The images thus obtained, even wh en the 
further precaution is taken t o mordant the dyes 
absorbed by the gela tine, are never quite fast, 
and so should never be exposed to the direct sun. 

675. Imbibition without Development Pina
type. F ogged or doubtful dry pla tes may be 
used after removal of the silver bromide. After 
fixing with hypo and washing, the pla tes are 
dried , then sensit ized in a 2'5 per cent solution 
of ammonium bichIOmate (neut ralized by the 
addition of ammonia un til it turns bright 
yellow), a nd then put aside t o dry; or the 
glasses from waste negati ves may be gelat ine
coated. The perfectly cleaned glasses are first 
coated with a very weak solution of sodium 
silicate (commercial solution diluted about fifty 
times with water) in order t o in crease the adher
ence of the gelatine to the glass, dra ined, and 
dried. The glasses a re then levelled, silicated side 
upwards, and coated with a solut ion of hard 
gelatine (4 per cent for transparencies or 8 per 
cent for a Pinatype printing pla te) in the pro-

1 T he latitud e (straigh t- line portion o f the cha r
acteris tic c urve) beco mes cons iderably greater when 
the penetratio n of 1ight into the fi lm is impeded by 
the presence of an absorbent substance . The co ntras t 
tend to be less, bu t th is can b e re medied by us in g a 
stronger dye bath. The max imum latitude is obt.ained 
onl y after long immers ion (2 4 hOUl'S o r mo re). the pe ne
tration o f th e elye be ing vcry slow in th e part s rend ered 
most co mpl etely imperm eable (A . C. H a rdy and F. H . 
P errin , 1928) . 
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portion of 13 to I S dr. per sq . ft. After drying, 
the gelatine-coated plates are sensitized in the 
ba th given above.l 

After exposure under a positive transparency 
(or under a negative when ma king a reprod uced 
negative), the print ing being controlled with an 
acti nometer, t he pla tes are washed for fi ve 
minutes . To avoid diluting the dye, the pl a tes 
a re bes t dried before dyeing. 

When it is not desired to print the image by 
transference of the dye to sized paper, the dyeing 
may be done in approximately 2 per cent 
solutions of one or another of the following dyes 
(L. Lemaire, I 9II ), or in suitable mixtures of 
these d yes,-

R ed: 
Y cllow.3: 
Greens: 
Blue: 
Vio let: 
Blu ish or 

Poncca u extra, lana fuchs ill . 
Sol id acid yell ow, quinoli ne ycllow. 
Sol id bluish green, naphthol green . 
D iaminc bl ue. 
L a na cyl v io let. 

purp lish b la cks : Napht hol b lack, n a p h thaline 
black , amine black s. 

F or transfer of the image to paper, use is 
made of either the special dyes sold as Pinatype 2 

or of the dyes given below, both being perfectly 
suita ble also for positives which are not intended 
for transfer to paper. 

I.led : Di lute 2; to 35 gr . (3 to 4 g r m. ) of natural 
car m ine w ith a. very l ittl e dist illed water, 
add just eno ugh am monia to d issolve-
20 to 50 min ims (2 to 5 c .c.)-and add 
d istilled water to make 20 oz. ( I,eac e.c.) 

B Ill e: 3 per cent solu tion of pure diamine blue or 
ben zaine b lu e BB. 

C ree n: 3 per cent solu tio n of naphthol g reen n. 
Y e no\\,: 3 p cr cent solu tion of Th ioflavi n S., acidi

fied by a littl e citric a c id. 

After impregnation of the dye (about 1 0 

minutes the first time) the pla te is briefl y rinsed, 
and a small squeegee then used t o apply to it a 
sheet of sized paper (soft gelat ine, with no alum, 
or very li t tle), e.g. double-t ransfer pa per, as 
used in th e carbon process (§ 660) , which has 
pre" iously been soaked in cold water. Thi s is 
cO" ered with moistened blotting-pa per, then 
with rubber sheeting to prevent dry ing, and is 
then lef t for 1 0 to IS minutes, during which 

1 Th e b ichro mate should be d isso lved in the gelat ine 
solutio n be fore the lattcr is coated on the glass. Th C' 
quantity of bichro mate to use is two ·f1ft hs the weight 
of t he dry gela tine. 

2 Accord ing to the patent, now public property, o ne 
may usc t hcl\ Iikado dyes derived fro m nilrotolu ene
su i ph onic acid, the solu ble azo dyes o f dihyd roth ioto
luicline, prim uline, a nd its ho mo log ues, as also their 
substitu tion prod ucts, th e s lilp hon ates o f in d uli ne a nd 
nigrosine, some d iam ine colours , and the a lkylsulphonic 
derivatives of an thraquinone. 

t ime the colour passes from the hard to the soft 
gela tine. I. From time to time a corner of the 
paper may be lifted for examina tion, taking care 
to replace the two gela tine surfaces immediately 
in contact . 

F or furth er prints, the impregnation of the 
plate will only need three minutes. 

Whichever method is used t o obtain pictures, 
i. e. direc t dyeing of the positive transparency or 
transfer to sized paper, the dye must be fixed on 
the gela tine by immersion for about fi ve minutes 
in the mordanting bath-

Chrome a l u m . 

Copper sulphate 

\Va ter, to make 

• 

• 

• 

• 

• 

18 g r . (2 grm. ) 

18 gr. (2 grill .) 

2 oz. ( 100 c.c. ) 

and then rinsed for about five minutes. 
676. Dyeing of Gelatine Reliefs. To obtain 

reliefs for dyeing, suitable material is gelatin o
bromide (celluloid) film without gela tine coating 
on the non-emulsion side. Th is is sensitized 
with bichromate, exposed under a negative 
through the back (the uncoated side of the film 
against the emulsion side of the negative) , 
developed in warm water, the silver bromide 
removecl in a fixing bath, and dried . The relief 
so obtained may be dyed by immersion in solu
tions of a very la rge number of acid dyes. 

F or the preparation of a " carbon" paper 
readily permitting of the superposition of several 
component images, the process described in 
1 901 by A. and L. Lumiere may be used. 

A glass is polished with t alc powder, and the 
edges then coated, with a brush, by a thin 
solution of caoutchouc in crystall izable benzine. 
When the rubber is dry, the glass is coated with 
enamel collodion (see § 655, footnote) , and, after 
drying the collodion, a sheet of clean paper is 
applied to the coated side by means of a solution 
of gelatine, warmed to 120 0 F ., into which the 
paper a nd the glass are placed. The two are 
brought into contact in this soluti on, and the 
excess is immediately expelled with a squeegee. 

] Images obtained by trans fer from one layer of gcla· 
ti ne to another aJways lose some sharpness owin g to the 
lateral spread of the d ye unl ess th e rece iv ing gelatin e 
has been uniformly mordanted (1\ . von Arx , 1927). 
It has been suggested that thi s mord antin g be effected 
by clipping t he ge la tine-coated paper in a solution of 
alum inium su lphate or a lum, and then in a. bu ffer 
solu tion of sod ium acetate, th e success o f the tran sfer 
depcnd ing essentiall y on the degree of acidi ty of the 
gelatine receiving the image (;VI. \ ,V. Seymour and A. 
Cla ir, .T936) . P rocesses uti liz ing the tran sfer of a d ye 
are usuall y rather inconstant; the ir comm ercial 
app lication always d em a nds d elicate adjus tment. 
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After drying, the paper is coated with white 
varn ish , diluted with an eq ual volume of alcohol, 
and left for about 12 h ours t o d ry. The paper, 
st ill secured to th e glass , is n ow ready t o receive 
th e bichromate m ixture, t emporarily tin ted 
with cochineal-

Gelatine, emu ls ion • • 1 ,000 gr. ( 1 20 grm .) 

Pale strong glue • • 1 ,000 gr. ( 1 20 grm.) 

A mmon ium bich romate • 525 gr. (60 grm.) 

PotassiU ln citrate . 90 gr. (10 grm.) 

Cochi neal r ed • • • 9 gr. ( I grm.) 

Alcoh ol . • • • • 4 oz. (200 c.c.) 

"Vat er • • • • 20 oz. ( 1 ,000 c.c.) 

This mixture, filt ered through muslin, is 
coated on the levelled pla tes, in the proportion of 
1 3 to 1 6 dr. per sq. ft . When the gela tine has se t, 
the glasses are placed on racks, and d ried in the 
dark in a current of a ir. The drying conditions 
must remain perfectly const ant , any varia tion 
being lia ble to produce coloured areas in the fin al 
picture. After drying, the papers a re removed 
from the glasses th a t h ave served as supports. 

F ollowing exposure under a negative (con
t rolled by an actinometer), the paper is t rans
ferred to a collodionized glass , prepared accord
ing to the formula above, and then covered a ll 
over with a very dilu te solution of rubber (about 
60 gr. per 20 oz ., 7 g rm . per 1,000 c.c.). 

Before development, the transfer is left in cold 
wate r for abou t t wo h ours to allow t he gela tine to 
swell uniformly ; the development is carried out 
at between 95° F . to 1 0 4 " F . ; when t he deve lop
ment is finished t he picture is decolorized, and 
then presents t he appearance simply of a ve ry 
sligh t relief. It is t hen washed in cold water , 
and put aside t o d ry . 

For the dyeing use may be made, among other 
colours, of t he fol lowing baths (three-colour 
dyes , A. von H Libl, 1912) or mixtures of them-

Rhodamine, S. • 
"). ,) OT 

· - - b . 

(o·2s·gnn. 
Solid b luish green Bayer 

• 9 gr. 
(r g rm.) 

Naphthol yellow - 4 '4 gr. • • 

(0 "5 g rill.) 
Alcoh o l 90° • • • 2 OZ. 2 OZ . 2 OZ. 

(roo c.c.) (100 c.c.) ( 100 c.c.) 

Glacial acetic ac id 
. . 

• • 50 m IT1. 50111111 . 
(5 c.c.) (5 c.c.) 

Saturated chrome alulll 
solution • • • I oz . 

(50 c.c.) 
\Vat er, to make • . 20 OZ . 20 oz. 20 oz. 

(r,ooo c.c.) ( 1 ,000 CoC . ) (r ,ooo c.c.) 

After the dyeing, which , at the dilutions given, 
may take severa l hours, the excess of dye is 
rem oved by a brief rinse . 

vVhen there is occasion t o superimpose several 
component im ages , t h e final effect may be 
j udged by packing the glasses bearing these 
images in two wooden blocks, placing th e whole 
well above an opal glass or white paper. The 
necessary correct ions, genera l or local, may then 
be made by fresh dyeing or by decolorizing with 
water rendered slightly a lkaline with ammonia . 
Each of the pictures is then m ordanted , as 
previously described, rinsed, and put aside to 
dry . 

The dried images a re coated with a l'S per 
cent solution of rubber, then with a 1 per cent 
solut ion of collodion. To superimpose th e pic
tures, use is made of a t emporary support, pre
pared as indicated below, cemented to one of 
the pictures, with a IS per cent solution of 
strong glue. After complete drying, the paper 
is rem oved, bringing the prin t with it. This 
latter is applied on the next image by means of 
an alum-gelat ine solution, m ade as follows.-

H ard gelatine • • • r ,000 gr. ( 1 20 grm.) 

Glycerin e • • • • I oz. (50 c.c.) 

Ch rom e a lum , 1 00/0 solution I t dr. ( 1 0 c.c.) 

\ ;Yater, to make . • • 20 OZ. (r ,ooo c.c.) 

Registration being con trolled through t he 
glass, the squeegee is used to remove any excess 
of gelatine, and the whole is left to d ry . The 
paper, carrying with it two pictures, is then 
rem oved , and the process repeated fo r the 
succeeding image . This met hod may be used 
t o t ransfer t he whole series of t he pictures to 
glass, or t o keep it as a film . In both cases the 
paper wi ll be detached from the block of images 
by immersion in warm water , which d issolves 
the glue but not the hard gela tine. 

(It) D USTI NG-ON P ROCESSES 

677. Genera l. Garnier and Salmon, wh o, 
since 1858, had used a solut ion of ferric cit ra te 
for the same purpose, showed in 1859 that a 
thin layer formed of a lbumen , sugar, and b i
chromate, coated on glass , dried, and exposed 
under a positive t ransparency and then kept for 
a few m oments in a damp a tmosphere, will 
retain, on those parts protected from the action 
of light , minera l subst ances in powder form 
dusted on the surface . The powder cannot 
adhere, however, t o parts sufTIcien tl y m odified 
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by the act ion of the light ; there is very satis
fac tory rendering in th e tones. 

With some minor modifications, this meth od 
has been regular! y used since then for the 
product ion of photographic enmnels, and for 
the photographic decoration of ceramic goods, 
powdering being done with vitrifiable glazed 
colours. 1 The method is also m ost suitable for 
making dup licate negatives or positives direct, 
and a lso provides t he means for the intensifying 
of negatives or positives without afiect ing the 
origina l image in the least . It is for these lat ter 
purposes tha t it is described below. 

Some years ago R. Namias (1922) resuscitated 
a process used in 1879 by A. Sobacchi for copy ing 
t rac ings, and applied it t o pictorial photographic 
printing (resinop igmenty p e); a similar process 
was brought out by E. Buri (1924). 

In connection with these processes may be 
mentioned the " color" process of J. Sury 
(1913) , constituting, in a way, a method fo r 
prepa ring photographic pastels. 

678. Direct Reproductions by the Powder 
Process. Dissolve in t he cold.-

G um arab ic • 

Sugar • • 

\ Vater, to mak e 

• • 

• • 

• • 

. r oz. (50 grm .) 

. 2 oz. (roo grm.) 

20 oz. (rooo c.c .) 

to which may be added an ant isep t ic, e.g. 18 gr . 
(2 grm. ) of sa li cylic acid. At the time of use, 
t he req uired quant ity of t his liquid, wh ich m ust 
be q ui te ciear, is mi xed with a qua rter of its 
volume of a 20 per cent solution of ammonium 
bichromate. This m ixture is coated in a thin 
fi lm on a perfect ly clean glass . E xcess of liquid 
is drained off, and the pla te is dried by holding 
it , bare face downwards, over a gas ring," un ti l 
the coating is no longer sticky to the fi nger. 
Before the glass has quite cooled down, it is 
placed in a frame under t he nega ti ve (o r posit ive 
t ransparency), wh ich should be perfec tly d ry , 
and exposed to light. 

As soon as exposure is complete, the plate is 
supported above a sheet of white paper, against 
which the development of the image is followed, 
ta king care not to breathe on the sensitive 

1 Vitrified pho tographs are unaffected by atmospheric 
conditions o nly if the" flux " used is no t too rich in 
lead salt s (,,'hi ch wo uld grad ua lly turn b lack by su l
ph idin g) and contains on ly a negli gibl e proportion 
of soluble salts (borax, e tc .), which are so meti mes used 
to lower the melting point. 

2 \\"ith t he other ha nel, a glass o f larger size should 
be held above the sensitive layer to protec t th e gum 
fro m du st . 

coating ; to prevent th is, a piece of glass is held 
in front of the operator. 

A large, very soft, and perfectly dry badger
hair brush is dipped in the finest powdered 
graphite, which must have been dried for some 
minutes in a metal container on a stove. The 
brush is then drawn very lightly in a ll directions 
over the sensitive surface. 

The image gradually appears, according as 
the portions of the layer protected from the 
action of light a bsorb the moisture from the 
air. The contrasts of the image will not increase 
beyond a certain point, the powder then begin
ning t o adhere uniformly all over the surface . 
P owder ing must be stopped before this poin t 
is reached, and the image must then a t once be 
given a coating of collodion . 

The same method is used in in tensifying a 
negative, the sensitive coati ng being applied on 
the surface of the image, whi ch has been 
previously varnished . 

The method may also be used for obtaining 
positive images by printing (from a negative) 
on a black support (or on clear glass which is 
given a coating of collodion and then of black 
va rnish). In this case, powdering is done with 
a whi te or very ligh t powder, e.g. a luminium 
powder or bronze powder. 

679. Resinopigmentype. The ma terial used is a 
smooth paper base, heavily coated with har
dened gela tine. This is sensit izecl by imm ersion 
for two or th ree minu tes in a 5 per cen t so lution 
of amrnonium bichromate. 

The sensitized paper is exposed under a 
positive t ransparency (or under a very v igorous 
positive prin t , the cont rast of which is naturally 
less when used by transmitted ligh t) in the shade 
or in sun ,l un t il a weak negative image in brown 
on a ye ll ow ground is seen on the paper. 
. The print is left in wat er, which is renewed 

several t imes, fo r a long enough time to remove 
all colour from the ground , on which appears 
an extremely weak yellowish image. The print 
is then p laced in hot water (about 1 200 F .) until 
it shows well-marked relief 2 (two t o three 
minutes). The print is then laid face down on 
several thicknesses of blot ti ng-paper , and dried 
wit h filter paper or with a pad of butter muslin. 

Immedi ately afterwa rds comes powdering 
with pigments, prepared by grinding and pow-

I Print ing in the sun sho uld be avo ided w ith a 
positive print wh ich has been worked up on the back . 

2 If the paper has been sensitized several days before
hand . it is necessary to add I to 2 per cent of ammonia 
to the w arm water. 
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dering a melted mixture of resin, wax, 1 and a 
suitable pigment (lamp-black, mineral colours, 
etc. ). These are spread with a very soft round 
brush, carried over the surface of the gela tine 
in circular movements, pressing harder on 
those parts where it is wished to increase the 
density of the image . Excess of non-adhering 
powder is swept away with the same brush , and 
any working-up of the shadows then done with 
a somewha t stiffer brush . 

In case of lack of contrast, the print is put 
in cold water, and powder is removed by friction 
with a cot ton pad. The powdering is then 
repeated, after having passed the print again 
through hot wa ter, with the addition, if need 
be, of a stronger dose of ammonia, to increase 
the swelling. 

As the pigment adheres very slightly to the 
damp print, retouching is easy at this stage by 
erasure with a moistened brush, a fter blotting 
off, but it is well to dry the print fir st and then 
to remove the last traces of bichromate by 
immersion in a very dilute solution of sodium 
bisulphite, followed by a quick rinsing. After 
drying, erasing may still be done with india
rubber or an erasing knife. 

The colour may be fixed by passing the dry 
print through steam from a vessel of boiling 
water, the colours setting wi thout rendering the 
print glossy. Use may also be made of an 
alcoholic fixative varnish, sprayed with an 
atomizer. 

680. Color Process. The Color paper is 
coated with a layer of gelat ine, in which is sus
pended a light blue pigment, removable with an 
effervescence by an acid bath (artificial ultra
marine), the evolution of gas giving the gelat ine 
a spongy structure (which allows it t o retain 
firmly the powdered pigments applied to its 
surface), and a white filling powder, such as 
barium sulphate. Paper thus prepared is sensi
tized with bichromate, dried, exposed under a 
negative, and developed in tepid water. The 
bichromate stain is removed in a very weak 
solution of hydrochloric acid, and the print 
again washed and dried . The image is then 
powdered with powdered pastels, applied with 
a brush, this method allowing of effects in several 
colours being obta ined. The pigment may be 
consolidated by means of a fixative, or trans
ferred t o an adhesive paper. 

1 The wax a nd the resin form a dry m ix ture acting 
merely as an envelope of the pigment to in crease it s 
saturatio n, and avoid soiling the paper, the pig ment 
bein g ret a ined by the wet gela tine. 

(i) PRINTS IN GREASY INKS ON BICHROMATE D 

G E LATINE 

681. General. The process of making prin ts 
in greasy inks on bichromated gela tine (called 
also the oil p rocess)1 introduced in 1904 by 
G. E. H. R awlins, as a method for use in pic
torial photography, is, in fact, only a varia tion 
of methods used since A. P oitevin (1855) in 
various photo-mechanical processes, collotype, 
and production of prints for ph oto-lithographic 
transfer. The process consists in inking with a 
roller a layer of bichromated gela tine which 
has been exposed to light under a negative and 
washed in water, t hus swelling in the protected 
parts a nd remaining nearly dry in the parts most 
completely changed by the action of light . 
Owing t o the well-known repulsion between 
water and greasysubstances, the ink takesonlyon 
the dry portions (or th ose scarcely damp), or, a t 
any rate, adheres effectively only in these pa rts. 

In the R awlins method the crude and mechan
ical action of the ink roller is replaced by inking 
with a brush, which is easy to control and to 
localize . In the hands of an artist this is a 
method of wonderful elasticity, and can eas ily 
yield prints of great beauty . Still , there is the 
layer of gela tine which forms the support of the 
image. This drawback has been removed (R. 
Demachy , 19II) by transferring the image to 
plain paper of a quality usua lly used in art 
copper-pla te printing, the gela tined paper on 
which the image has been made thus playing 
the part of a printing plate. 2 

The image, printed from a negat ive in the 
normal way , is correct, as regards right and left, 
on the gelati ned paper, and is thus reversed by 
the operation of transfer. In all cases in wh ich 
it is important for the picture t o be " the right 
way round," the print on gela tined paper must 
be made from a reversed negative. 3 

1 The pri nt ing inks ll sed arc made o f fi nely ground 
pig men ts s uspended in a varn ish w hich is. simply 
li nseed oil much t hickened a nd rendered qU Ick-d ry
ing ,by oxidation du ring a m orc o r less prolonged 
heating. In fact, they di ffe r from co lo urs for oi l pa in t
ing only in the greater co nsistency o f the o il and in the 
higher content o f pigment , the inks being always used 
in mu ch th inner layers. 

2 It may be not ed t hat it h as been suggested to 
degela tinize the paper, a fter inking-in the i mage, by 
immersion for Some mi nutes in a weak solut io n o f 
sodium hypochlorite, follow ed by washing in water 
(G. Underberg, I 9 25) . 

3 R eversa l may be avoided, as ] . R owatt (1922) has 
shown , by transferring by a method identical with 
t hat used in offset p r in ti ng, t hat is to say, b y in ter
mediate tra nsfer of the im age to a rubber sheet, whence 
it is transferred to the final paper support . 
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682. Materials and Apparatus. The gelatine
coated paper 1 is generally chosen from among 
double-transfer papers for the carbon process 
(§ 660), avoiding the use of papers with a glossy 
coating and also those of stiff substance . The 
beginner will limit his choice to the smooth or 
ma tt papers, never grained papers, the use of 
which must also always be avoided when the 
image is t o be transferred. The paper should be 
cut so as to allow a margin of about ! in . all 
round the subj ect; even in good conditions inking 
cannot be done up to the edges of the sheet. 

The inks supplied on the sugges tion of 
Rawlins for use in this process were very fluid 
and quick-drying inks, covering a paper almost 
uniformly if the gelatine was only moderately 
swelled. Gradation was then obtained only by 
removing the ink by tapping with a dry brush, 
according to the hardness of the ink. Almost 
immediately afterwards, R. Demachy and C. 
Puyo recommended the use of two types of ink 
of different consistencies. By using mixtures 
in different proportions it is easy, according as 
the gelatine is more or less exposed (i.e . more or 
less swelled), to ink the image, and the image 
only, without having, as a rule, to remove any 
ink which has once been applied. These inks 
a re, respectively , a very hard ink (due to its 
very large pigment content), such as is used 
for li thographic machine printing, and known 
as " litho ink," a nd a relatively fluid ink (con
taining less pigment), as used for copper-pla te 
printing2 These inks are manu factured in all 
shades . The beginner will be wise to limit 
himself to blacks, which may be rendered warmer 
by a little burnt sienna, or more st riking by a 
little ultramarine blue. Copperplate inks are 
supplied , on reques t, in boxes or in metal tubes 
of the kind used for artists' colours. Lithographic 
inks, as also collotype and typographic inks, 
which are slightly thinner , and the use of which 
has sometimes been suggested, are much too 
hard to permit of their being su pplied otherwise 
than in boxes 3 Dilution of the inks by addit ion 
o f li thographic varn ish (siccative linseed oil with-

1 So me t rials o f C. Du vivier (19 19) may be noted in 
which unsized paper was used , covered only with a 
layer o f starch solution. 

2 It wo uld probably be advantageous to use con
currently two inks prepared respectively with a pigment 
of great co vering power and v·/ith one of slight co vering 
power, thus giv in g different contrasts (E. F. Fincham, 
1933) . 

3 Inks that have been kept a lo ng time in boxes 
beco me covered with a fi lm, somewhat o f the co nsist
ency of fubber, which may, however, be restored by 
grind ing it in a mortar with a littl e fresh ink. T his 

out pigment) has often been suggested; but this 
simply brings back the disadvantages of the 
excessively soft inks above mentioned. The 
most that should be done, in order to soften 
a copper-plate ink slightly, is to add to it a very 
small quantity of artists' oil colour. 1 

Inking is done with polecat-fit ch brushes, of 
hind's-foot shape, of diameter appropriate to the 
size of image to be inked (No.9 or 10 for small 
sizes, No. 14 or 15 for large sizes) , with a few 
brushes of the same shape but smaller (Nos. 3 
to 7) for local inking. Straight polecat-fitch 
brushes, listed as necessary implements in some 
inking outfits, are considered useless by the best 
specialists. 2 

The inks are mixed on a plate or on any piece 
of glass, using an artist's st ra ight palette knife, 
or, failing this, an old , flexible-bladed table knife . 

For the inking operat ion, the sheet is placed 
on a bed of several thicknesses of damp blotting
paper; if plate-glass is not availa ble the sup
porting block may usefully be protected from 
the moisture by a piece of oilcloth. If an artist's 
easel is available , advantage may be taken of it 
for holding the supporting board during inking. 

683. Sensitizing and Exposure to Light. The 
paper may be sensitized by soaking in a 2 per 
cent solution (in water) of potassium bichromate, 
or by brushing over with a 6 per cent solution 
of ammonium bichromate, which, at the time 
of use, is mixed with twice its volume of methy
lated spirits (industrial spirit) . The sensitized 
paper keeps only for about 48 hours. 

In spite of the facilities offered by this process 
for the use of either soft or vigorous negatives, 
first trials should be carried out only with 
negatives of good gradat ion and not too vigorous. 

hard ening may be prevented by storin g inks which are 
used only occasionall y in lubricators for stiff grease; 
with a screw pisto n, o r by coverin g t hem with water, 
which afterwards may be drained away and left to 
evaporate. 

1 In handling printing inks it is difficult to avo id 
soiling the hands. T o r emove easily the marks m ade 
by greasy ink. the hands should be soaped un til a lather 
is formed, and t hen a little petrol should be poured 
o n to the ha nds. T his, together with t he soap lather, 
should be rubbed into the stained places. When t he 
hanel s a re rinsed the ink w ill have completely dis
appeared. Su lphoricinates (oil s for Turkey red) may 
a lso be used; they dissolve fatty substances and a re 
afterwards removed by washi ng in water. (These pro
du cts fonn the basis of " grease removers.") 

2 Some workers in printing with greasy inks use, to 
thei r entire satisfaction, for the inking of large sheets, 
short-ha ired b rush es, o f the quality of good shoe
blackin g brushes but of a mu ch smaller s iz e. The 
beginner, however, will do well to conform to more 
generally accep ted m ethods. 
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Inking with litho ink is only possible wi th a 
print which has had an exposure much longer 
than would be suitable for inking with copper
plate ink. Between these two limits all times 
of exposure will be suitable by determining by 
trial the best proportion in which the two inks 
should be mixed. 

Although the image appears in pale brown 
on the yellow ground of the paper (the printing 
should be stopped when details appear in the 
high-lights) , more certainty will be attained by 
controlling the exposure with a photometer 
(§ 508) . The exposure is fairly short (from 
! t o 2 degrees Artigue), and over-exposure must 
by all means be avoided. 

684. Washing, Swelling; and Drying. As soon 
as possible after exposure t o light, the paper is 
washed in several changes of water until nearly 
all colour has been removed, and then placed in 
a solution of sulphuric acid 1 of about I per cent 
strength, where the paper will be completely 
decolorized in two to three minutes. Then rinse 
in several changes of water. In th is condition 
the sheet may be inked, or the inking m ay be 
indefinitely postponed, when it will only be 
necessary t o re-m oist en the dry sheet of paper. 

To ma ke the gelatine readily amenable to ink
ing, it should be swelled, the relief being plainly 
visi ble a nd perceptible under the finger. This 
swelling may be done by immersion in tepid water 
(77° F. t o 86° F .) or in cold water to which has 
been added 4 per cent to 1 0 per cen t of ammonia; 
this is brushed over the surface of the gelatine. 

If several identical papers be swelled, sensi
tized under the same condit ions, a nd exposed 
under the same negative for times of increasing 
length, it will be found that the general swelling 
of the gelatine is in inverse ratio t o the length of 
the exposure, but that the relief of the image, that 
is to say, the difference of level between the 
regions m ost swelled and those leas t swelled 
(whites and blacks of the image), at first in
creases with the t ime of exposure, then passes 
a max imum, and begins to decrease as t he ex
posure is very prolonged. The correct t ime of 
exposure corresponds with the maximum of the 
relief of the image. 

The print being suitably swelled, it is placed 
on the bed of moist ened blotting-paper, where 
it will ad here of itself, and dried by wiping (not 
by dabbing, which might leave rough spots) 
with a pad of well de-greased chamois leat her or 
an old handkerchief. 

1 See no te t o § 364: precautions to b e taken when 
handling sulphuric acid . 

To keep the margins white, they are covered 
with wet strips of parchment ized paper, cut to 
straight edges, and placed so as to make a 
rectangular frame (when t he image was visible, 
the four corners of this rectangle may have been 
marked on the print with a pencil). These 
strips are fixed to the blotting-paper with draw-
• • mg pms. 

685. Inking the Print. In two opposite cor
ners of the pallette are placed small dabs (about 
as large as a pea) of litho ink and of copper-plate 
ink. These dabs of ink are then smoothed out 
with a knife. 

In three met al boxes, weighted with pebbles, 
are placed the brushes, hairs uppermost, which 
are to be used with the hard ink, with the softer 
inks, also those which are to be used dry. 1 

Finally, in full view is placed a perfect print 
from the same negative which has been used 
for the oil print. 

The inking brush is pressed on the mass of 
hard ink, then tapped with little blows on a 
clean part of the glass in order to distribute 
the ink evenly throughout the brush. Then, 
held by the first three fingers just above the 
thickest part of the handle, the brush is pressed 
fiat on a part of the print, including both a black 
and a white, pressing slightly up and down and 
at the same time turning it lightly round in the 
fingers, without, however, letting the hairs lose 
contact with the gelatine. If, on raising the 
brush, it is seen that the image is correctly 
rendered, with full blacks and nearly clean 
whites, and if the proper gradation can be 
obtained with ligh t tappings,2 it may be con
cluded that the exposure and the swelling suit 
the litho ink, and that one may continue to use 
this ink. 

1£ the blacks do not come up, and if the 
tapping results only in removing ink from them, 
the exposure has been too short for use of the 
li tho ink, or the swelling has been excessive, 
and the proper thing to do is to try successive 
mixtures of litho ink with various proportions of 
copper-plate ink, at first very small, then more 
and more, until inking takes place easily. If, 
in this way, it is found necessary to use copper
plate ink almost pure, it may be thought that 
the print is t oo damp. Let the print dry , after 

1 New brushes sh ould be k ept for the dry work. 
Brush es in which the hairs have beco me shorter by use, 
and consequently harder, should be kept for applying 
the ink. 

2 The best exponents of pigment processes expressly 
. advise against the u se of 111.echanical d evices for this 

t apping . 
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having cleaned off the ink, and swell it less at 
the next attempt. 

Finally , should the gelatine be covered uni 
formly with hard ink, or should , at any rate, the 
whites a nd greys of the image take the ink in 
the same degree, the exposure may be judged 
to have been excessive, or the swelling insuffi 
cient. Further swelling may be tried, but the 
result will probably be of mediocre quality. 

It is a lways bes t to begin inking in the most 
important part of the picture. After application 
of the ink by the gliding and twisting of th e 
brush, a light tapping takes away the excess of 
ink in the whites and causes it to penetrate the 
shadows . A very similar result may also be 
obtained by a rapid sweeping with th e tips of 
the hairs. P or t ions of the picture of less interest 
are then light ly brought up with a brush almost 
free of ink, then progressively strengthened to 
the degree deemed correct. 

At any moment the work can be wiped out 
with a pad of cotton-wool impregnated with 
petrol, followed without delay by a soft sponge 
well charged with water. After this, the print 
may be replaced in warm water to swell, or in 
ammoni ated water. 

Alterations in the composition of the ink 
allow various depths of tones to be obtained and 
controlled at will, the gelatine retain ing the ink 
readily according to the softness of t he lat ter. 
P arts treated with the soft, which may be 
thought too heavily inked, may be lightened 
by tappings with a brush charged with hard ink, 
which will restore the lost contrasts , by vi rtue 
of the greater sti ffn ess of the ink resulting from 
the mixture. . 

Pure whites may be made with a small brush 
wetted with water. Shadows, on the cont rary , 
may be obtained with a brush which has been 
charged with pet rol; the flat tone t hus obtained 
is a fte rwards modelled by t appings. 

H a irs and particles sticking to the p icture are 
easily removed by touching them wi th a bit of 
hard rubber, shaped to a point, the mark thus 
made being removed by tappings. The same 
rubber is a lso useful for obtaining a pure white 
accent. 

After each stage of the inking process the 
brushes should be well cleaned , first with petrol, 
th en with gasoline. After rinsing, they should 
be hung up, hairs downwards, t o dry . 

686. Drying and Cleaning the Print. Whilst 
a print d ries fa irly rapidly if on a n un sized 
paper, such as those genera lly used by p rin ters, 
owing to the penetration of the greasy matter 

in to the porous paper, ink on a layer of gelatine 
dries only very slowly . Thus t he print remains 
in a tacky state for a very long t ime, and contact 
of anything with the image is liable to remove 
the ink or smudge it. In order to dry it, the 
print should be pinned by the four corners to 
a wooden' board or a stout card, and left to 
itself for several weeks. 

T o hasten drying, a nd at the same time to 
avoid the shiny appearance given to the print 
by oil unabsorbed by the paper, it is practicable, 
after at least a week of spontaneous drying, to 
subject the print to a grease solvent, such as 
petrol or carbon tetrachloride (the latter having 
the advantage of bei ng non-inflammable) , used 
in a dish , with avoidance of any rubbing of the 
picture. After leaving it in for a few minutes, 
the dish is rocked from time to time, and the 
print then taken out , drain ed , and put t o dry. 
The image is then perfec tly matt and is free 
from any t endency to se t off on t o any object 
with which it comes into contac t. It even 
resists energetic rubbing fairly well or even the 
pressure of a dry-mounting press. 

687. Special Instructions for Obtaining Prints 
by Transfer. Whilst a good print may be 
obtained on any paper having a matt coat ing 
of unhardened gelat ine, even when very thin, 
a transfer is obtained easily only with a paper 
having a relatively thick coating of gelatine, 
and presen ting very strong relief. It is advised, 
especially for first trials, to choose fairly strong, 
though not harsh, negatives. 

A print inked with li tho ink never works so 
well as one inked with copper-plate ink . Though 
the image may be of ample vigour, it docs not 
follow that the transfer will be so. The full 
quantity of the ink never appears in the transfer, 
and, in parting with its ink, the prin t is genera lly 
less effective when the ink is hard than when it 
is soft . It may be said th at copper-plate ink, 
stiffened, if need be, with a very little litho ink, 
or softened with a little oil colour, is the normal 
ink for transfer printing. 1 

When several transfers a re successively taken 
from the same print, inked each t ime with the 
same ink, it is found that the contrasts increase 
from one print to the next. Even if the first 
print is a little grey, the fourth print will 
probably have blacks so dense that all deta il 
will be lost . This is because the gela tine becomes 

1 The drying of the in k on the print may be delayed 
a few hours, so as to allow of t rans fer being postponed , 
by incorporatin g in the ink a very small quantity o f 
clove oil. 

• 

• 



442 PHOTOGRAPHY: THEORY AND PRACTICE 

capable of absorbing a greater quantity of wa ter 
after each passage through the press, wi th 
proportionate increase in the relief of the image. 
Indeed, for this effect it is not necessary to make 
actual transfers ; the passage through the press 
of the gelatined sheet between two clean pieces 
of porous board is able, when repeated several 
times, to cause the gelatine t o absorb such a 
quantity of water that it rejects even copper
plate ink. This" blank printing" (preparation) 
is often made use of for facilitating the inking of 
prints in tended for transfer. When the gelat ine 
is thus excessively swelled it is sufficient to allow 
it to dry and then to re-moisten it to the desired 
extent, in order to continue the printing, if so 
required . 

688. Papers for Transfer Printing. Tra nsfer 
may be made on nearly a ll papers, but it is 
easier to get good results on the unsized or half
sized papers generally used in printing art ists ' 
proofs in copper-plate , in particular H olland, 
Arches, and Japanese papers. Choose papers of 
cream or light chamois tint for printing in black ; 
white papers for printing with coloured inks. 

For press transfers, the unsized or half-sized 
papers should be damped. Sized papers are 
genera lly used dry, with the exception of 
drawing papers, which are slightly moistened . 

For "without press " transfers o f prints o f 
about 1 0 X 8 in., the paper does not usually 
need to be mois tened. 

Printing on damp paper always slightly 
reduces the contrasts in the picture. 

In case of urgency the sheet to be moistened 
is di pped in water, drained, and wiped between 
two smooth blotting boards, preferably by 
passing through the press . vVhen a certain 
number of prints are to be made, the meth od 
adopted by printers is followed: a piece of zinc 
or glass larger than the paper is placed fl a t on a 
table; on it a re placed in succession a dry sheet, 
a sheet wetted by immersion in a dish of water, 
two dry sheets, a moist sheet, and so on, finishing 
with a dry sheet . The pile is covered with a 
piece of zinc or glass , and a weight is placed on 
top . In a few hours moisture spreads uniformly 
throughout the pile, and for several days the 
sheets will retain the suppleness des ired . 

Wet ting with water can be replaced by im
pregnation with liquids which give the paper a 
greater affi nity for the fatty ink whi ch can then 
be transferred with less pressure, i.e. withou t 
crushing the grain of the paper. Good resu lts 
have been obtained with pet rol (R. Demachy, 
1933) . 

689. Press Transfer. l' or the transfer a 
lithographic press may be used, scraper or 
cylinder type, or a copper-plate press . 1 When 
a press is specially procured, the most suitable 
are small models of copper-plate presses used by 
engravers for taking proofs. On the bed of the 
press, in steel, or, more frequently, in wood 
covered with zinc, one or two thicknesses of 
woollen blanket are laid of the same size as the 
bed. After unscrewing the tightening screw and 
lifting the upper cylinder by means of blocks 
slipped under the cylinder bear ings, the bed is 
placed between the cylinders, taking care that 
its long sides are perpendicular to the common 
direction of the axes of the cylinders. The upper 
cylinder is allowed to fall back on the blanket 
pad, the two screws a re tightened equally, and 
the hand-wheel is turned to engage under the 
cylinders at most a quarter of the length of the 
bed. R aising the blankets, there is then placed 
on the bed the following: (1 ) a piece of blotting
board at least t in. larger than the printing 
paper; (2) the inked print, face uppermost, 
centring it correctly on the blotting-board (the 
edges of the print should have been cleaned, if 
necessary , with a wad of damp cotton-wool); 
(3) the printing paper, face downwards, cor
rectly centred on the blot ting-board; (4) a 
second blotter of the same size as the first . On 
this blotter the blankets are pressed down, one 
by one, smoothing them at the same time. The 
handwheel is turned, slowly but continuously, 2 

till t he sheets of paper are completely conveyed 
to the other side of the cylinder. The blankets 
are then lifted and the papers successively 
withdrawn. 

690. Transfer Without Press. Th e transfer 
of the image on to its fin al support may be done 
without a press, by using, for the necessary 
pressure, the back of a spoon or a large modelling 
boxwood chise l. It is then necessary to go over 
every part of the image several times, crossing 
the paths of the tool used, frequently ascertain
ing the resul t by partially lifting the printing 
paper and replacing it in exactly the same 
posit ion on the inked print. Not only is this 
work t edious for a sheet of large size, but there 
is a risk of the paper not falling back exactly 
into its original place, thus giving ri se to a 
double image. 

The work is made easier by using a drawing-

1 For small s izes a copying press or a dry-mo untin g 
press may be used. 

2 Any stoppage under the cylinders would mark th e 
picture. 
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board and placing towards one of its ends two 
pins fItted with wing nuts, by means of which a 
perfectly straight bar of wood, covered with 
thick felt on its under side, may be clamped on 
the inked print. Between the pins is slipped a 
" inc sheet as support, on which is placed, as in 
t he case of transfer with a press, the inked 
print (the edges of which may be covered with 
s trips of parchment paper) and the printing 
paper, which is covered, if req uired, with a 
protecting sheet of s tiff paper. The latter is for 
a voiding marks of the chisel on the prin t ing 
paper. The whole is screwed down under the 
bar of wood , leaving the essen tia l part of the 
image free, so that it is possible from time t o 
time to ra ise the p rinting paper in order to judge 
o f the progress of the transfer and to note the 
parts need ing accentuat ion. 

We may add that many artists use the chisel, 
a fter press transfer but before separation of the 
various layers, for the purpose of increasing the 
vigour of blacks by transferring a ll or part of 
the ink remaining attached to the print afte r 
passage through t he press . 

(j) VARIO US PROCESSES 

691. Ozotype. A curious variation of th e 
carbon process was devised in 1899 by T. Manly . 
This process, however, has been abandoned 
since the introduction of the Ozobrome process 
described in Chapter XLIII. 

A sheet of single-transfer paper (§ 652) is 
sensitized in a solution of potassium bichromate,! 
dried, and exposed under a negative until a ll 
the details in the image are visible. A sheet of 
carbon tissue is immersed for about a minute 
in a bath of-

Acetic acid , g lacia l . 

H yd roqu inonc • 

Water . • • 

• 

• 

• 

• 

• 

t dL (3 c.c.) 

9 gr . (r grm .) 

· 20 oz. ( 1 ,000 c.c.) 

The print on bichromated paper is rapidly 
placed in this bath , and applied to the carbon 
t issue. The two are withdrawn together, the 
liqu id between them is drained off, and the two 
sheets are left between blotting-paper to dry . 
After drying, they are toge th er placed in cold 
water for about half an hour, after which 

l ,Manganese sulphate, which th e autho r reco m
mended should be added to th is bath, has been shown 
to take no part in the reaction. 

development is done as in the single-transfer 
carbon process. 

The chromium chromate, formed in the single
transfer paper during its exposure to light, is de
composed by the acetic acid, li berati ng chromic 
acid. This latter , absorbed by the incompletely
swelled carbon ti ssue, is reduced in the coating 
of pigmented gelatine on contact with t he 
hydroquinone, the products of this reduction 
giving rise to insolubility of t he gelatine; the 
latter , after development, rema ins adhering to 
the single-t ransfer paper (A . H addon, 1901). 

692. Dye Prints by Photo-mordants. A piece 
of fabric, well washed and dried , is impregnated 
with a soluti on of potassium or ammoni um 
bichromate (with or without add ition of am
monium metavanadate), drained, a nd dried at a 
low temperature. It is exposed under a negative 
till a brown image appears. It is washed until 
the ground is completely colourless . The image, 
nearly invisible, is then formed of chromium 
hydroxide, which can act as a mordant towards 
numerous dyes (see also § 624, footnote). F or 
example, the m ordanted tissue may be placed 
for from t en t o twenty minutes in a boi ling solu
tion of alizarine, for red or violet ; or of al izarine 
blue, orange, or black, or anthracine blue or 
brown , or gallein, coerulein , galloAavinc, etc . 
(Persoz, 1857; E . K opp, 1863; A. Villain, 1892). 
After dyeing, the fabric is rinsed, and the 
whites are brightened by washing in hot soap 
and water and, if necessary, cleared in a solution 
of sodium hypochlorite. 

Instead of using ready-prepared dye, a dye 
may be formed by oxidation of suitable organic 
substances by means of the chromic acid 
available in the chromo-chromate, formed 
during exposure t o light . The operation may 
be carried out in the cold, and th is process is, 
therefore, applicable to sized or unsized paper. 
The paper or fab ric is sensitized with bichromate 
and, after exposure under a negative, is washed 
in several cha nges of water acidified with 
0 ' 1 per cent of sulphuric acid. It is then im
mersed in a very d ilute solu t ion of one of the 
following substances, t ogether with a li ttle 
sodium b isulphite (10 to 20 gr. per 20 oz. = I to 
2 grm . per litre of each constituent), parapheny
lene-diamine, paraminophenol, pyrogall ol, and 
other polyphenols and polyamines (E. Kopp, 
1863; Andresen and Gusseron, 1899).1 

1 \Vith longer exposure, an unwashed paper may be 
treated und er the same cond iti ons, the colouring matter 
being formed at the expense of the bichro mate un
affect ed by the light (W. W illis, 1865). 
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693. Prints with Diazo Compounds. Several 
printing processes, known under the general 
name of diazotype, are based on the destruction 
by light of diazo compounds l (products of the 
reaction of an iced and slightly acid solu tion of 
sodium nitrite on an aromatic amine), and on 
the property possessed by these bodies of pro
ducing, by coupling (in an alkaline medium) 
with a phenol or an aromatic amine, dyes (called 
azo dyes) that become fixed on cellulose (paper , 
cotton, etc.) without a preliminary mordanting. 

These processes may be classed as follows 
(D. A. Spencer, 1928)-

(I) The diazo compound A produces when 
decomposing in light a substance B. Develop
ment is effec ted in an a lkaline solution by a 
coup ler C which gives with A a coloured com
pound that is insoluble and does not reac t with 
B (A. Green , C. F . Cross, and E. J. Bevan, 
1890). For instance, a fabric dyed with primu
line is d iazo tized (its colour changes from yellow 
to reddish) and dried in darkness. After expo
sure to light under a positive the image is fixed 
and intensified by coupl ing in a solu t ion of 
p-naphthol alkalinized with caustic soda. A red 
im age is thus obtained. 2 

(2) The diazo compound A decomposes and 
produces a substance B. Development is effected 
by applying a substance C which gives with B 
a coloured product, but does not react with A 
(G. Kogel, 1926). For instance, a paper sensi
tized by a diazo compound is exposed under a 
negative and then treated by an ammoniacal 
solution of silver nitrate which develops a posi
tive image of reduced silver. 

(3) The sensitizing mixture is formed by a 
mixture of the diazo A and coupler C, reaction 
being prevented by the presence of a n organic 
acid. Such papers can be developed by exposure 
to ammonia vapour without fixing or wash ing 
(G. Koegel, 1916- 1922), or by wetting super-

1 D iazo compounds as a rule are unstable in solution 
and form explosives when in the dry state. Hence they 
should be prepared only at the time of sens itizing. 

2 In a ll processes where the image is formed by 
decolorization, penetration of the sensitizer into the 
thickness of the paper should be avoided, since the 
se ns itizer would then b e inco rnpletely destroyed and 
would g ive risc to a general tint of greater or less 
depth. 

fi cially with a very d ilute alkaline solution. For 
making copies of tracings (positive images with 
brown or purplish lines on a slightly tinted 
ground) Ozalid paper is commercia ll y available, 
and cellophane fi 1m is sold as Ozajilm fo r copying 
X-ray negat ives and cinema film. The process 
of dry development obviates any distortion of 
the support by wetting and consequently any 
variation in the scale of the copies. The ammonia 
must be allowed to evaporate completely before 
the copies a re stored away. 

(4) The diazo A and the cou pier C are coated 
on paper after one of them h as been changed 
into an add ition compound not susceptible to 
coupling. Development is effected by decom
position of the add ition compound by treat
ment with water vapour, ammonia or a lkaline 
solution (A. Feer, 1889 ; F. van cler Grinten, 
1926). 

(5) The diazo A is decomposed by light and 
a substance D is formed wh ich is capable of 
coupling with the unchanged substance A, either 
spontaneo usly after a comparat ive ly long t ime, 
or immed iately by a lkalinizat ion, the copies 
being positives after exposure under a negative 
(M. Andresen, I 895; G. Koegel, 1921). 

694. Other Processes. Many other processes, 
producing pigment images or formed of dyes, 
cannot be described here, even briefly. Mention 
should, h owever, Be made of various processes 
based on the d ifferen tia l reactions of ferrous and 
ferric salts with organic colloids (§ 621), a nd 
also the processes employing the insolubilization 
of the gelatine of a gelatino-bromide emulsion 
by the oxidation products of the developer (i n 
particular pyrogallol), when the developmen t is 
done in a developer without sulphi te or contain
ing only very little sulphite (§ 350) , or by using 
their reactions on amines or phenols, introduced 
in the developer l or in the sensit ive coating, to 
form insoluble dyes (R. F ischer, 1912). There 
are a lso various processes based on the fact that 
a solution of hydrogen peroxide, acting under 
sui table conditions on a negative or on a gela
tino-bromide positive, d issolves the gelatine in 
the parts where there is no silver deposit 
(M. Andresen, 1898). 

1 F or instance, violet tones would be obtained by 
dissolvi ng thymol in a parapheny lenediam ine de
deloper. 



CHAPTER XLIII 

PIGMENT PRINTS FROM SILVER P RINT S 

695. General. An image on bromide (or gas
light) paper,! developed to the maximum possible 
contrast, without fog, can be used to render 
insolubl e eith er the gelatine enveloping it (or 
another film of gelatine in contact with it ) by the 
act ion o f a substance which converts the sil ver 
of the image into a salt, is itself reduced, and in 
turn reduces a bichromate contained in the 
gela tine 2 

If it is proposed to render insoluble the gela
tine enveloping the silver, the intermediate 
reduction product must be insoluble, so th at all 
th e reactions take place in these parts. If, on 
th e other hand, a film of gelatine placed in 
contact with the silver image is to be rendered 
insolu ble, t he intermediate red uct ion product 
must be soluble, the conditions being regu
la ted in such a way that the fmal react ion 
is not insta ntaneous, t he soluble products 
" wandering " into the fi lm to be rendered 
insoluble. 

Of the very llumerous applications of this 
principle we shall describe only two p rocesses 
in current use in photographic practice. By 
varia tion o f details of the methods, however, it 
is possibJe to obtain images by dusting-on or by 
a bsorption of dyes ; also with production of 
prints by transfer of absorbed dye to anot her 
fi lm of gelat ine.3 

A distinct advantage of these processes over 
those employing th e in solubilization of bichrom
a tecl ge la tine by th e direct ac tion of light is the 
considerable red uction in time o f exposure to 
light. Also, enla rged images, direct or reversed, 
can easily be obtained , if needed . 

1 Alt hough it is possible to apply t he same react ions 
to pri nted-out images, the pigment im ages obta ined 
are ge nera lly of insufficient d ensity. It is a fac t t hat 
a g iven image density is obtained by direct printing-out 
with a much s maller quantity of s il ver tha n that 
form ing in a developed image. Prints on gasli ght 
pape rs freq ue nt ly yield poor results in th ese rneth od s . 

'2 In 1892 E. }-I. Farmer pointed out th at, by t reat
me nt with a bichromate solution, the gela tin e of a 
si lver image is re ndered in soluble wherever it is in 
contac t with th e s ilver. 

3 N um erous p rocesses utilizing the in solubilization 
of the gelatine e mbedding a silver image for obta ining 
images by absorption (wi th or without washing o ff 
o f the soluble gelatine) are in current use for the p ro
du ction of c inematograph films in co lours . 

(a) THE CARBll.O OR O ZO BIW ME PRO CE SS 

696. Working Methods. In the Carbro or 
Ozobrome process, I invented in 1906 by 1'. 
Manly and improved by H . F. F armer, in 1919, 
a carbon print is obtained from a bromide prin t, 
by single transfer, without reversal of the 
original bromide print2 as regards right and left. 
The result is as good as a d irect carbon print in 
all cases where crit ical sharpness is not required. 
After rinsing and re-developing the original 
image in ordinary light, it can be used again for 
making further carbon prints, up to a maximum 
of about ten copies.3 

The bromide print should be made on a 
paper with very hard gelatine. For this reason, 
semi-glossy papers, with their usually harder 
emulsions, are t o be preferred to glossy papers· 
Development must be carried as far as it will 
go . Fix in two baths, and wash very carefully. 

The carbon tissue is cut to such a size that it 
proj ects at least a quarter of an inch beyond the 
bromide print on all sides. The latter having 
been previously trimmed, i f necessary, is im
mersed for three minutes in Bath No. I below
(F. R. Newens, 1930) . 

siock Solution No . I 

Potassium bromide . 
P otassium fe rricyanicle 
' Vater, to make . 

Bath lVO. I ,ready j or use 

S tock solution No. I 

·Water . . • 

• 

• 

• 

• 

• 

2 oz. ( 1 00 grm .) 
2 oz. ( 1 00 grm.) 

20 oz. ( 1.000 c.c .) 

20 C.C . 

80 C.c . 

The paper taken from Bath I O. I is applied 

1 Ozobrome is deri ved fro tTI the Greek word OZOS , 

tra nsfer, and b rome, refe rr ing to t he emplo yment of a 
print on b romide paper; Carbro is formed of the firs t 
syll ables of carbon a nd bromide (a carbon image 
obtained from a b romide print). 

2 Altern at ively. the orig inal print can be used as the 
fi nal su pport of the carbon image. 

3 Some papers will give up t o fi fteen copies, but the 
number is ge nerally limited by the fo rmation of blist ers 
in the gelati ne of the ori g inal print. The slight increase 
in contrast o f successive copies can be counteracted 
by a longer time of imme rs ion in the NO.2 bath. 

4 The use o f t he special Bromoil papers (§ 698) should 
be avoided . as the elnulsion is nlade of very soft gela
tine . 

445 
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by its gelatine surface to a sheet of glass and 
blotted off. It is then placed in the second bath 
where it remains from IS to 40 seconds, the 
shortest immersion giving contrasty images and 
the longest immersion soft ones. l 

St,och so lution NO .2 

])otassium bi chro mate 
Chromic acid . 
Chrome alum . • 

B oiled water, to make 

Bath NO.2 1ready for use 
S tock so lution Ko. 2 

Hoiled water • • 

• 

• 

• 

• 

• 

• 

350 gr. (40 grm .) 
350 gr. (40 grm .) 

2 oz. ( 100 grill. ) 
20 o z. (1,000 c .c.) 

20 e.c . 
23 oz. 31 min. 

(80 c.c.) 

If the water used for diluting Bath NO.2 has 
not been freed by boiling from most of its lime 
salts, it would be necessary to increase slightly 
th e amount of stock solution in this bath. 

Bath No. I can be used a great number of 
times, provided it is occasionally filtered; Bath 
NO.2, which is subject to continuous a lteration 
by additions from the first bath, must be 
renewed frequently, at least once during each 
spell of print-making. 

In the meantime, the bromide print, previ
ously soaked in water until the gelatine is 
completely swelled, is placed face upwards on a 
sheet of glass. 

The carbon tissue, on removal from bath No. 
2, is la id with its gelatine surface against the 
si lver image, leaving a uniform margin all round. 
Excess of liquid is rapidly removed with a 
squeegee, avoiding any shift of the two surfaces 
in contact (which may give ri se to double images) . 
The two papers are removed together from the 
glass, and left for a quarter of an hour between 
damp sheets of parchment paper (vegetable 
parch ment). During this time a sheet of single 
transfer paper (§ 652), cut a little larger than 
the carbon tissue, is immersed in water for three 
to five minutes (according to its thickness) . It 
is then placed on a sheet of glass , gelatine-coated 
face upwards. The bromide print, now bleached, 
is gently detached from the carbon tissue, and 
placed in water; the carbon tissue is applied 
to the transfer paper, gelatine to gelatine, and 
contact obtained by pressure with a squeegee. 
The whole is left under pressure between damp 
blott ing-paper. \,yashing off is then carried 
out (§ 654), in which, however, a temperature 
of 95° F. should not be exceeded, since the 

1 The optimum duration varies slightly according to 
the pape r. 

pigmented gelatine which is to form the final 
image is not rendered so completely insoluble 
as in the case of the direct carbon process. 

The bromide prin t is washed in several changes 
of water, for at least 20 minutes, before being 
fully re-developed in ordinary light; this re
development may be postponed, the re-devel
oped image being then washed without fixing. 

Various formulae have been published for 
replacing the two successive baths Nos. I and 2 
above-mentioned by a single bath, but these do 
not allow of so much control of contrast, and 
the prints successively obtained from the same 
silver image become more and more contrasty, 
the density of the shadows increasing whi ls t 
the details in the high-ligh ts progressively 
disappear. 

697. Theory of the Carbro Process. The 
potassium ferrocyan ide formed during the action 
of the mixture of potassium ferri cyanide and 
potassium bromide (§ 588, footnote) on the silver 
constituting the original image reacts slowly 
with the bichromate, reducing th e la tter to 
chromic compounds wh ich insolubilize the 
gelatine (§ 636), wh ilst the ferrocyanide reverts 
to ferricyanide. 1 A sma ll fraction of the silver 
is attacked directly by the bichromate after 
immersion in the acid bath, but t he chromic 
compounds arising from this seconda ry reaction 
insolubilize the gelatine of the bromide paper 
in situ, and cannot cont ribute to the formation 
of the final image; the fact that th is reaction 
removes a certain fraction of the silver from 
participation in th e fund amental reaction ex
plains the reduction of the contrast of the final 
image when immersion in the acid bath is 
prolonged. 

The favourable effect of the acid in the matter 
of the preserva tion of the gradation of the 
high-ligh ts appears to be as follows (F. J. 
Tritton, 1926): The very hard gelatine of the 
bromide prill t has swelled to the maximum 

1 An image, wh ich would, however, have vcry faint 
details in the lights, wo uld be obtained by impregnating 
the carbon tissue, be fore contact with the s ilver imago. 
with a solution con taining only ferricyanidc and bro
mide, and then placing it, before transfer, in a solutio n 
o f bichromate. 

The formatio n o f an intermediate so luble produ ct, 
capable of diffus ing fro m onc layer to the other, is 
obviously not necessary in the c~se of pap~rs wh?se 
sen sitive layers co ntain both the Silver bromIde wInc h 
forms the provisional im age and al so the co loured 
pigment forming the final im age by an analogous pro
cess (J. M6zaros, 1905; V. Vaucamps, 1907). Such 
papers have been manufactured for some years In 
Ger many (1908) . 
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possible extent during its long immersion in 
water before being placed in contact with the 
carbon tissue . The soft gelatine of the carbon 
tissue, on the other hand, immersed for a short 
time only in a neutral bath, and then, at the 
last moment, in an acid bath which favours 
swelling, does not have time to swell much; its 
swelling therefore continues after it has been 
applied to the silver image, at the expense of 
the water contained by the latter, which is thus 
attracted, by a species of suction, towards the 
layer of coloured gelatine. In this way, the 
diffusion of the potassium ferro cyanide formed 
in contact with the silver is directed towards 
the carbon tissue, in a direction normal to the 
surface of contact, and this is the reason why 
there is no appreciable loss of sharpness , as 
would necessarily be the case if the diffusion 
were not directed. It has also been found that 
the images are much less vigorous and sharp if 
the bromide paper is slightly swelled and the 
carbon tissue much swelled at the moment of 
placing them in contact. 

By producing a very slight superficial tanning, 
the formaldehyde facilitates the insolubilization 
of the gelatine by the very small quantities of 
chromic tanning agents produced in the details 
in the high-lights of the image. Finally, the 
acetic ac id provided for in some form ulae allows 
the gelatine to swell without promoting ex
cessively the direct action of ch romic acid on 
the sil ve r, as hydrochloric acid does. l 

(b) THE BROMoIL PROCESS 

698. The Bromide Print. The conversion of 
a bromide print into an image in greasy inks 
was described by E. J. Wall and C. Welborne 
Piper in 1907. 

The bromide papers prepared specially for 
this process have a thick layer of emulsion, made 
with a very soft gelatine; failing these,2 ordinary 
bromide papers can be used, provided choice is 

1 Analogo us phenomena have been uti lized by O. 
Gros and Ostwald (I90 I) in a process called J(atatype; 
the reduced lnetai of a platinum image (§ 630) was 
employed to catalyse a reaction between various com
pounds impregnati ng th e carbon tissue. 

To this process may be con nected the phenomenon 
sometimes observed of the formation of an image on a 
paper coverin g a photograph (sometimes even through 
a ti ssue paper fly -leaf whic h shows no trace of image) 
formed of silver, silver sulphide or platinum . The 
yellow ish brown tran sfer, of very variable depth , seems 
to be due to oxidation of the resi n u sed in s izing the 
paper, t h is oxidation being catal yzed by the very finely 
divided su bs tan ce forming the initial image. 

2 I t cannot be too strongly emphasized that beginners 
should use the sp ecial papers for their first attempts. 

made of those with a gelatine which gives good 
relief on swelling. It is well to choose matt 
papers on a stout, smooth base, with a coating 
able to stand transfers. For one thing, matt 
papers, as a rule, do not have the over-coating 
of gelatine used with the emulsion of glossy 
papers to protect it from abrasion (§ 548); for 
another, matt emulsions contain starch grains, 
which, on wetting, do not swell so much as the 
gelatine, and thus produce a granulation of the 
surface of the gelat ine which greatly facilitates 
inking. 

The lightest tones of an ordinary image on 
bromide paper do not usually come out in the 
final inked image, whereas the heavy tones are 
distinctly accentuated. H ence the working con
ditions must be adjusted, so that the tones of 
the silver image range from a clear grey to a 
deep grey, and not from white to black. To 
obtain such an image, of sufficient depth and 
with only slight. contrasts, ample exposure must 
be given with short development, but all fog 
must be avoided, as this would reduce the 
swelling. 

For the same reason, old developer should 
not be used, since the oxidation products of 
development may cause a slight general tanning 
of the gelatine (§ 350) . If a tanning developer 
(e.g. pyrogallol) is used, the quantity of sulphite 
needs to be increased in order to confine the 
hardening action to the gelatine of the image . 

In order to allow of the maximum swelling of 
the gelatine after wetting and before inking, the 
silver forming the image should extend, at any 
rate in the blacks, the whole depth of the 
emulsion. An aid to this is the use of relatively 1 

short development, in a slow-acting developer, 
of a fully-exposed image, or, better still, an acid 
diaminophenol developer (§ 386) , much appre
ciated by some workers. 

Fixing can be done in a bath acidified with 

1 If, for example, one uses the diaminophenol 
developer suggested in § 563, diluted preferably with 
an equal quantity of water, the optimum duration of 
development at 60° F. win be about eight times the 
period of the appearance of the first details instead of 
twelve times, which is the best factor for prints t o be 
kept as such . This value of the \i\Tatkins "factor" 
would have t o be slightly increased in a warmer bath, 
and s lightly reduced in a colder bath . The time of 
exposure required by shorter development (§ 557) and 
the use of a dilute developer res ult in an image not 
confined entirely to the external coating of the emu l
sion, but spread through a greater depth, the tanning 
affecting, in these conditions, a larger quantity of 
gelatine; hence a greater difference in l evel between 
the r aised and r ecessed parts of the swelled print. 
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sodium bisulphite ; the hardening of the gela tine 
thus produced lasts only a very short time. 
The fixing bath must on no account cont ain 
alum, which would reduce the permeability of 
the gela tine, and , consequently, its swelling. 

699. Bleaching the Image. The various 
methods proposed to ensure the tanning of the 
gelatine at the points where it encloses the silver 
of the image, in the course of which the image is 
bleached by conversion of the metallic silver into 
silver bromide, give practically the same results. 

Bleaching may be done as soon as the print 
has been washed free from hypo; or it may be 
done after drying, in which case the opera tion 
may be postponed to any convenient time. 
Excellent results have been obtained on bromide 
prints several years old . 

It is usual to employ for this operation a bath 
containing cupric bromide (or an equivalent 
mixture of potassium bromide and copper 
sulphate) 1 and a bichromate or chromic acid. 
The use of an acid bath, sometimes recommended 
for bleaching prints with excessive contrasts, 
tends to induce, by dissolution of the cuprous 
bromide or chloride and dist ribution of this salt 
throughout the layer, a general tanning of the 
gelatine; subsequent swelling, and, therefore, 
inking, is then m uch more difhcult. The most 
that should be done is to add a trace of acid to 
a very hard water in order to neutralize it, but 
it would be better to use boiled water. Amongst 
others the following ba th may be used, pre
pared only at the moment of use in sufhcient 
quantity for the t rea tment of one print , and 
made fresh for each succeeding print 2 

100/0 solution copper sulphate • 5 oz . 
10 0/0 solution potassium bromide 10 oz . 
1 0/0 solution potassium bichromate 2 oz . 
"Va t er, t o make . . 20 oz. 

In this bath the image gradually 

(250 e.c.) 
(500 c.c.) 
(100 c .c.) 

(1,000 c.c.) 

weakens, 

1 The substitution of sod ium chl oride for p o tassium 
bro mide on ly slightly m odifies the results (H . D. 
Murray and D. A. Spencer, 1933). 

2 F or the sake of using the ch clnicals t o the full, 
when treating a large number of prints, the bleacbing 
of the image and the tanning of the gelatine may b e 
done in separate operations b y successive immersion 
in the two b aths (H. J. P. Venn, 1926) given below, 
which k eep indefinitely , and which may be u sed a 
great number of tinlCS, ev en at lo ng intervals-

B 

I O% solution of copper sulphate . 
I O%l solution of potassium bromide 

IO % solution p otassium b romid e . 
I % solution potassium bichromate. 
,Vater, to make. . . . 

19 parts 
r part 

2 parts 
1 part 

IO parts 

and in a few minutes disappears almost com
pletely 1 if the bath is not too cold nor the blacks 
too dense. Wait until bleaching is complete 
before removing the print, and in any case keep 
it in the bath for at leas t 4 minutes to prevent 
irregular action. 2 If bleaching takes more than 
five minutes the bath is probably exhausted and 
should be replaced by a fresh one. 

The bleached print is washed in several 
changes of water un t il the water is no longer 
coloured. It is then placed in a very dilute bath 
of sulphuric acid 3 (about I per cent) in which 
the last traces of the image disappear, the only 
sign left being a slight relief of the high-lights. 
A more concentrated bath weakens the tanning 
of the gelat ine, especially in the high-lights, as 
does also a bath of hydrochloric acid. Then 
follows a fur ther washing in several changes of 
water. 

The print contains, in the state of silver 
bromide (liable to darken in light), the whole of 
the silver which formed the original image. 
Darkening of this silver bromide would produce 
a double tone in the image and would handicap 
the inking of the prints to be transferred. It is, 
therefore, best to dissolve this s ilver bromide in 
a fresh fixing bath (solution of hyposulphite, 
alone or with the addition of bisulphite but with 
no alum). After the usual washing, the print 
should be put to dry . This drying a llows the 
gelatine t o stiffen and prevents various failures 
in the inking process. 

700. Swelling of the Image. Inking must be 
preceded by a swelling of the gelatine, causing 
the image to appear in bas-relief. The best 
results are generally obtainecl with the maximum 
degree of relief' The process can be carried out 
indiscriminately on a print which has just been 
bleached, washed, and dried, or on an old print 
even one several years old. 

To ensure the proper degree of swelling, it is 
usually sufficient to leave the print in cold water 

1 The image lcaves a brown or greenish resid ue, which 
is of no importance. 

2 Some writers recommend that bleachi ng should 
be done in a weak light, b ut there seems no object in 
doing so . 

a See footnote t o § 364: precautions to take wh en 
handling sul phur ic a cid . 

4 For a long tilne it v,ras b elieved tha t inking up could 
n ot b e effect ed satisfactorily except on very much 
s\vollen gelatine with a marked relief . Some brom ide 
papers specially prepared for bra moil work ink up per
fectly a fter a very short soak in t epid water which does 
not p roduce much swelling, and the image is visible 
only through the contrast between the matt p ortions 
(shadows), a nd the glossy p ortions (high lights). 

• 

, 

, 
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for several hours, or in tepid water (800 F. to 
95 0 F.) for a quarter or half an hour. It is also 
possible to hasten the swelling with a solution 
of ammonia (4 per cent to 10 per cent of am
monia), the print being rinsed afterwards in cold 
water. Finally, if a transfer press is available 
(§ 689), the wet print may be pressed between 
two pieces of dry blotting-paper, the print thus 
acquiring, on re-wetting it, a more accentuated 
relief, according to the number of times it is put 
through the press (§ 687). 

70r. Inking, Finishing, and Transfer. The 
inking of Bromoils is done as for gelatine-coated 
papers (§ 685), but usually a slightly softer ink 
is used. 1 

Inking is rendered more difficult according 
as development of the bromide print has 
been forced (higher Watkins factor). On the 
other hand, if development is incomplete, the 
gradation will be deficient and much detail 
lacking. 

As already noted (§§ 686-690), prints may 
be de-grfOased or also used for transfer. 
Bromide prints intended for transfer must 
have been 'printed reversed, preferably by 
projection. 

1 Bromoil is so metimes used to obtain lithographic 
transfe r prints , especially for printing enlarged half
tone prints (posters) . I nking is then carri ed out with 
transfer ink s uitably diluted and applied with a 
rolle r, the excess of ink b eing r Cllloved fro m the whites 
by slight rubbings with a pad of cotton w oo l moi st en ed 
with water. 

Mention may be made of the possibility of 
dissolving the gelatine in the whites of a Bromoil 
by treating it with very dilute solution of sodium 
hypochlorite (G. Underberg, 1925). This process 
inevitably causes a certain eating-out of detail 
in the high-lights. 

Finally, mention may be made of the possi
bility of transferring ink impressions in succes
sion on to the same sheet of paper. The same 
bromide print may be used, or several prints 
from the same negative, and the inks may differ 
only slightly in colour, but be of varying con
sistencies, for double-tone effects, or may be of 
different colours for multicolour effects. Such 
effects are admissible only when they are perfect, 
and it is therefore necessary t o be sure of one's 
ability before attempting work which is, as a 
rule, successfully accomplished only by those 
able to achieve the results without any photo
graphic base at alP 

1 A variant of the traditional bromoi l meth ods was 
p atent ed by F. F. Renwick a nd F. J. S hepherd (1932) , 
involving the use o f a bro mide paper with a n emulsion 
hardened t o a maximu m during manufacture. D evelop
n1ent is stopp ed in a weak a cid bath (borax and boric 
acid) a nd the bleaching bath is kept at the same 
acidity. Thi s avoids the d ifficulties often due t o a local 
accumulation of calciuln salts during intermediate 
dryin g . Fixing is d one once only, after bleaching, and 
is followed by washing and dryin g . The ink is applied 
with a r o11er, either to a dry print or t o a print swollen 
with \vat er containing g lycerine. The excess of ink is 
rem oved u n der water by means of a felt ro ller covered 
with r ubber. If necessary, final t ou ches are g iven by 
inkin g \\lith a brush. 



CHAPTER XLIV 

FINISHI NG AND WORKING-UP PRI NTS ; TRIMMING, MOUNTING, 

RETOUCHING AND COLOU RING 

702. General. Trimming must obviously re
move the edges of th e print, which are often 
defective, owing t o gelatine having separated, 
finger ma rks, etc. It gives the print a neat 
appearance , and should also remove unnecessary 
portions which are without interest or disturb 
the unity and balance of the composition. It 
is very rare that the a rrangement of the picture 
on the plate is perfect and that the st andard 
sizes of the sensitive materials, negative or 
positive, include the subj ect to the best advan
tage . There are few photographs but will benefit 
by judicious pruning. 

The purpose of moun t ing is not merely to 
protect the prin t from the friction and wear to 
which a thin paper is exposed; it aims also at 
se tting the print apart from its surroundi ngs, 
so that a spectator can concentrate his atten tion 
on it. "The object of a frame is to place round 
the work an area of restful lines, in quiet tones, 
which isolate it from the coloured confusion of 
the walls; the prime quality of a frame is 
unobtrusiveness" (C. Puyo , 1903) . 

Neither the paper nor the card which forms 
the background, nor the frame, can greatly 
improve a photograph, but it is equally true 
that they can, wh en badly chosen , do it a great 
amount of harm . The mounting of a p rint 
should therefore be studied, from the poi nt of 
view of avoiding a commonplace and a lso an 
extravagant effect. 

703. How Much to Trim. The amount of 
picture to be trimmed a way is best found by 
trial, using two L-shapecl pieces cut out of thick 
paper and marked with a scale of half-inches, 
the numbers start ing from the angle, so as to be 
sure of forming a rectangle. This preliminary 
study of the picture may resul t in sacrifIcing a 
relatively la rge portion of it. It is, therefore, 
well to carry out this trimming as soon as the 
first prin t 1 has been t aken from a negative, for 
in this way it may be seen at once if a smaller 
size of printing paper may be used for succeed ing 
prints, or if it would be better to make the 
prints by enlargement. 

1 It is specially adv isable to do this if it is wished 
t o print with a whi te marg in or toned bord er (§§ 5 1 2 -

5 ( 3). 

In doing this, the general rules of artistic 
composition should be foll owed, and attention 
pa id t o the following points. 

In the case of a profile or three-quarter-Iength 
portrait the head should not be centred on the 
vertical axis of the trimmed print; more space 
should be left on the side towards which the 
model is looking. In the case of half-length or 
full-length portraits, the trimming will have a 
great effect on the apparent height of the sitter, 
who is dwarfed if the photograph is trimmed at 
a point far above the head (this is the usual 
way of trimming children's portraits). On 
the other hand, the height of a figure appears 
greater if the print is trimmed close above the 
head. 

In photographs of a rchitecture, landscapes 
with monuments, or industrial subjects, the 
t rimming of the print should depend enti rely on 
the vertical lines of the subject. Never depend 
on the horizontal lines, which, one knows, are 
not generally parallel wi th the horizon. If the 
picture has not been properly registered on a 
vertical plate, and if, consequently, the images 
of the various vertical lines cannot be parallel 
to each other (§ 931), choose judiciously an 
average vertical line, so as to distribute the 
error; trimming in parallelism with one of the 
vertical lines nearest to one of the sides will give 
the verticals on the other side an exaggerated 
obliquity. 

Landscape often includes no ver tical lines at 
all. In this case one is guided preferably by 
water (t he apparent horizon of a seascape or a 
panorama, lakes a nd rivers) , or by the average 
perpendicularity of trees. Failing such indica
tions, t rimming is done so as to render the per
spective of the picture t o the best advantage. 

H aving decided where to trim, mark the lines 
on t he print with a hard, fi nely-pointed pencil , 
or, at least, mark the corners of th e rec tangle 
which the trimmed print is to form . 

For the sake of variety in a collection, or to 
cu t out part of a defective print, photographs 
are sometimes trimmed to circles or ovals 
(ellipses) . Such fancy trimming, however, should 
be used with restraint. A profile head may 
suitably be trimmed to a circle, after the manner 
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of a medallion, or a half-length portrait may be 
cut to an oval. 

Professional portrait photographers for many 
years bound themselves to the exclusive use of 
a certain number of standard sizes, enumerated 
below, but from which, in recent years, they have 
cut completely adrift, at least as far as concerns 
the outside size of the mounts-

Name 

Midget • • 
C.D.V. • • 

Cabinet • • 

Promenade • 

Boudoir • • 

Imperial • • 

Panel • • 

• 

• 
• 

• 

Size o f print 

inches . , 
2 X I n. 
3t X zi" 
5 '· X 4,'· I:! _ h 

7~ x 3f/j 
8 X 5+ 
91 X 6i 

IT t X 7 

Size of mount 
(cl ose up) 

inc hes 
zr-t. X I I"() 
4l rr X zt 
6t X 4t 
8t X 4 
8t X 5! 

10 X 6k 
' 3 X 7t 

704. Trimming. The trimming of prints is 
usually done with a shearing blade or cutter, 1 

operated by hand or foot. The usual pattern is 
one in which the cutting blade is fixed to a base 
on pivots which allow it to swing to and fro 
sligh tly. The print is placed on a bed which 
butts against the blade by the operation of a 
spring. On the bed being pressed down against 
the cutting edge of the blade, any margin of 
print projecting from the bed is cut cleanly off. 
Those models are to be preferred which comprise 
a squared guide or a bed ruled in squares, the 
object, in either case, being to ensure rectangular 
corners when trimming. The alternative means 
is to use a cutting tool, guided by a rule or set 
square of glass or steel. 2 

For this is used either a bookbinder 's knife, 
fixed in a handle with a tightening screw, or a 
penknife, or a vaccination lancet in the form of 
a pen mounted in a stout penholder. Whatever 
may be the tool chosen, it should be frequently 
sharpened on an oilstone. 

The transparency of trimming shapes and 
set-squares of polished glass is an advantage, 
but there is always a ri sk of their slipping over 
the print during cutting. Moreover, there is no 
need to see the picture if the cutting line has 

1 \Vith some trilnmers, specially designed for trim
ming prints with a narrow white Inargin, there is an 
adjustable arrangclnent ensuring automatically that 
each cut is made at a constant distance froin the 
(masked) edge of the p icture, this distance having 
previously been set by a register stop. 

2 Bevelled rules or set-squares should not be used as 
the cutting tool is liable to slip to the fin gers holding 
the instrulnent down on the paper. Trimming with 
scissors demands great stead iness of hand and eye, and 
is rarely done. 

been determined beforehand (§ 703). Ground
glass set-squares, which are sometimes used, 
have no advantages over those of steel. In order 
to prevent steel rules and set-squares from 
slipping over the print it is a good plan to 
roughen the under side with glass paper or 
emery cloth. Rules and set -squares made of 
wood or ebonite should not be employed; they are 
liable to get chipped and so be rendered useless. 

When photographs are trimmed to a certain 
number of set sizes lone uses a cutting shape 
made of glass 2 or metal (usually zinc). The glass 
shapes are generally made with roughened or 
ground surfaces, with or without a squared scale, 
t o facilitate placing in the correct position. The 
metal shapes are generally made in the form of a . ~ -
mask, the cut being made along the inside edge . 

For trimming, the print should lie on a flat 
bed, soft enough to avoid the necessity for 
frequent sharpening of the tool. The best 
cutting beds are those of wood, made with the 
surface at right angles to the grain of the wood, 
as is done in the case of butchers' blocks ; cuts 
made by the trimming knife thus disappear on 
wetting with water. Sheets of roofing zinc are 
often used (if new, they should be roughened 
to prevent slipping). The disadvantage of glass 
is that it very quickly blunts the tools. Again, 
the bed may be a sheet of cardboard or a pile 
of waste sheet s of paper. 

For trimming with a shape it is convenient 
to use a trimming table, consisting of a board 
turning freely on a vertical axis . 

Trimming to a circle 3 or oval is usually done 
by means of glass or zinc shapes , which may be 
bought in various forms and sizes; a wheel
cutter is used with them. The wheels are not 
usually re-sharpened, but are replaced as 
needed. 

Prints may be trimmed wet, using glass 
shapes and a wheel cutter, laying the prints face 
down on the glass. 

Trimming with the deckled edges sometim es 
adopted for prints with wide margins on coarse
grained cards, and obviating the necessity of 
mounting on cardboard, is often done by the 

1 A stamping machine is sometimes used. 
2 Glass buttons fastened to the glass st encils with 

silicate to serve as handles usually come off as soon 
as used; wooden buttons celnented into a hol e in the 
centre of the glass are preferable. 

3 For cutting circles, special compasses can be 
obtained. The cutting of a circle or an ellipse can also 
be done directly by ellipsographs similar to those 
used by picture-frame makers for cutting glass. Trim
ming with scissors only gives disastrous results. 

---------------------------------------------------------------------------------------------



452 PHOTO GRAPHY: THEORY AND PRA CTICE 

manufac turer of the sensitive paper, the sheets 
being left as they are, precautions being taken 
not t o damage the edges. 1 

Photographs printed in large numbers are, 
preferably , cut up in piles on a guillot ine. 
F or this it is necessary that the various sheets 
are piled in such a way that the pictures are 
exactly superposed, ei ther by bringing two sides 
of each sensitive sheet against fixed studs when 
printing them, or by punches on the bed of the 
printer by which each sheet is perforated, these 
perforat ions allowing of the finished prints being 
registered on the bed of the cutting machine. 

705. Choice of Mounts. I n choosing mounts fo r 
prints there are various points to be considered. 

In mounting silver prints with an aq ueous 
paste, it is very important that t he mounting 
board should be free from hyposulphite, 2 which 
is liable t o spread into the print before the paste 
is dry , and to affect the image in time. In the 
same connection, the use of cards with bronzed 
(imita tion gold) lettering should be avoided; 
the print may be defaced by particles of metal 
adhering to the card. 

Cards used in wet mounting should be capable 
of resist ing the t endency t o curl as the prin t 
dries,3 unless prints are a fterwards t o be hot
burnished. 

When the prints are t o be framed "solid" 
or " close-up" in wood frames (the mount not 
showing between the picture and the fram e), 
the colour of the mount is of no conseq uence, but 
in all other cases the texture and the colour of 
the mount must be considered. From this point 
of view, very useful information may be gained 
from a careful study of engravings, charcoal 
drawings, red crayon drawings, and other works 
of art in monochrome in museums, exhibitions, 
and in the windows of picture-fram ers. In a 
mat ter where taste and persona l preference play 

1 Fo r tri mm ing in t hi s way by the worker, a fter 
fini shing the prints, the use has been suggested of a 
saw blade, at leas t I2 in. lo ng, and of a metal plate, 
o ne edge of which is bevelled (or, bett er still, ro uncl
c hamfered). The print is placed o n the metal p late, 
the edge to be cut projecting over the upper edge of 
the bevel; the saw blade held in the ha nd is then 
passed ob liquely along t he bevell cd plate (S. J as ienski, 
1: 925). Shears cutting a declded edge are now sold, and 
this is mu ch to be regretted in vicw of the excessive 
use of declding with small prints on glossy paper. 

, H ypos ulphite of soda is used in t he manu facture 
o f paper t o dest roy excess of hypochl orites used in 
b leach in g pulp. 

3 In France thicknesses of cardboard s a re genera lly 
defined by the numbers of the Paris gauge, viz. -

No. of the gauge . . P ora I 2 3 4 5 6 7 8 9 1 0 II 1 2 
Ten th s o f millimetres . 5 6 7 8 9 1 0 II I 2 13 14 IS 18 19 

the chief parts, it is obviously im possible to lay 
down hard and fast rules, but a few hin ts may 
be given with advantage. 

The mount should never be glossy or of bright 
colour. It must be remembered that a dark 
mount makes the lights of the picture look 
lighter, and, inversely, that a very light-coloured 
mount will increase the apparent depth of the 
blacks. 1 The tones of the picture in relation to 
the mount may be made effective either by 
harmony or contras t, but colour contrasts are to 
be avoided if the p icture is not in itself of con
siderable vigour. Blue tones (and blue-blacks), 
as well as browns, lend themselves generally best 
to an harmonious com bination with the mount; 
red and reddish t ones will stand either harmony 
or contrast (for example, yellowish, greenish, 
or grey-blue mounts); pure black tones suit 
mounts of almost all shades. When there is any 
doubt, a neutral grey should be chosen ; this 
tone sui ts any colour of the picture. It is often 
suffi cient to have a narrow border, separating 
the picture from the mount, in order to modify 
their mutual effec t. 

Fortunately , the use of variegated and orna
mental mounts, always in bad t aste, has been 
abandoned . Dry-mounting methods, allowing 
the use of thin mounts, have provided photo
graphers with matt or rough papers of the many 
shades used for magazine covers and in modern 
high-class printing, 2 in addition t o drawing 
papers. When not used alone, such papers may 
be pasted to the cardboard (e .g. with starch 
paste) under suitable pressure. It is a lso 
possible to use fa brics pasted on card or, in the 
same conditions, leaves of wood veneers: rose
wood, olive, walnut, etc. 

Thin papers, especially in dry mounting, may 
be used with very pleasing results in multiple 
mounting. By backing the print with a series 
of progressively larger mounting papers of 
varying size and t one a series of borders is 
produced. The result is similar in effect t o that 

1 I t is easy to see for o neself that two squares cut 
fro m the same piece of grey paper appear to possess 
very d ifferent depths of to ne when p laced respectively 
o n a light grey m oun t a nd a dark grey mount. 

2 Comillercial no men clatu re for the sizes of these 
papers is as fo ll ows-

lVIedimll 18 in. • 

• • • • X 23 In. 
R oyal • • • 20,~ in . X 251 in. -
D Oll ble crown • • • 20t in. X 30t in . 
D emy • • • • ' 7it in. X 22-!- in. -Double cap • • 

• • 17 In. X 27 In. 
Large post , 6! ill. . 

• • X 2 I In . -I mperial 
. · 

• • • • 22 I n. X 30 In. 

• 
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obtain ed with wash and line 1 on the cut-out 
mount used for framing engravings and water
colour drawings. A warning may be given 
against allowing the different borders t o follow 
each other in order of dep th of t one. 

Before deciding on a mount, the print should 
be placed in conjunction wit h papers of different 
tints, more or less deep, so as to fin d the one that 
shows the picture to the best ad van tage. In 
choosing colours, beware of those which show 
differently in more or less yellow artificial 
light. 

Mention may be made of the passe-p artouts 
of fixed size , which consequently rarely suit 
the subj ect to be framed, except in the case of 
the professional portrait. 2 Finally may be men
tioned the use, as mounts, of panels of veneer 
wood (for pictures of very large size) , or of 
stout canvas (photographs used by commercial 
travellers) . 3 

706. Placing the Picture on the Mount. A 
picture placed precisely in the centre of a mount 

. 
1 Interesting effects may be obtained on light, smooth 

mounts by a toned border applied by means of an a ir 
brush (§ 722) , as follows : T he print is la id fl a t on a 
table and covered with a rectangle of stiff paper 
(t rimmed wi t h the print) covering t he picture exactly, 
and is held in place by a st.rong glass p late (window 
glass o r trimming shape), forming a paper weight . 
A rectangular m ask c ut out of stiff p aper is centred 
ex actly round the picture so as to expose only t he part 
to be t inted ; this 111ask is held in place by four strips 
of strong g lass , placed very near the edges (the same 
set of fou r strips suits very v arying s izes if suitably 
placed ). T hen a v ery light tint o f grey or bistre 
is laid on. If thought well , this border may be com
pleted by a b order-line done with the drawing-pen 
in the same colour b ut a deeper tone . I t is well to 
protect the lTIOunt fronl any contact with the steel 
rule (used for the lines) by covering each t ime with a 
piece o f white pap er t he portion under t he rule. T he 
masks and counter-masks should be kept in p roper 
order near the work table. 

2 For attaching p ri nts without t he lise of an ad hesive, 
gummed fasteners are so metimes fi x ed to t he mount ; 
they have s lits into which the corners o f the pr int are 
slip ped. 

3 The albums sold for collections of photographs are 
very freq uently u nsuitable for i nd ividual req uirements . 
In such a case one Inay make an album fo r oneself by 
tak in g the sheets on which the prints have been 
mo unted to a bookb inder; or, s impler still , the various 
sheets may be united by a cord, and a cover may be 
made of two p ieces of cardboard (covered with paper 
or fabric) , p iercing in each t wo holes by means of a 
punching machine. I n this case the punching mach ine 
must be fixed to a board on which have been screwed 
wooden bl ocks, fonning stops, so t hat the p erforat ions 
may be always made in t he same pl aces. As regards 
alb ums bought ready-made, choose those w ith remov
able leaves, which give the collector more liberty in 
mounting his prints . 

will always appear to be too low. It is a tradition 
almost universally accepted that if the greater 
dimension of the mount is the vertical one, the 
upper and the side m argins should be the same 
width, and distinctly narrower than the depth 
of mount below the print. 1 If, on the con t rary , 
the larger dimension of the mount is horizonta 1, 
the lower margin and the side margins should 
be equal to each other, and t he space above the 
print of distinctly less depth . 

Lateral centring of the print is facilitated by 
the use of a divided rule with the zero in the 
middle, th e two sides being numbered sym
metrically (V. J obling, 1919) .2 

As a general rule, the m argins are relatively 
much larger for a small print than for one of 
very large size . 

In multiple mounting, use is made alternately 
of bands of very unequal width, some being so 
narrow as to be merely lines. For example, the 
picture m ay be separated from the outer border 
(which is always the largest ) by a line and band, 
or a line between two bands, or a band between 
two lines. Trials may be easily made on one of 
the corners of the picture, the successive mounts 
being applied so as to show the final appearance 
along two sides only of the picture. 3 

707. Various Methods of Fixing the Print on 
the Mount. For many years th e fi xing of photo
graph s on to their mounts was done with starch 
paste or, sometimes, gum arabic. The incon
venience of this method is that the prin t expands 
before being applied t o its mount by the moisture 
of the paste , and thus becomes di storted in 
shape, since the expansion takes place entirely 
at right angles to the fibres of the paper (§ 613) , 
and persists after drying. Moreover, the s train 
put upon the card by the print tends to curve 
the whole, the print then appearing on a concave 
mount, unless steps are taken t o prevent this 
curling or to remedy it. 

F or mounting glazed or enamelled ph oto
graphs (§§ 614 and 615) a narrow edging of thick 
rubber solution may be applied t o the prim, 

1 T his rule applies even in the casc~wh ich is rat.her 
ex ceptional b ut some times· q uite good- of a picture 
mounted lengthwise on an " upright JJ mount T he 
depth of t he lower m argin shou ld differ very little 
from t he height of t he p icture itself. 

2 It is sufficien t to cover t he n umbering on a Iz-in. 
rule with a band of paper, and to lnark the new scale 
on this banel . 

3The under-tints frequ ently h armon ize b est by 
resemblance one t o another when at least t in. w iele ; 
narrow edges usually harmonize best when they con
trast w ith the average depth of the picture and the 
colour of the mount. 
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there being then no moisture t o impair the 
brilliancy of the surface . 

In course of time, dry-mounting came into 
use . In this process thin sheets of gutta-percha 
(manufactured for wat erproof dressings) have 
been used, but the usual" tissue " is thin paper 
(" onion skin " or foreign post paper), impreg
nated on both surfaces with a preparation of 
shellac. The sheet is placed between the prin t 
and the mount. In either case, pressure of the 
whole a t a sufficiently high t emperature melts 
the gutta-percha or the shellac, thus ensuring 
perfect adherence of the print, without distor tion 
of the image or curling of the mount, and with 
the additional advantage tha t the print is 
isola ted from the mount and its possible im
purities by an impervious coating. Also that 
the print may at any time be detached by sub
ject ing it t o a t emperature slightly higher than 
that used for mounting. 1 

More recently it has been the custom t o 
attach prints on their mounts only by the upper 
edge, which gives the print no protec tion a t all 
against being rubbed or torn. When this method 
of m ounting is adopted by professional photo
graphers it is customary t o use a mount whose 
horizontal dimension is twice the ordinary 
width, and which is folded over on the prin t 
(folder mount) so as t o provide it with a protect-
• 

mg wrapper. 
708. Mountants. Adhesives for mounting 

photographs must not contain either acid (found 
in many liquid office pastes) , which would 
deteriora te the print or alter its colour, nor 
hygroscopic substances (e .g. glycerine), which, 
by keeping the print slightly damp, renders it 
liable t o be affected by atmospheric agencies . 

These conditions are fulfilled by freshly
prepared starch paste, which is specially suitable 
for thin papers, and by dextrine, which is thicker 
and more adhesive, and is suitable for thick 
papers. 

In exceptional cases use is made of a solution 
of gum arabic, or of strong liquid glue (the kind 
usually sold in tubes for domestic purposes) , or 
of rubber solution (mixture of parings of un
vulcanized rubber sheet in rectified benzol) of 
the consistency generally used for pneumatic 
tyre repairs. 

1 Mention m ay also be made of the use of thin p apers, 
gu mlned o n both sides. T hese are moistened with 
water, either alI over, or only along t h e upper edge. 
There a re also t he gummed frames, which, after bcing 
wetted, are laid o n t he borders of the print (which 
needs no trilnming) and then on the suppo rt, the print 
b eing thus enclosed . 

To prepare starch past e, about 2 oz . (roo grm. ) 
of rice starch are mixed with 2 oz. ( 1 00 C. C. ) of 
water (preferably in a mortar), ma king a thick 
cream, without lumps. This is poured slowly 
into about 5 oz . (250 c.c.) of boiling water, which 
is kept boiling while the mixture is stirred with 
a spatula or wooden spoon until it turns t o a 
bluish translucent liquid, which thickens on 
cooling.l Whilst the mixture is still warm about 
11 gr. (0'2 grm.) of salicylic acid or of thymol 
may be added t o it, t o retard slightly the 
spontaneous liquefaction , which, otherwise, be
gins in a few hours. The past e should be filtered 
while warm through a piece of fine linen, so as 
to remove lumps and any extraneous mat ter. 2 

Dex t rine past e is a thick, white, opaque mount
ant, which keeps indefinitely and is much used 
in offices. It is made by bringing about 20 oz. 
(1,000 c.c.) of water t o a t emperature of about 
1760 F. (this temperature should be maintained 
throughout the operat ion) ; in this is mixed 
10- 12 oz . (5 00- 600 grm. ) of white dextrine, 
adding a little a t a time, and maintaining the 
t emperature un t il a translucent liquid is ob
tained; t o this is added about 1 0 gr. (I grm.) of 
thymol. It is filtered through fine linen and put 
into pots, closed a t first only by a piece of linen. 
At the end of a few days the mixture becomes 
thick paste; the pots may then be corked . F or 
use, the paste is thinned with a very little water, 
about as much as the brush will hold. 

Solution of gum arabic is prepared with the 
pale gum, roughly broken up and hung in a 
small muslin bag, in its own weight of wa rm 
water, with the addition of about 0 '1 per cent 
of thymol. When completely dissolved it m,ty 
be filtered if necessary . 

F or mount ing by the edges, or by the upper 
edge only , liquid adhesives in tubes may be 
used, thinned, as required, with a little wat er , 
this glue being run round the prin t (Fig. 186) 
by means of a small oilcan (N . E . Nilson, 1 925 ) . 

709. Full Mounting. Mounting is done with a 
fairly stiff hog-hair brush , of the fl a t, " fi sh-tail" 
type. The brush , once charged with the neces
sary amount of mountant, should not be put 

1 The adhesive power of the starch can be greatl y 
increased by dissolvi ng in it. w hile s till hot, about 
25 to 35 gr. (3 to 4 grm.) of gela tine, previously well 
swell ed in cold water. 

2 It is a lso p ossible t o use the solub le starches such 
as are supplied for pasting wallpaper. T he paste is 
m ade by m ixing the cI ry p owder with a little cold 
w ater, and it keeps v ery well if an an tiseptic, especial1y 
a very small amount of formaline, has been added to 
the water. 

.. -- - ------ ---------------
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back into the paste, nor should it be left so 
that the hairs pick up dust or soil the work table. 
In the handle, as near as possible to the metal 
binding, may be screwed small wooden pegs, 
the end of the handle being weighted with lead, 
so that, when the brush is laid down, the hairs 
are kept out of contact with anything. 

The prints to be mounted are soaked for a 
few seconds in water, and piled face downwards 
on a glass (obviously this method is not suitable 
for glazed (st ripped) prints, which must be 
moun ted dry by means of an edging of st iff 
mountant). The top print is then coated with 
mOllntant. The print is then lifted off and at 
once laid in its place on the mount; 1 it is then 
covered with a piece of hard paper, and contact 
is ensured by pressure from the centre outwards 
wi th a linen pad or a rubber roller squeegee. 2 

To keep the mount flat during the drying of 
the print, the mounted photographs are piled, 
face down (placing the first on a piece of blott ing
paper or very clean ordinary paper), with a 
weight on top. Also, while drying, they may 
be curved in the contrary direction by slightly 
springing them between pairs of wooden strips 
nailed to a board, the distance between the 
strips being a little less than the width or height 
of the cards. 3 

For mounting on canvas, the canvas should 
first be stretched on a stretcher frame (similar 
to those used for oil paintings) . The prin t is 
laid face down on a glass slab and moun tan t 
applied to the back. The canvas is then laid on, 
firm contact ensured, the glass removed , and 
the print and canvas are left to dry, the canvas 
not being taken off the frame until completely 
dry. 

7IO. Burnishing. Burnishing was largely 
practised in the days of albumen papers, both 
for flattening prints which had curled through 
wet mounting and for s lightly increasing the 
gloss of the print. It is now almost abandoned, 

1 To ensure correct placing of the print o n the 
mo unt, the latter may be covered by a mask which is 
slightly larger than the print, and is held in p os ition 
by weights; o r the print may be laid face d own on a 
card the same s ize as the lnount, and cen tred correctly 
on it. The mount is t hen pressed down o n t he print, 
its edges coinciding with those of the card. 

2 If the mo unt is not liable to be injured by moisture, 
the print may be pressed into place with a damp 
sponge, at the same time removing any mOllntant frOIu 
ti,e edges . 

3 Also, if the cards on which prints are mounted are 
no t stained by water, the place on the card where the 
print is to be applied may be moistened with a wet 
sponge, 1110Ll nt ing being done whcn the card is bent. 

and, in any case, it can be used only on glossy 
or smooth papers. 

In carrying out the operation, the print is 
hot-rolled under pressure by means of a heated 
cylinder, its surface having been soaped with 
a woollen wad, rubbed over a cake of very dry 
soap (or moistened with an alcoholic solution of 
soap) , or waxed with a flannel rag rubbed over 
a piece of wax (in which is incorporated, by 
melting, a little mastic). The rolling must be 
done without jerking or stopping, otherwise 
marks will be left on the print. The operation 
is generally repeated two or three times, pressure 
being increased each time . 

7II. Dry-mounting. Dry-mounting, by means 
of adhesives with a shellac base, is suitable for 
all papers the gelatine coating of which has 
been hardened by alum, provided both print 

FIG. 186 . EDGE .MOUNTING WITH FISH-G L UE 

and mount are perfectly dry. In the case of 
rough papers, however, there is a risk of the 
grain being somewhat crushed . Gum-bichromate 
prints, even when treated with alum, do not 
usually stand dry mounting; prints in greasy 
ink, previously deprived of grease, and also 
transfer prints (after about eight days) may be 
dry-mounted without difficulty. 

For ordinary work, dry mounting is done in a 
press, the upper plate of which may be heated 
to about I75° F., as indicated by the thermo
meterl Presses of " swan-neck" pattern, which 
permit of the insertion of prints and mounts of 
any size, are preferable to presses with two 
uprights of the copying-press type, permitting 
the mounting of large prints being done in 
several stages' 

1 The thermometers fitted on dry mounting presses 
should be capable of withstand ing a very much higher 
temperature than that normally required, as otherwise 
they u sually burst the firs t time they a re used. 

2; It is convenient to set up the press so that its 
lower table is prolonged by shel ves. fixed or m ovable, 
particularly when it is wished to mOllnt prints of large 
size in several stages. The whce l may be bOllnd with 
cloth to prevent blisters o n t he hands. 

The ·vertical slides must be lubricated with a little 
graphite, greasy substan ces being avoided on account 
of the risk of sp ot s A very little of a gr ease with a 
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For occasional work, special irons may be 
used, similar t o laundry irons, heat ed internally 
by gas or electricity and fitted with a thermo
meter; or, again, ordina ry fl a t irons (preferably 
those termed" glazing irons " ) may be employed. 
To avoid overheating of these irons they should 
be heated by plunging them in to a basin of 
boiling water; otherwise, to make sure that the 
iron is not so hot as to scorch the prints, a 
piece of white paper should be pressed against 
it. These devices, however, are poor apologies 
for a proper dry-mounting press of solid build. 

Moun ting comprises several successive opera
tions: (I) fixing of the adhesive tissue to the 
print to be mounted; (2) trimming of these two 
together; (3) fixing the adhesive ti ssue to the 
mount; and (4) heating the wh ole under pres
sure, in order to unite finally the adhesive t o the 
two surfaces between which it is placed. 

Prints to be mounted must be perfectly dry, 
and the adhesive ti ssues should be kept from 
da mp. 

The attachment of the print to the adhesive 
tissue is done with an iron resembling a small 
soldering iron, usually heated in a flame of gas 
or spirit. This iron should be perfectly clean. 
It can be cleaned with fine emery cloth. The 
print is placed face down on clean blotting-paper 
a nd an adhesive ti ssue la id on it. The ti ssue is 
then touched at several points, without t oo 
much pressure, by the hot iron. 

The print a nd the ti ssue are usually trimmed 
at the same time to ensure perfect registration 
of the corresponding sides, but the cut ting tool 
should, as far as possible, be held a little 
obliquely, so that the tissue is slightly smaller 
than the print. 1 

The print and the attached adhesive tissue 
are placed on the mount, and, slightly raising 
first one edge of the prin t and then another , the 
tissue is fixed firmly to the mount by some 
touches with the fixin g iron . 

For the final fixing, the print is placed face 
up on a wooden slab, or on a zinc sheet, and 
covered with a thin zinc sheet, polished for 
high melting point shou ld be used for the screw and 
joint. The press should be dis mantled from time to 
time for cleaning. If the press is heated by gas the 
burners mu st be cleaned frequently to prevent the 
orifi ces being closed and the accum ul ation of soot. 

1 \Vi th some o bliquely cutting trimmers the t iss lI e 
t ends to be a little la rger than the prin t , and there then 
appears a shin ing edge of shellac a round the mou nted 
print. Some workers prefer to cut print and adhesive 
separately , making the latter abo ut l ~th o f an in ch 
s maller than the print; the provis ional fixatio n of t he 
tiss ue is then done after trim ming. 

glossy prints, and grained for matt prints (when 
mounting with the flat irons these zinc 
sheets are sometimes replaced by white paper).1 
Before placing the print between the zinc sheets 
proof of the absolute cleanliness of the whole 
should be made by trial on a piece of clean 
blotting-paper. 

The whole is slipped under th e hot press at 
the desired t emperature (usually 155 0 F. for 
P.O.P. prints and all prints on thin paper, 
1750 F . for thick papers), and pressure is main
tained for 4 - 10 seconds according to the thick
ness of the paper, when the zinc sheets are taken 
from the press and the print removed. 

As soon as a print taken from the press begin s 
to curl it should be bent in th e opposite way while 
cooling. 

712. Failures in Dry-mounting. The ch ief 
fa ilures which occur in dry-mounting with 
adhesive tissue are as follows-

The Print Comes A way, L eaving the TisS1f.e on 
the Nlount. The press was too hot. (This heat 
of the press is suitable for removing a print 
previously mounted in this way. ) 

Print and Adhesive Come A way f rom the 
M Ol£nt. The press was not hot enough . 

Unequal Adherence, in Vari011s Places , of the 
Print . Unequal pressure or heati ng. 

The Print Stichs to the Z inc in Contact with it. 
Either the gelatine of the print or the zinc was 
damp. 

A ilIaU Print Becomes Glossy. The press was 
t oo hot, or the print slightly damp; the remedy 
is to matt the print by friction with a pad of 
cotton charged with powdered pumice. A print 
on glossy paper which becomes more glossy in 
patches (because of unequally dist ributed mois
ture) should be waxed. 

Patches of Diffe1'ent Colour on Print-out Papers. 
Use of t oo hot a fixing iron for attaching the 
adhesive tissue to the print. 

Shiny Edging of Ti ssue R ound the Print. The 
print was not quite dry before mounting, a nd 
has shrunk on drying in th e press ; or the ti ssue 
has been cut too large; or the print has been 
kept too long in a press which was too hot, thus 
causing the resin to flow. 

1 The order should be reversed when using a press 
in which the heated p late is the lower bed. 

Dry-moun ting nlay be done on em bossed mounts by 
the insertion o f SOIne packing so as to limit the press ure 
to a p oint between the su rface of t he print and that 
of the mo unt . 

The zinc sheet. must be cleaned with methylated 
spirit to remove traces of the adhesive ; it mu st never 
be scraped. 
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713. Preparation of Tissues. Adhesive ti ssue 
may be prepared by impregnating very thin, 
u.nsized paper (letter-copying paper) with a 
mixture of the two solutions (A) and (B) given 
below, prepared on a water bath-

A 
Mcthylated spirits 

Pale shellac • 

r Methylated spirits 

B Gum elemi . . 

Syrupy Canada balsam 

• 

• 

• 

• 

6 oz. (300 c.c.) 

4 oz. (200 grm.) 

8 oz. (400 c.c.) 

I oz. (50 grm .) 

I oz. (50 grm.) 

This mixture may also be used as a coating 
on the backs of prints (or papers used for mul
tiple mounting) , but, in order to prevent the 
alcoholic solu tion from going through the paper 
and causing patches on the face , it is necessary 
to size the prints fairly strongly with two 
coat ings of starch pas te (the second coating not 
being applied until the firs t has dried), or by a 
coating of thin gum-arabic (the perfect con
tinuity of which can be seen by its gloss when 
viewed very obliquely) . 

In the case of glazed prints, these various 
coat ings are done before the print is removed 
from the glass or ferro type sheet. 

714. Waxing and Varnishing Prints. Silver 
prin ts (i.e. photographs on P.O.P. or develop
ment papers) may be very effect ively protec ted 
against atmospheric act ion by waxing, the 
process a lso enhancing the depth of the blacks 
on mat t paper to an appreciable extent. 

The waxing solution may be prepared by 
melting paraffin-wax on a hot iron, and letting 
it run into petrol, cond ucting the operation in a 
room where there is neither fire nor flame. On 
cooling, the waxing solution will have the 
consistency of thick cream. This is spread on 
the print by circular frictional movements, 
using a fl annel pad. 

Another way to give a certain degree of depth 
to the blacks of matt prints is by trea ting them 
(by means of an a ir-brush or atomizer) with a thin 
solution of gum arabic, but this gum, unlike the 
wax, does not afford any protect ion to the print." 

1 Prints may a lso b e varn ished uniformly by us ing 
a cc ll ulo id varnish, s uffi c iently diluted by the addit ion 
of amyl acetate, o r bu tyl ace tate. to avoid a g lossy 
coatin g , eve n on matt prints . 

The s uggestio n has been made to varn ish bromide 
prin ts by means of a fatty varn ish (medium lithographic 
varni sh, fo rming the excipien t o f fatty inks). restric tin g 
the Yarn ish to the blac ks of the image. F or this t he 
Hro moil method is used , but varnishing with the b rush 
is do ne o n the image whic h has been re-developed 
before swell ing . 

These various operations should be deferred 
until after spotting (§ 720) and retouching (§ 721), 
whenever such work is called for. 

Imitation enamels, used especially in inferior 
jewellery , are made from a ph otographic print 
(mounted on card) which is covered with suc
cessive layers of a transparent varnish . The 
colourless cellulose varnishes used in various 
trades (coach building, the leather trade, etc .) 
can be advantageously employed. These var
nishes must be spread by means of sprayers, 
similar t o the air-brushes used for retouching but 
larger, and constructed for use of a ir at higher 
pressure. 

715. Embossing Prints. A t the time when 
photographic portraits were almost invariably 
printed on albumen paper and then enamelled, 
it was usual t o emboss them (to convex shape) 
in a special press before attach ing them to the 
mounts. This practice, fortunately , has been 
abandoned, but another method, almost as 
objec tionable, has been introduced of late years, 
viz., plate-marking, as customarily done with 
copperpla te prints made on hand-presses. This 
practice is, in some measure, justifiable for oil 
or Bromoil transfer prints, which somewhat 
resemble etchings (the admission committees of 
some exh ibitions are taken in by them i), but 
there is very little to be said for it in the case 
of prints obt ained by other meth ods. 

Numerous contrivances have been devised 
Lor obtaining this plate-mark, either after 
mounting or even during dry-mounting, viz., 
rectangles with sharp or rounded corners, 
circles, ovals, and their counterparts, in zinc 
or card board. 

The same result may be obtained, without 
any special t ools, as follows : On an illuminated 
table (s tout ground glass laid on a box containing 
several elec tric lamps) is placed a card or mask 
of ou tside d imensions eq ual to those of the 
plate-mark desired ; the cut-out part corresponds 
with the dimensions of the picture. Owing to 
the translucency of the support it is easy to 
register the print correctly on this card. 1 The 
plate-mark effect is then given by passing a 
burnishing tool, e.g . the handle of an old tooth
brush, along the card so as to press out the 
print (or mount) until it t ouches the supporting 
surface. 

1 In the case o f a photograph on a n opaquc mount, 
the rcg istratio n o f the card is done with the print placed 
face upwards , a fte rwards turning over the prin t and 
the carel o n to a sheet o f g lass or zi nc, with avoidance 
of any slippi ng . 
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In passing, mention may be made of the 
various attempts (C. Pietzner, 1898, and others) 
to introduce photographs embossed by pressure 
between a relief of the subj ect a nd its counter
part. Such embossing is done a fter the photo
graph has been attached to stout paper ; the 
hollows a re then filled with a plas t ic material 
before mounting the so-called" medallion" on 
card. 1 

716. Outline Photographs on W ood. Full
length photographs, mounted on ply-wood , then 
cut out a nd attached to a small wooden base, 
have met with a certain amount of success of 
late years under the name of "photographic 
statuettes. " 

The prints are secured to the th in ply-wood 
(about * in. ) with a st rong adhesive, and the 
cutting-ou t done with a fret -saw, following the 
outlines of the figure. The wood is held oblique ly 
to the plane of the saw, so that the cut makes a 
slightly acute b evel, the under-surface being 
thus slightly smaller than the upper. The cut 
is smoo thed with a fin e file, the bevelled edge 
and the back surface a re blackened with a matt 
black varnish, and the cut-out is mounted in 
a groove cut in a small wood base , which is 
painted to harmonize with the tone of the print. 

717. Combination Photographs. Sometimes it 
may be necessary to combine different prints, 
or pa rts taken from several prints, so as to give 
the effec t of a single photograph. Such is part i
cula rly the case with combinat ions of photo
graphs forming a panorama 2 or with vertical 
aer ia l photographs, 3 for making a map which is 
by no means accurate but is full of detail. Such 
is a lso the case with trick photographs for illus
trated papers (heads of known persons substi
tuted for heads of figures taking part in a n event, 

1 Im ages with the appearance of relie f can be 
obta ined by copying by proj ection a negative a nd 
posit ive of the same subj ect superposed in imperfect 
regi ster. 

2 The s uccess ive parts o f a photog rap hi c panora ma 
on flat sens itive plates canno t be exact ly jo ined , si nce 
a pl ane pe rspect ive does not co rrespond with a cylin
drical perspective (§ 32). Ma ny makers of panorama 
pho tographs, there fore , abandon all a tte mpts at regis
t ration, a nd arrange the success ive views (cut to t he 
same d imensions. and made so tha t two adjo ining cuts 
correspond to the same point o n the horizon or on the 
ba.ckgro und) at a fractio n o f an in ch from each o ther. 
In th is case it is us ua lly preferable that the views appcar 
o n a dark ground, which may, in turn , bc attached to a 
lightcr mo unt. 

3 The tcrm vert ical aerial photographs is used in refer
ence to pho tographs taken w ith a ca.me ra with vert ical 
axis. Such photog raphs, if they arc takcn high enough 
above leve l grou nd, approximate closely to a map. 

or a scene created by in troducing portraits of 
persons into the photograph of a landscape or 
building, the respective reproductions being 
made on scales in accordance with the per
spective) . These are completed, after combi na
tion, by laborious retouching for the purpose of 
masking the imperfec tions of the work. 

We shall not consider more than the two firs t 
cases cited. At the outse t, it is to be noted that 
photographs for combination should always have 
the same degree of contras t, the same depth, 
and the same tone. Moreover, in the case of 
aerial photographs, it is essential that they shall 
be brough t to the same average scale. 

The successive parts of a panorama are gener
a lly bounded by vertical lines ; the various parts 
of a map mosaic are sometimes limited by a 
s traight edge, which may be placed in any 
manner, but more of ten by an irregular line, or 
by a natura l boundary (e.g. fields, roads, ra il
ways, etc.) . The best position of a division is 
found by looking through the two prints to be 
joined, superposing t hem on a glass brightly 
ligh ted from below, protec t ing oneself by 
opaque paper from the surrounding light. The 
quality of the two prin ts not being always equal 
in the region common to both, it is well to use 
as little as possible of the one which is less 
satisfactory in this respect. 

718. In mounting composite panoram as, th e 
various methods described below may be used. 

After the prin ts have been trimmed along 
their vertical edges to fit as well as possible, they 
are placed side by side on an illuminated table 
or against a window, and register lines drawn 
from one print on to the other. The prints are 
then placed in a d ish of water, a llowed to expand, 
and then assembled on collodi on-coated glass, 
according to the method used in glazi ng (§ 614), 
the registe r marks being correc tly aligned. Any 
required adjustments can be made through the 
glass. Before the prin ts a re quite dry they are 
backed with stout paper, wetted until they have 
expanded to t he full, and then mounted with 
a st iff paste. The contrac tion of the backing 
paper in drying coun te racts the tendency of the 
individual prints to separate. After the whole 
is completely dry , it is detached from the glass , 
the edges a re trimmed, and it is attached to any 
suitable mount (J. N. Pearce , 1924). 

In the case of dry-mounting, the prints, 
trimmed as above, must firs t be dried with heat 
t o shrink them as much as possible. They are 
then mounted on th in paper , previously ex
panded by moistenin1" in steam. The paper 
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contracts a fter mounting, and so ensures perfect 
joins between the prints. 

In either case, if it is preferred t o a llow the 
prints to overlap each other, the double thick
nesses are rendered less conspicuous by d ry
m ounting the assem bled row of print s on a thick 
but rather soft card, under heavy pressure; in 
this way the extra thicknesses are forced into 
the card, the whole becoming m ore near! y fiat. 

719. In assembling aerial photographs, the 
prelimina ry trials which have to be m ade in 
placing them ha rdly allow of exact join ing of 
prints previously cut to a common boundary. 
H ence it is necessary t o cover a part of each 
print by the adjacent prints. To avoid extra 
thi cknesses at the joins, t he trimmed p rin ts 
must be chamfered off so that the th ickness at 
the cut edges of the paper is progressively 
reduced over a distance o f about an eighth of an 
inch, leaving a layer of emulsion onl y at t he 
extreme edge. This may be done with glass
paper, after the prin ts have been trimmed t o 
the required geometrical contours. 

Prints are generally mounted on stout drawing 
paper or linen paper, on which has previously 
been traced a rough m ap of the region, d rawn 
to t he m ean scale of the photographs, this 
tracing being made by proportional enlargement 
of the map of the region. B efore fina lly fix ing 
prints in p ositi on, tri a ls are m ade with the p rints 
t emporaril y p laced in position by small lead 
weights . By ra ising the edges of t hose photo
graphs which cover the others, register lines may 
be traced on the m ap support, so as to a llow of 
the prints being replaced when they h ave been 
coated with mountant. 1 

720. Spotting. No mat ter how carefully 
printing is carried out, it is rarely that a few 
prints do not show minute white spots (shadows 
of dust on the negative or in the printer) and 
require spotting. All apparent defects in the 
negative should, of course , have been correc ted, 
the spot ting of one negative being ob viously 
quicker than that of a number of p rin ts. When 
a print is to be mounted, m ounting should 
always be done before spotting and retouching. 

Spotting is best done on an incl ined easel, 
fitt ed with brackets, on which la rge prin ts may 

1 These trials can be shortened, when the pho to
g raphs have been obtained on s uccessive rectili near 
Rights, by fi xing t he prints o f each row, by means of a 
few spots o f stro ng liquid glue (e.g. seccotine), t o two 
partially stret ched elastic bands. It is then easy t o 
adjus t the s uccess ive rows relatively to each other so 
that the errors arc eq ually d istri buted be tween the 
photographs o f each row (R. Melvill J ones, 1925). 

be rested. Sm all prints may be held a t a con
venient height by fiat springs fixed to t he easel. 

Transparent colours should be used for sp ot
ting , 1 such as Chinese ink , sepia, Ind ian red, and 
ind igo; the ligh t tints are obta ined by dilu t ion, 
not by addition of opaque white . It is necessary 
not only to m atch the tint and the depth of the 
ad joining parts of the image, b ut a lso to obtain 
approximately the same degree of gloss. This 
is done by dilu t ing the colours with water con
taining a variable p roportion of gum a rabic 
solu tion. The mixture is m ade on a white 
porcelain palette, in quantities the size of the 
head of a pin, a sm all spot being a llowed to dry 
on a piece of paper the same colour as tha t of 
the print. in order t o judge of its appearance 
before commencing work . Great ly-d ilu ted 
colours take badly on gela tine, or are difficult to 
apply , so tha t it is bes t to use the colour a lmost 
dry , with a sable ha ir-brush No. 0 or No. I, with 
the poin t t apered 2 by dragging it a long t he 
palette and t urning it between the fin gers. 
The spots in the shadows are t ouched out f1rst, 
and then, as the brush empties , t he lighter parts 
are t reated. 

The la rger white spots should be touched out, 
as required, by hatching or stippling with a 
brush or pencil , endeavouring to p roduce a 
texture similar to th at of the surrounding im age. 

Minute black spots are rem oved with a f1ne 
scraper, b ut not one of those used for negat ive 
retouching, as the la tter needs much m ore careful 
sharpen ing, and this would have t o be repeated 
a fte r working on paper. 

721. R etouching of Prints . Retouching (or 
working-up), though exceptiona l on positive 
pri nts printed by con tact, is often necessary on 
prints obtained by enlargement, on account of 
the m agn ification of small defects, which a re 
negligibl e in a direc t print, and a lso for the 
reason that retouching on the negat ive then 
becomes too apparent. Moreover , when there 
are serious defects in a negative which are 
difficult to retouch , it is oft en quicker to do the 
necessary retouching on an enlargement, from 
which a copy negative of the same size as the 
original is t hen m ade. 

Whils t retouching as practised commercially 

1 So metimes a little of the material o f the image 
itself is used, being removed w ith a littl e warm water 
fro m the trimmed-off edges. 

2 After use, wash the br ush carefully, dip it in weak 
g um arabic , shape the point between the fingers and . 
keep it so that t he poin t r et a ins its shape. T he point 
should not be shaped between the lips; this is a dan
gerous practice as many colours are poisonous. 
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is carried out chiefl y with the air-brush, at least 
for broad effects, the bes t retouching is almost 
always done with the brush and the pencil in 
dealing with small details, using soft crayon for 
clouded grounds and areas of any size . 

l(etouching is bes t done on an easel, and with 
a first -rate contac t print in view for comparison . 

Graphite pencils leave a shiny mark, a nd are 
hardly ever suitable except for semi-glossy 
prints, so that drawing pencils (of artificial lead) 
are usually used; these work softly and leave a 
deep matt black mark. Coloured crayons (sepia, 
red chalk) are also used, in addition to white 
crayons for putting in light accents. 

Powder colours, so-called " sauces, " are sold 
in a great variety of hues, especially in t ints of 
black, sepia, red chalk, and a ll the usual photo
graphic tones. T hey may be mixed for produc
tion of intermediate colours. 

Retouching is generally preceded by t reating 
the print with powdered pumice . The perfectly 
dry print is pl aced flat on a table covered with 
white paper; a little fin ely-powdered pumice, 
also absolu tely dry , is dusted on the print, and 
rubbed all over it with a pad of a bsorbent 
cotton, using intersec ting circular movements, 
so as to impart a slight bite to the whole surface 
of the print; the excess of pumice is removed 
wi th a soft brush. 

Considering portraits in particular, work is 
usually begun on the ground, with the soft chalk 
(sauce). For this, there is required a pa lette or 
saucer, viz., a chamois leather stretched on a 
light piece of wood (the edges being st uck down 
on the underside) , or simply a piece of rather 
rough cardboard. On it is mixed sma ll pinches 

B K 
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of the chalk and pumice powder, the pumice 
being added in proportion to the lightness of 
tint required. A little of this mixture is placed 
on a cotton pad; th is is levelled down on a clean 
place on the palette. The enlargement is placed 
flat, as for the preliminary friction with the 

pumice, and the colour spread wi th overlapping 
circular movements, beginning in the places 
which should have the deepest tone, and passing 
to lighter and still lighter parts, as the pad 
becomes less charged with colour. The various 
tones of the background should a lways be inter
media te between th e lightest and the deepest 
tones of the subj ec t proper. Parts on which too 
much work has been done may be cleared with 
pure pumice . White accents may be put in with 
eraser of the kind known as " plastic rubber" 
(rubber which can be kneaded in the fingers), 
but the effect is often too rough . 

After finishing the ground, the work is con
tinued by first softening crude high-lights, due 
to refl ections and the glaring whites of s tarched 
linen, using a leather stump and paper stumps 
(small stumps of coiled paper), charged with 
"sauce," but without pumice . The stump is 
prepared for use by passing it over the palette 
from side to s ide so as to charge it uni formly 
with colour of the desired depth . Pure whites 
should be very few in number and sma ll in size. 
lt should be borne in mind tha t the deepening 
of a grey causes the adj oining half-tones to 
appear lighter. 

The blacks of the picture may be lightened 
with a hard eraser (ink eraser incorporated with 
pumice) , cut to a point. 

Before any work with a brush is done, any 
chalk and pencil work must be "fixed " by 
steaming, that is, passing the print over a jet 
of steam from a kettle, so as to so ften the gela
tine slightly and cause the colour to adhere 
firmly to it. 

lt is obvious that the retouching of portrait 

H 

prints calls for a good knowledge of 
drawing and the anatomy of the face, 
subj ects that cannot be discussed 
here. 

722. Use of the Air-brush. The 
a ir-brush, one of the bes t models of 
which is shown in the accompany
ing illustra tion (Fig. 187) , is con
nected by the lower uni on (closed, 
when not in use, by the valve V) 
with a reservoir of compressed air, or 
with an a ir compressor. The colour 
is poured in the cup, through which 

passes the German silver needle N . When the 
valve V is opened by pressure on the button 
B, the compressed air escapes through the 
passage A and the s trangler G, surrounding the 
needle with a fine mist through the hollow 
stem T. 

• 
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The milled ring R acts through a slot, limiting 
the movement of the lever L , and, consequently , 
of the needle N, in the direc tion of its poin t , so 
as to obtain a continuous even jet for producing 
light uniform t ints or for drawing lines. 

The llIechanism of these instruments is very 
delicate, and one should specially avoid bending 
the needle. If the latter fails to close the hollow 
stem by coming to rest on its conical seat, the 
je t is caused to splutter. The only dismantling 
which should be done by the operator is t hat 
of the front piece C, which should be frequent ly 
cleaned. 

The colours to be used must be very fin ely 
ground and quite free from dust, any particl e 
of grit being liable to be caught in the passages. 

To clean th e a ir-brush thoroughly it is only 
necessary to blow in air under rela tively high 
pressure, after having immersed the whole front 
half in clean and, preferably, warm water. Then , 
with one finger , the orifice G is a lternately closed 
and opened, expelling the air , by the colour cup 
and then by the normal orifice . 

Pressure for the air-brush is supplied by com
pressed air, e.g. from a reservoir connected to 
a compressor which is driven by an electric 
motor provided with a manometric relay, by 
which the current is automatically switched on 
when the pressure fa lls below a certain value, 
or switched off when th e pressure exceeds a 
given maximum. Other means a re an a uto
mat ic water-pump, or a reservoir in which 
pressure is maintained by a pump worked by 
the foot of the operator. 

Use is also occasionally made of cylinders of 
compressed air, or liquefied carbon dioxide. 

The best pressure for the work of retouching 
ranges, according t o the effect desired, from 
17 to 27 lb. per sq. in. (i. e. 4 to 14 1b. per sq. in. 
above the a tmospheric pressure). R eservoirs 
connected with the various compressors gener
ally discharge compressed air under constant 
pressure, controlled as desired by a regula tor. 
We wi ll mention only, by way of example, th e 
meth od of opera tion of regul ato rs used on 
cylinders of carbon dioxide. 1 

Havi ng made certain that the needle valve 
of the cylinder of carbon dioxide is screwed 
down , unscrew the hexagonal-headed cap, and 
ad just t he uni on of the regulator in the t hread 
thus uncovered, in terposing a rubber or fibre 

1 Sec § 79 [ for the d escription of the hand regulators 
fo r compressed oxyge n, very s imilar in co nstruction, 
and for the reg ulations co ncerning cylind ers of com 
pressed gas. 

washer. Close the exit valve (or valves) of the 
regulat or and gentl y open the needle valve of 
t he cylinder. If the pressure indicated by the 
gauge is too low, turn the nut (or the key) of 
the regulator in the direction of the hands of a 
watch ; if the pressure is too great, open the 
exi t valve of the regulator , and turn the regu
lat ing button the opposite way until the required 
pressure is obtained. At once shut again the 
exit valve of the regulator and, a fter each time 
of using, close the needle valve of the cylinder. 

723. The colour driven from the poin t of the 
a ir-brush by the je t of gas under pressure forms 
a conical jet. The fa rther the instrument is 
from the paper, the greater is the surface covered 
by the jet, and the less th e intensity of the 
colour for t he same adjustment of the fl ow. 
The air-brush can give a fl at t in t only by over
la pping the trails of colour successively deposited 
on the paper, evenness being the more certainly 
obtained according as there are a la rger number 
of overlapping bands, but each, singly , of less 
depth. 

Just as in water-colour drawing, irregularities 
a re most to be feared at the moment of bringing 
the brush in contact with the pa per a nd of 
withdrawing it, so the first and last strokes with 
the air-brush are the critical moments for the 
beginner. The hand holding the instrument 
must already be moving when the finger res ts 
on the button which releases the fl ow of colour, 
and its movement should be continued a fter the 
spray has been stopped . To obtain a flat ti nt , 
it will never do to pass from one band to another 
wi thout in te rrupting the fl ow. 

When it is required to obtain a comparat ive ly 
clean edge, th is edge is, in the first place, pu t 
on wh ile holding the instrument very close to 
the paper, so as to t race almost only a line ; the 
air-brush is then drawn fa rther a nd farth er back 
according as ba nds more and more dis tant from 
the edge in quest ion are covered. 

It is impol tant that the effect. of th e air 
pressure be carefull y s tud ied, as well as the 
consistency of the colour and th e two move
ments of the regul at ing button . 

As soon as practice has been obtained in 
making uni form tints, the next step is the 
application of overlapping bands parallel to the 
outline of the drawing. 

724. The colours! for air-brush work 

1 vVhen po isonous colours are used, and especiall y 
those contai ning white lead, an etTLcic nt system o f 
venti lation mu st be provided arou nd each work place 
to prevent the particles being absorbed by the wo r}.i: c rs. 
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should be kept in closed boxes or in well-corked 
bottles. It is not necessary to mix the colours 
beforehand on a palette, the mixture being 
made and diluted in the cup of the instrument. 
Whilst in brush-work the depth of the colour 
should be carefully adjusted beforehand, there 
is no need at all for such exact regulation in 
using an air-brush. A colour of full strength 
permi ts, if need be, of obtaining of half-tints, 
but one should avoid resorting to this extreme 
measure, a continuous modelling not being 
obtainable in a light tone by spraying an intense 
black on a white ground, nor in a half-tone by 
spraying of white on a black ground. 

Moist colours in tubes, and even liquid colours, 
are to be preferred to colours in cakes, the use 
of which may cause trouble if there are any 
badly-ground particles. The homogeneity of the 
mixture may be secured in the cup by means of 
a medium-sized hog-hair brush, which serves also 
to clean the cup. 

As work done with water-colour does not pene
trate the gelatine of the image a fter the manner 
of inks or of liquid colours, corrections may be 
made with an indiarubber of med ium hardness. 

It is always possible to go over a part of the 
work already done by spraying upon it another 
colour, either lighter or darker. In fac t the 
capacity of the air-brush in the hands of a 
skilled worker is exceedingly great. 

725. Retouching of Commercial Photographs 
for Photo-mechanical Reproduction. Photo
graphs of commercial articles to be used as 
originals in the preparation of printing blocks 
for catalogues are generally worked-up with the 
air-brush. The retouching is sometimes carried 
out over the whole image ; in fact, partial re
touching involves the ri sk of making the image 
patchy. 

Such re touching is particularly necessary for 
photographs of machines, on account of the 
exaggeration in the photograph of the smallest 
surface defects, stains on the paint, oil marks, 
etc. Moreover, important details are liable to 
be lost in shadow; and machines are very fre
quently situated on a base and against a back
ground not calculated to show them at their 
best. 

The photographic print, about half as large 
again as the required reproduction, should be 
printed on glossy or semi-glossy paper, with 
somewhat exaggerated contrast. 

The air-brush a lone not being capable of gi ving 
perfectly sharp outlines, these latter are ob
tained by shields or masks, cut from an identical 

print or from tracing paper, or chosen from an 
assortment of stencils cut in thin card or celluloid 
(straight lines, angles of different sizes, ordinary 
curves, etc.). 

F or protecting very small areas, use is made of 
thin varnish (e.g. a solu tion of colophany in 
benzene, holding in suspension a coloured pow
der), which is afterwards removed with a wad 
of cotton-wool impregnated with benzene, the 
colour contained in the varnish being removed 
at the same time. 

For prints of black tone it is usual to employ 
a mixture of ivory black and permanent white; 
avoid the use of body colour with a white-lead 
base , which very quickly turns yellow. 1 

The colours having been applied, joins req uire 
to be made with a brush to remedy the irregu
larities of out line, or to put in any black or 
white lines, or high-light accents; furth er correc
tions may need to be made with a rubber erase r. 

726. Sketch Photographs and Photo-etchings. 
Under the name of sketch photographs are 
included portraits on a white background, 
generally obtained by enlargement on paper 
with wide margins, in which the photographic 
image is printed very light and is worked-up by 
hatching with a pencil (or pen), which tends to 
give it the appearance of an engraving. This 
work is usually confined t o the shadows 
on the face, to the clothing, and to the drawing 
of a background, lightly sketched in afterwards. 

So-called" photo-etchings " diffe r from sketch 
portraits chiefly in the much greater subjugati on 
of the photographic image, the face itself being 
completely re-drawn in pencil. 

While expert artists may thus produce 
pleasing results, it is easy, when such work is 
done without sufficient knowledge of drawing, 
to ge t effects greatly inferior to a good direct 
print worked-up in a straightforward man ner. 

From a technical point of view, the only item 
of importance is that of obtaining a pure white 
ground in the print. This is done a t the sitting 
by specially strong lighting of a uniform white 
background, slightly inclined towards the light, 
or afterwards by working-up the negati ve or 
by local reduction of the prints. 

727. Coloured Photographs. Costume photo
graphs, decorative effects, used for adver
tisement purposes, as well as certain record 

1 Certain body whites reprod uce as morc or less 
deep greys when pho tographed o n wet collodion with 
a source of light rich in ul tra-violet; some preliminary 
trials shou ld be made with various brands before finally 
ad opting one (W. J. Smith, 1905). 
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photographs (flowers, etc.), a re often much more 
convincing if coloured, even though very sligh tly . 
Colouring is generally done with water-colours, 
using transparent colours, or with dyes. Such 
colouring requires a ligh t prin t from a pan
chromatic negative ; a transparent colour ob
viously cannot show orange or red if applied 
to black sil ver deposit in t he print. 

Apa rt from this specia l application, public 
taste for colour, even in its crudest form, has 
induced portra it photographers to offer to t heir 
C'Jstomers coloured photographs which, some
times, a re very fa r removed from works of a rt. 
H owever, specialists in such work may plead 
extenuating circumstances, e.g. severe competi
tion in prices, or t he absence of any data relating 
to ihe s itter beyond a mere sketch indicating 
more or less the colour of hair, eyes, etc. F or 
these descript ions of colouring use is made of 
pastel a nd its variants, water-colour (in wash 
or with an a ir-brush) and oil-colours. 1 

Finally, in F rance, there are "travel sou
venirs," made by colouring the back of a photo
graphic print, the face of which is laid down on 
a flat or con vex glass, and the print then 
rendered translucent with oil varnish . 2 These 
crystolw1ns were at one time quite a vogue in 
E ngla nd. 

As a general rule, colouring must be done in 
day light; when work of this kind is done in 
a rti fi cia l light it is necessary to use exclusively 
incandescent lamps in blui sh bulbs, or a bluish 
fi lter, affording a light corresponding closely 
with daylight. 

728. Colouring with Dyes. Prints of a purely 
record character are best printed on glossy 
paper. F ixing should be done in an acid bath 
with n o alum in it , otherwise the gelatine will 
refuse to take the colour in places. To facilitate 
the penetration of the colours, the print, before 
co louring, may advantageously be immersed 
for a few minutes in a I per cent solution of 
ammonia , being afterwards rinsed and dried. 

1 \Vc shall not here co ns ider oi l paintings o n a 
pho tographic base o f se ns itized pain ters' canv as, nor 
miniatu res on photograp hic base, obtained by printing 
Oll ivory by the bitumen process o f photo-engravers. 

2 Striking effects are also obtained by backing a 
positi ve transparency, of very thin depth, or a print 
o n tran slucent paper, wi th paper on which has been 
made a rough o utline o f the subject, and which is 
a fterwards coloured in light tints. Finally, by use o f 
th e facility with which alcohol penetrates paper, it is 
possible , witho ut further preparatio ns, to co lour the 
prints on the back by means o f basic dyes (§§ 602 and 
604) used in co ncentra ted solutio ns to wh ich is added 
a suffi ciently large proportion o f alcohol. 

F or the tinting, aqueous solutions of acid dyes 
are used (§§ 602 and 606), a suitable strength 
being found by tri als on waste prints. The 
colours are applied with a brush, preferably on 
the dry print, except for flat tints, which may 
be done after damping the gela tine slightly , but 
it is then necessary to work very quickly , with 
the brush lightly charged , in order t o avoid 
spreading the colour where it is not wanted. 1 

If it is desired to glaze the photographs thus 
coloured, the colours must be fix ed in the 
gela tine, by suitable mordan t, to prevent them 
from spreading in the picture when wetted. 
This mordanting may be done, after complete 
dry ing of the tints, by five minutes ' immersion 
in the following bath-

Sodium tungs tate . 

Syrupy phosphoric acid 

H yd rochloric acid, pure, 
con centrated . 

, ,vater, t o make • 

• 

• 

• 

• 

· 90 gr . (10 gn n.) 

· 10 min . ( I c.c.) 

· 40 min . (4 c.c.) 

• 20 oz. ( 1 ,000 c.c.) 

On removal from this solution prints a re 
glazed without intermediate rinsing. 

729. Water - colouring. W ater-colours a re 
usually employed on matt prints with a white 
base, lightly printed, and at least, in the case 
of portra its sepia-t oned . After drying, the 
surface of the paper m ay with advantage be 
trea ted with pumice (§ 721). Otherwise, it is 
often necessary , in order to fac ilitate the adher
ence and uniform application of the colours, to 
treat with arti sts ' ox-gall. 

Transparent colours a re the best. Work is 
carried out on a very slightly moistened print, 
with a relat ively large brush, well-charged with 
colour, or on a dry print by spraying with an 
air-brush. 

Colours which a re unduly bright should be 
avoided, and the wh ole process should be done 
straight off, so tha t the contras ting effec ts of 
neighbouring colours may be correc tly judged. 

730. Pastel Colours. Treatment of the print 
with pumice does not a lways ensure perfect 

1 Pr0l11 dealers suppl y ing amateur photograp hers ' 
materials o ne can get colouring outfits, which usuall y 
incl ude fou r bottles. One of these contains a 2 per cent 
so lu tio n of albumen, w ith the add ition o f a small 
quantity of ammonia and an antiseptic. Th is liquid is 
firs t o f all applied" neat" al l over the print. It is also 
used for di luting the coloured l iq uids before they are 
spread over the paper. The colouring l iqu ids are 
aqueous solutio ns of acid dyes, e.g. naphthol yell ow, 
rhodamine S. or erythros ine, and carmine blue , mix
tures o f wh ich in various proportions give intermediate 
ti 11 ts. 
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adherence of the pastel properly so-called, and 
expert workers in these colours sometimes adopt 
the method of coating the print with a thin and 
warm solution of fish glue. Then, before this 
coating has dried, powdered pumice is dusted 
on with a square-mesh sieve (sieve No. 120 or 
ISO) . This coating must be perfectly even, but 
not so thick as t o mask details of the image . 
The print having been dried, any non-adherent 
pumice is carefully brushed off. The process is 
unnecessary when colouring is done with soft 
chalks mixed with powdered pumice (§ 721). 

As a rule, soft pastels are used for the back
ground, and semi-hard pastels for the face ; the 
colour, a lways somewhat opaque, partially 
covers the image, so tha t pastel work calls for 
a more complete knowledge of drawing than 
water-colouring. 

Prints coloured in pastel must be fi xed with a 
fixative varnish applied with an air-brush. 

73I. Oil-painting and its Variations. The 
materials used, according t o circumstances, are 
transparent colours through which the photo
graphic image is visible, or opaque colours, the 
photographic image then serving merely as a 
guide to the artist . 

We will consider here only work with t rans
paren t colours. 

The starting-point , as far as possible, is a ligh t 
print on moderately rough paper. Taking of the 
colour is often facilitated by coating the gelat ine, 
a few days before applying the colours, with a 
very thin and even layer of boi led linseed oil. 
Once the work is begun, it should, preferably , 
be carried on t o a finish without interruption. 
When drying is complete, some retouching may 
be done with water-colours, so as t o avoid delay 
due to further drying. 

Prints fmished in wax colouring are preferred 
to those in oil colouring for some commercial 
work, as they dry more quickly and with a less 
glossy surface . These colours are prepared b y 
crushing the dry colours on the palette in a 
medium of white wax and res in, viz. -

Pure wh ite soap • 

Essence of lavender 

• • 

• • 

t oz. (15 grm.) 

2 oz. (60 c.c.) 

Genuine essence of terebenthine 28 oz . (840 e.c .) 

Gum elem i • • 

Virgin wax • • 

• 

• 

• 

• 

I oz . (30 grm.) 

2 oz. (60 grm.) 

The soap is dissolved in the essence of la ven
der, and the jelly thus obtained is dilu ted with 
a little of the essence of terebenthine. The 

remainder of the essence of terebenthine is used 
to dissolve the gum elemi, this solution being 
filtered . The wax is melted a t as Iowa tempera
ture as possible, and, after turning out the gas, 
the melted wax is poured into the gum solution, 
to which is fin ally added the soap jelly. 

If the surface to be treated is of large size, 
the colour is applied with a soft linen pad, any 
over-running of colour being removed with a 
rag soaked in t erebenthine ; in the case of fin e 
detail the colouring is done with a brush. 

The colouring may also be done with dry 
colours ground in a resinous medium obtained 
by dissolving, on a water bath, s per cent of 
boiled linseed oil and 5 per cent of gum dammar 
in essence of terebenthine (R. Namias , 1922) . 
After drying, the colours thus applied may be 
removed locally with an indiarubber; the 
adherence of the colours being very weak, they 
must be fixed with a fixative varnish applied 
with an air-brush. 

732. Framing Photographs. According to cir
cumstances, photographs may be framed close 
up to the moulding (§ 705), or with a visible 
mount between th e print and the frame. Much 
use is also made of mounting simply under glass, 
the print being made with extra wide margins, 
or mounted on a board much larger than itself . 
It is then simply secured to glass by means 
of a backing card and a strip of gummed paper. 

Close-up framing simply in wood is specially 
suitable for silver and carbon prints. Prints of 
black or red chalk tone go well in a frame of du ll 
gold or one of pure empire green enriched with 
a little gold. Prints of less defi ned colour are 
more suitably framed in natural or stained 
wood; only prin ts in red chalk are really suited 
t o a white frame. 

There is more latitude in the choice of a frame 
for prints with wide margins or with a large area 
of moun t round them, but the fact should not 
be lost sight of that the essential quality of a 
frame is its unobtrusiveness . A very wide 
margin usually needs a very narrow fram e, 
whilst a narrow margin often looks better in a 
relatively wide frame. 

It is a good plan to bind up the glass and the 
print, and also any backing card, with strips of 
gummed paper, so as to keep out dust and 
atmospheric agencies liable to affect the print 
in time or t o cause fading of non-permanent 
photographs. The gummed binding will be 
hidden by the frame, and need not therefore 
be perfect! y regular. 

In passe-partout framing, where the moulding 
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is replaced by a paper binding, this paper should 
be of a tint and texture appropriate t o the p rint 
and mount, avoiding imitations of costly mate
rials, which are only too often mere parodies 
of the real thing. 

Before finally fixing th e whole, the backing 
card is fi t ted wi th rings for hanging, generally 
by means of lengths of tape passed through a 
sli t in the cardboard, turned down on the inside, 
and then stuck in place wi th a piece of s tout 
paper and a touch of adhesive. 1 

An even width of paper binding on all four 

1 The rings supplied on a gumm ed base do not always 
g ive suffic ient secu rity , especially for prints of large 

• 
Sl ze . 

sides of the glass front is essential to a good 
appearance . Use may be made of the gummed 
papers specially prepared for this purpose wi th 
a crease, made by folding at a sui table distance 
from one of the edges. Wi thout the help of th is 
special binder , an even width may be attained 
by means of strips of wood , having two parallel 
stops at ad justable distances, one for the paper, 
t he other fo r the glass. It is sometimes preferrcd 
to bind with strips much wider than required, 
t he excess being cut and removed after wett ing. 
In any case care must be takcn to ensure correc t 
joints at the corners, the binding overlapping 
slightly, the end of the upper strip being cut at 
an angle of 45° . 
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SPECIAL TECHNIQUES 

CHAPTER XLV 

COPYING; RESTORATIONS TO THE VERTICAL; DEFORMATION S 

733. Copying by Contact Printing. An original 
on paper of homogeneous structure, even though 
rather thick, 1 may be copied by transmitted 
light, provided the back of the paper bears no 
imprint or note . This is often the quickest 
way of reproducing originals. It is useless, and 
often dangerous, to oil the paper (§ 481) in order 
to increase its t ranslucency, for the only advan
tage is a slight reduction of the time of exposure, 
and this is more than balanced by the time taken 
to oil the paper and then free it from the grease. 

It must be borne in mind that the contrasts 
of a n image are always considerably less when 
it is examined by transmitted instead of reflected 
light. This loss of contrast must be compensated 
for by choosing a slow emulsion capable of 
yielding a contrasty image by suitably prolonged 
development. 

These same working methods are applicable 
to the copying of the s tructure of leaves or of 
anatomical sections. 2 

734. Copying by Contact in Reflected Light. 
The possibility of copying by contact a black 
and white original (not in tones), either opaque 
or with an imprint on the back, was pointed out 
as long ago as 1839 by A. Breyer, and the method 
to be used was described by P. Yvon (1891).3 
A yellow or red filter is placed in a printing 
frame, and on it is laid the sensitive surface 
(plate , film, or paper). with the emulsion side 
towards the inside of the frame. The face of 
the original to be copied is laid on the emulsion. 
A sheet of black paper is placed over the original, 

1 F or purely record purposes, satisfacto ry copi es 
can be ob tained in this way from photographs o f ca rd 
substance (post ca rds) ; ow ing to t he great d iffusion of 
light by the base , a n imprin t o f grey colou r o n the oth er 
side does not usua ll y appear in the copy. 

2 As these sect ions arc generally moun ted between 
glass cover s lips, it is necessary, in o rd er to obtain a 
sharp image, to place them at a great dis tance fro m 
a so urce of light which is nearly a po int, o r to usc the 
beam of light t hrown by a condenser (§ 757)· 

3 Th is process is so me times attribu ted to J. I-I . 
Player (I 896) and called Playertype, altho ugh th is 
au thor only drew attention to a fact already known. 

and the printing fra me is closed and exposed to 
light for a time which has been ascertained. 1 

Under these conditions, the light coming to the 
emulsion before reaching the origina l tends to 
fog it uniformly , but a portion of the incident 
light (the greater as the light used is less active) 
passes through the sensitive coating and reaches 
the image to be copied. This light is absorbed 
by the black portions and diffused by the white 
ones, which latter return it to the sensitive 
emulsion. Very approximately it may be said 
that opposite the white areas the emulsion 
receives twice as much light as opposite the 
black ones. By using a very contrasty, non
orthochromatic emulsion2 and an energetic 
developer heavily dosed with bromide (§ 386), 
a negative is thus obtained which may not be 
perfec t, but is quite usable, especially after 
superficial reduction and vigorous in tensificat ion. 

This method was for a long time used only 
exceptional! y for preparing Ian tern slides from 
illustrations in scientific or t echnical works. It 
has acquired a certain industrial importance, 
part icularly for reprints of books, since M. 
Ullmann (1913) suggested the substitution of a 
thin layer of bichromated gelatine for the 
sensitive emulsion. By suitably regulating the 
exposure, the gela tine is rendered insoluble oppo
site the whites and remains soluble opposite the 
blacks. After washing away the soluble portions, 
the relief of colourless gelatine can be brought 
to any required density by dyeing or by the form
a tion of opaque precipita tes (Manul process) . 

735. Copying with a Camera. Although, in 
principle, copying may be undertaken with any 
camera having a sufficiently long extension, the 
adj ustment of exact parallelism between the 

1 As a g uide, i t may be sa id th at ex cellent results 
have beo n obtained by us ing the rcd-s tained gclat ines 
Gold as " no n-actinic " screens for dark-room lamps and 
the special emuls io ns so ld fo r process w ork, and giv in g 
exposures o f 30 minutes at 3 ft. from a 50 candle-power 
electric lamp (W. H . H eycl ecker, 1923). 

2 It is clearly not possible to use anti -halation coatings 
or coatings o f severa l superposed em ulsions. 
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planes of the original and of the sensitive surface 
is extremely tedious, especially if the copy 
requires t o be made to a given scale, unless 
specially built apparatus (§§ 150 to 152) is avail
able to facilitate the work. 

Some vertical enlargers (§ 762) can occasion
ally be used as copying cameras. The easel and 
the dark slide are in an horizontal plane, and the 
axis of the lens is vertical. The parallelism of 
the two conj ugate planes can then be tested very 
simply by means of a spirit level. 

In the absence of a permanent installation , it 
is always possible to make such arrangements 
as obviate the necessity for the repeated adjust
ments otherwise needed on each occasion. It 
is, for instance, possible to rig up a simpl ified 
copying bench by mounting the camera on a 
stool which can be slid along grooves or rails 
placed on a table, marks being drawn that 
permit of the table being always brought to 
the same position as regards the easel fixed 
permanently to a wall, and of the camera being 
always replaced in the same position on its stool. 

If there is insufficient room to use the lens 
with its axis horizontal, a worker with any 
manual skill could easily arrange for the camera 
to move in vertical slides, the original to be 
copied being placed directly on the floor. 

736. The simplest way of ascertaining the 
parallelism of the p lanes of the easel and of the 
focussing screen (assumed to occupy the same 
position as will be occupied by the sensitive 
surface) when these planes are not horizontal 
consists in obtaining a mirror (surface-silvered 
glass; or one surface of a sheet of glass may be 
coated with black varnish; or a sheet of tinfoil 
may be stuck at its centre) of such size that it 
can be exchanged for the focussing screen. 1 

First fix this mirror to the easel facing the 
camera. R emove the lens board, and, turning 
back the frame of the focussing screen, go behind 
the camera and, looking through it, sight the 
mirror with a rudimentary sighter (a sight can 
be taken along one edge of a flat ruler) fitted on 
an easily m ovable support such as a tripod 
stand, head-res t, etc. , so that the image of the 
sight-line reflected by the mirror forms an exact 
prolongation of the sight-line itself. The sighter 
being then left undisturbed and fixed, the mirror 
is put in the place of the rear surface of the 
focussing screen with its reflec ting face turned 
to the back of the camera. If the mirror is in 

1 If a n assis tant is available, the mirror can be mu ch 
smaller, for the assistant can hold it against the focus
sing screen when the observation is made. 

a plane parallel with the easel the coincidence 
of the line of sight and of its image will still be 
seen. If this be not the case, the adjustment of 
the camera or of the easel must be modified 
unti l the sight-line coincides with its image in 
the two positions given t o the mirror 1 

737. Factors Affecting the Sharpness of Copies. 
A copy is perfect only if absolutely sharp and 
if the thicknesses of the lines are reproduced on 
the same scale as for the entire image. 2 In the 
copy of a pen-and-ink drawing, for instance, if 
the lines are thickened by a few hundredths of 
a millimetre only, the effect is considerably 
heavier; on the other hand, if the lines are finer 
the drawing loses all strength. 

It is necessary to remember that stopping 
down the lens excessively may impair the 
sharpness instead of improving it (§ 53). The 
better the quality of the lens, the larger the 
aperture which it is best to use . Aper tures of 
diameters smaller than one-fiftieth of the exten
sion should be avoided. 

An original that is not perfectly dry when it 
is placed on the easel may shrink progressively 
under the effec t of the heat of the lamps, and 
the sharpness may suffer in consequence . On 
the other hand, the heating of the layer of air 
between the lens and the original, if the lamps 
are too near the latter, may cause currents 
similar to those that are seen when sighting 
objects behind a flame (F. Dogilbert, 1909). 

Vibrations of the floor may render it impos
sible t o obtain a sharp image (§ 152). It is at 
least advisable to avoid walking around the 
camera during the exposure, and particular 
care must be taken not to knock against it, even 
if it is suspended. 

The model must always be placed before a 
black background covering the whole of the 
field embraced by the lens, so as to decrease the 
risk of fog and the weakening of contrasts by 
successive reflections between the components 
of the lens (§ 57), and diffusion by the interior 
surfaces of the camera . 

738. Choice of Sensitive Material. An increase 
1 F o r the adj ustments of the high ord er o f precision 

req uired in a camera for copying maps. and of its various 
accessories (prism, mi rror), it is necessary to employ 
the methods described by E. D evill e , Su rveyor-General 
of Canada (B. J. Phot., Vol. 59, Dec. 13, 20, and 27 , 
19 12) . 

2 To thicken the lines in a very small scale copy 
frorll the negative of a document, it has been suggested 
that a glass strip wit h parallel surfaces be turned in 
front of the lens around the optical axis, the strip 
being the I110re inclined on the axis the greater the 
desired thickening of the lines (Schlotzer, 1933). 
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of contrast a lways increases the sharpness of 
the images by merging in the white of the paper 
an y unsharpness resulting from the various 
circumstances mentioned above. Originals which 
include only b lack and white (printed matter, 
wood engra vings, lithographs, geometrical draw
ings, pen-and-ink drawings) will therefore be 
photographed preferably on the special emul
sions for process work. Originals in black on a 
tinted or stained ground, or those in colours 
(architect's or engineer's blue-prints, etc .) will 
be reproduced by means of process panchromatic 
emulsions with the aid of suitable colour fi lters 
(§ 222). 

In the case of fu ll-tone originals (and among 
these we must include pencil or cbarcoal draw
ings and copperplate engravings, of which the 
lines are of unequal strength ) slow emulsions 
will be required with a very fine grain, or lantern 
plates, but not the special emulsions of very 
great contrast which can reproduce correctly 
only a very short scale, even if development is 
not forced. 

Warm-tone photographs (P.O .P. prints, red 
or sepia-toned bromides) are nearly always 
falsified by copying with non-colour-sensitive 
emulsions, the darker t ones tending to merge 
into the deepest shadows . All difiiculty will be 
avoided by using an orthochromatic emulsion 
with a deep yellow filter, or, preferably, a pan
chromatic emulsion with a med ium yellow fi lter. 
These same means are suitable for copying black
tone prints on chamois or " antiq ue" tinted paper. 

739. Photography of Originals on an Opaque 
Base. The grain of the paper can gcncra1.iy be 
subdued by greatly-diffused illuminat ion , sligb t 
departure from sharp focus, and somewhat 
ample exposure. 

The texture of the paper is empbasized cbiefly 
by the refl ect ion of light on the convexity of 
each grG.in. Thus any means of suppressing 
these reflections results in the disappearance of 
nearly all traces of the structure of the paper, 
at the same time scratches and local abrasions 
due to rubbing arc reduced or suppressed, and 
the contrast of the image is increased. 

The most perfect means of eliminating all 
reRections consists in lighting the original by 
polarized ligh t and by suitably orientating a 
polarizing screen fit ted in iron t of the lens (§ 122a) . 

If a vertical camera is a vailG.ble, a good 
method consists in copying the original im
mersed under a few millimetres of water in an 
ordinary photographic dish with a flat bottom 
(A. L. Donnadieu, 1883) , care being of course 

taken to avoid all movements or currents of 
8.ir liable to ripple the surface of the water. 1 

Immersion also improves the reproduction of 
all photographs on matt or semi-matt papers; 
it is indeed well-known that such papers have 
a more extended scale of tones when wet than 
when dry. This method is especially necessary 
when the print is to be made on matt paper, 
as otherwise there will be a cum ulative loss of 
details and of modelling. 

In the absence of a vertical copying camera, 
it may be possible to immerse the print in a 
vertical glass tank with plane walls, but it is 
simpler to soak the print in water containing 
about 10 per cent of glycerine and to apply it 
by its face to a sheet of flawless glass, just as is 
clone when enamelling prints, or against the gela
tine surface of a plate cleared of silver bromide, 
the pressure of the squeegee then causing the 
grain of the paper to penetrate the swollen 
gelatine. 2 The glycerine prevents drying and 
the resultant risk of sticking to the glass . After 
the copy has been made, the print is well 
washed, dried, and mounted again if necessary. 

The use of infra-red, which is reRected in very 
ciifferent proportions by metallic silver and by 
its amalgam, has permitted very contrasty 
copies to be made of Daguerreotypes, which 
gave only very poor results with an ordinary 
emulsion (B. Svenonius, 1934). 

740. Lighting of Originals to be Copied by 
Transmitted Light. In the copying of trans
paren t originals3 on an enlarged or reduced 
scale the requisite uniform illumination is 
afforded by a diffusing surface such as an un
creased sheet of white paper, tbe front surface 
of which is illuminated according to the rules 
already stated (§ 295), a sheet of thin opal glass, 
or by a series of sheets of ground glass illumin
ated from behind (§ 761), by means, for instance, 
of tubular elect ric lamps parallel with each other, 
or, if the surface to be illuminated is not great, 
by a single mercury tube of M-shape. 

1 I mmersion , preferably in a tank with vertical sides 
like an aq uarium, avoids the reflections which are always 
t roublesome in the photography of mcdals, jewellery, 
gold and silverware, etc., the photograph being taken 
vertically or horizontally according to the nature of 
the articles. 

2 It is often sufficient t o grease slightly with paraffin 
oil the image side of the print, which after copying is 
wiped and then de-greased with benzine or carbon 
tctrac111oricle. 

3 A photographic print with excessive contrasts can 
sometimes be improved by copying if illuminated 
partly by reflected and p artly by transmitted light, 
the contrasts being reduced according as the lighting 
by transmitted light preponderates. 
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In all cases where the photographer is sat isfied 
with daylight, in spite of its fluctuations, the 
ent ire apparatus (camera and easel) is directed 
towards the sky, or at least t owards a window, 
outside which a mirror or d iffusing screen of 
adeq uate size su ppl ies the necessary il lumination. 

Unless a triple-body camera specially adapted 
for copying is used (§ IS3), it is a t least necessary 
to cut out the major part of the light reflected 
on t he front surface of the original illuminated 
by transmi t ted light; otherwise the copy will 
be badly fogged or covered wi th refl ec tions . It 
is sufficient to have a ' tunnel of black fabric 
enclosing four sliding rods (o r four cords) passing 
from the adapter frame (serving as the object
carrier when copying a transparency) to the 
front of the camera; complete light-tightness is 
not necessary. 

741. Expert Photographic Examination of 
Documents. The expert photographic examina
tions of documen ts may be classed in two 
groups 

(a) The comparison of handwritings or of type
written matter. 

(b) Investigation of forgeries, erasures of vari
ous kinds, and overwriting. 

In work of the first group ph otography is 
used only t o ma ke a permanent record of the 
conditions revealed by examination of the 
documents by means of lenses of high magni
fying power, and the photographic work is 
usua lly directed by the expert entrusted with 
the examinations. The originals to be compared 
must be copied under identical conditions with 
extreme sharpness, and enlarged t o the same 
scale, so as to show the hesitancies of a forger 
in imitating a handwriting, or the ind ividual 
defects of the type-letters which may differ
tiate typewriters of the same ma ke 1 

The photographer plays a more ac tive role 
in work of the second class, which often allows 
of the' detection of differences which it is im
possible t o observe visua lly . The document is 
photographed with a n enlargement of six to ten 
times linear, if possible with a lens of short focal 
lengt h. 

Erasures are brought out by using a 
light ing which just grazes the surface, or by 
means of transmi tted light. 2 

1 ]7or photograp h ing viole t and r ed typescripts, a 
gree n ligh t-filter (such as is lIsed for trichromatic 
selec tion) must be used in conj unction with a pan
chromatic emuls ion. 

2 Erased text s can sometimes be photographed by 

The sligh t traces of yellow remaining after 
chemical erasure of writing can be accentu
a ted by photographing with an ordinary (non
colour-sensitive) emulsion, 
or, better still, by wet
collodion , the document 
being illuminated by a ligh t 
rich in violet and ultra-violet 
rays, such as an ordinary 
mercury arc. P 
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Differences between two 
inks of the same appear
ance can sometimes be ren
dered visible by placing t he 
document for about 8 days 
in contact with a print
ou t paper, wh ich is then 
exposed uniformly to light, 
the text (or a mechanically 
or chemically erased text ) 
appearing ligh ter or darker 
than the ground. l'rG . 188. COPYI NG 

ON A ROTAT IN G 
Anot her . more general SENSITIVE SURFACE 

method for differentiating 
between inks of the same appearance consists 
in photographing the document several times, 
each negative being made with a light-filter 
of differen t colour; differences of composition 
are then oft en revealed by differences in the 
depth of the lines. 

Finally, photo-micrographs of low magnifica
tion ( x 20 approxima tely) , either single views 
or stereoscopic views, sometimes permit of 
ascertaining in which order two lines that cross 
have been drawn, and thus of detecting addi
tions made after the writ ing of the main text. 

742. Copying a Plane or Cylindrical Surface 
in Successive Strips. It has been suggested th at 
when copying at one sitting originals of which 

. one dimension exceeds that of the largest use ful 
dimension of the camera, the copy should be 
made by moving both the original and the 
sensitive surface at uniform speeds correctly 
proport ioned (c. A. Bruere, 1923). 

Let us suppose (Fig . 188) that the lens 0 

the method used fo r d ecipheri ng pa limpsest s (old 
parch ments written on again after re moval of the 
original w ri ting by scrapin g or ru bbing with pumice) . 
The origin a l is " lighted " with u ltra -violet light (rays 
from a mercu ry arc in a quartz bulb) filtered through 
a black nickel oxide glass (Wood's glass). The paper 
becomes ft uorcscent except in the parts s t.ill impregnated 
with the iron salts of the ink, and may then be ph oto
graphed through a fi lter a bsorbin g the u ltra-violet 
(R. K oegel, 1914). for instance, a solution of sodiu m 
nitrite in a trough with glass sides. 
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proj ects on to a sensitive surface p the sharp 
image of the plane P, both perpendicular to 
the optical axis, and that these two planes move 
relatively to each other at such speeds that when 
the point B has reached the point A at present 
on the optical axis, the point b of the sensitive 
surface which was receiving its image will itself 
have replaced, on the optical axis, the point a 
(image of A). Under these conditions (ratio of 
speeds equal to the scale of reproduction) each 
point of the image will remain in invariable 
position on the sensitive surface during the whole 
of its displacement in the field of the lens. 

The sensitive surface may be wound round a 
cylinder c turning at the same peripheric speed, 
on the one condition that an opaque shield E 
pierced with a slit F parallel to the axis of the 
cylinder must be used to cover the portions of 
the cylinder other than those practically merged 
in the tangential plane p. 

Under the same conditions and with the same 
proviso, the flat original P could be replaced by 
the cylinder C with a peripheric speed equal 
to the speed of the plane P. This arrangement 
has been especially used in photographing 
metal conduits subjected to erosion tests in 
various soils (R. Davis, I925). 

The interior walls of a cylinder (rifle barrel) 
have been photographed by displacing, following 
the axis of the said cylinder, a periscopic device 
forming a same-size image of a fraction of the 
surface on a photographic fi lm moved, in a 
suitable direction, at a speed equal to that of 
the periscope. If, for instance, the image 
includes I /6th of the circumference, it will suffice 
to repeat the operation 6 times (each time after 
rotating the prism of the periscope I /6th of a 
complete revolution) in order to obtain the 
entire image (1. C. Gardner and F. A. Case, 
I926). 

Finally, a same-size copy of an original of 
large size may be obtained on a fixed plate by 
using a lens of very short focal length; the 
original is recorded by successive parallel dis
placements, the lens being placed between two 
Porro prisms of the t ype used in prismatic 
binoculars (L. Lumiere, I920) . Such an arrange
ment would involve considerable mechanical 
complications. 

743. Restoration to the Vertical of Photo
graphs Taken on an Inclined Plate. A photo
graph taken on an oblique (tilted) plate or film 
may be transformed into an image identical 
(except for the scale) with the one which would 
have been obtained on a vertical plate (archi-
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tectural photographs) or on an horizontal plate 
(aerial photographs for map making). The 
problem of this rectification of a dist orted image 
was studied especially by C. Welborne Piper, 
de Romance, and T. Scheimpflug in I 898, and 
by L. P. Clerc and by G. Labussiere (I9I7). 

For this rectification, use is made of the 
formation of a sharp image of a plane placed 
obliquely on the axis of the copying lens 1 

already studied in § 64. Besides the stated 
conditions for obtaining a sharp image or for 
throwing back t o infinity the vanishing point 
of the vertical lines (or the vanishing points of 
the horizontal lines), there is a further condition 
to be satisfied, in the absence of which the 
rect ified image is not similar to the normal 
image, but is a " squat" or drawn out trans
formation 2 of it. (It may be added that care 
is not always taken to fulfil this condition in 
rectifying an architectural negative; so that 
measurements made from the fin al print would 
lead to serious errors.) We will only state this 
condition without giving the proof. 3 

The intersect ion of the plane of the negative 
with the vertical plane or with the horizontal 
plane, hereafter defined, must be at a distance 
from the entrance node of the rectifying (copy
ing) lens equal to the dista nce a t which it was 
(at the time the view was taken) from the exit 
node of the lens taking the view. The vertical 
plane mentioned is the plane formed (at the 
time the view was taken) by an horizontal, per
pendicular to the optical axis, containing the 
exit node (in the case of rectification on a vertical 
plane ; this intersection is the horizon tal of the 
negative containing the vanishing point of the 
vertical lines) . The horizon tal plane mentioned 
is the plane led by the said exit node (in 
the case of rec tification on an horizontal plane; 
this intersection is identical with the horizon 
line) . 

1 If need be, the slightly convergent vertical lines 
of a photograph taken with a tilted camera can be 
brought back into parallelism by presenting obliquely 
to the axis of the copying lens either only the negative 
to b e copied or only the sens itive plate on which the 
copy is to be made, the lens bein g stopped down until 
the requisite depth of field or depth of focus is obtained, 
but the image thus prod uced is usually not identical 
with the one that would have been obtained direct 
und er n ormal conditio ns ; the v ertical lines are either 
lengthened or sho rtened relatively to the horizontal ones . 

2 By this is meant a deformation such that the image 
of a square beco mes a rectangle, one of the dimens ions 
be ing stretched or compressed. 

3 All details will be found in "Applications de la 
P hotogYaphie aerien"e, by L. P. Clerc (Paris 1920), 
Chapter XII. 
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To permit of a negative being properly cor
rec ted for distortion it is necessary to have a 
camera of which the object (transparency) 
holder and the rear body are both fitted with 
swing movements, the axes of the swings being 
parallel to each other and perpendicular to the 
optical axis. If it is desired to avoid much 
fumbling in the adjustment of the focus a fter 
usc of the swings, the axes of the swings must 
be contained in the respective planes of the 
image to be rectified and of the sensitive surface 
on which the rectified image is being made. 
The negative must be carried on a revolving 
carrier permitting its principal horizontal li ne 
to be p laced parallel to the axis of the swing. In 
order to control the scale of the rec tified image 
it is necessary that the negative holder should 
slide in its plane, so as t o satisfy the condi
tion of non-deformation. 1 Finally, to make 
the rectification possible, it is necessary to 
use a lens with a focal length much shorter 
than that of the lens with which the view was 
t aken. 

744. A particularly simple case is that where 
the planes of the negative and of the sensitive 
surface cut the optical axis of the lens used for 
rect ification at t he symmetrical points (§§ 61 
a nd 62) . In this case the angles at which it is 
necessary to swing the conjugate planes are 
equal. If, fur thermore, the rec tification is done 
with the same lens as used for the view, the 
angle formed by the two conjugate planes with 
the normal planes at the optical axis is exactly 
equal t o the angle formed by the lens axis (when 
the view was taken) with a horizontal plane 
(rectification on a vertical plane) or with the 
vertical (rectification on a horizontal plane) . 2 

745. Various arrangements have been made 
or sugges ted to ensure the automa tic linkage of 
the swing movements of the two conj ugate 
points. We will describe only the rectifying 
enlarger constructed in 1900 by J. Carpentier 
for the enlargement of negatives taken with a 
camera not fitted with rising-front movements 
and which is therefore often tilted when photo
graphing tall buildings or mon umen ts. 

A triple body camera represented in diagram-

1 Instead of this, the deccntring of the negative may 
be replaccd by that of the lens, but the adjustmcnt is 
then mo re d i fft cult . 

'All deformation will be avoided by bringing the 
principal point of the negative to a dista nce e from the 
corresponding axis of swing determined by th e eq uahon 
e = F t a n (a /2), F being the focal length of the lens a nd 
a the angle in question. 

matic form in Fig . 189 comprises a negative 
carrier AB and a dark-slide for the sensitive 
paper A'B', which swing respectively round the 
axes RR' contained in their planes of support. 
To ensure the intersection of these two planes 
in M in the plane perpendicular to the optical 
axis let fall from the optical centre of the 
objective 0, two levers QR, QR' are fixed to the 
end bodies of the camera and are pierced with 

• • 

A/ 

M 
• • . , '. . ' . 

. ' I . '. 
.. I " . '" ' . ' . 

:' I • ' " . '. 
,' I ' " . '. :' : ...... 8' 

• , , 
• • 

• -.-• 

A ••• -' ~ p 

3 • • - • 
._ .-._. _ . 

0 _ · • -. •• • • • -. 
••• 

• •• -.. 
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LINES IN ENLARG I NG 

(C:l.Tpcn tier) 

grooves following the perpendiculars at Rand 
R' to the planes AB and A ' B'. A gudgeon Q 
moves without friction in these grooves. This 
gudgeon is forced to move in a groove PQ of 
the base, perpendicular to the opt ical axis, in 
such a position that the distances OR and PR' 
are equal. 

746. In addition to the already-mentioned 
applicat ions of the method of rectifying a dis
t orted image , the same methods make it possible 
to distort systematically any image so as to 
obtain, for instance, a transparency which, when 
projected obliquely (projectors for advertising 
purposes forming on the pavement in front of a 
shop window a n image which is usually very 
distorted), will be brought back to normal 
proportions. 

In thus distorting an image and then rectifying 
it without observing the condition of non
deformation, it becomes possible at will t o draw 
out or compress one of the dimensions relatively 
t o the other in any desired proportion. 

747. Systematic Deformations. Inten tional 
deformations have been worked out at various 
times. These are either caricature deformations 
or one-way deformations (extension or compres
sion of one dimension of the model, a square 
thus becoming a rectangle) to restore to the 
same scale drawings made on non-proportional 
co-ordinates, or to adapt decorative composi-
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tions to various uses (carpets, hangings, furni
ture, labels of a given product packed in con
tainers of various shapes, etc.), or to exaggerate 
scarcely visible variations (flexions or vibrations 
of rails or mechanical parts) . 

748 . In addition to the method of working 
described in § 746, "one-way" deformations 
may be obtained by mechanical or optical means. 

For the mechanical deformation of an original 
there is used a method similar to that described 
in § 742 for reproduction without distortion. 
This principle, similar to that of the anortho
scope of Plateau (1829), has been employed by 
E. Archdeacon (1893) , and later by n.. Luther 
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FIG. I 90 . L ENS RECORDING THE CO MPLETE 

HORIZON ON A FLAT SU RFACE 

(1910), and the latter has also published a 
complete study of the possibilities afforded by 
this method . 

Let us suppose (Fig. 188) that the original P 
and the sensit ive surface p are moved at uniform 
speeds non-proportional to the ultra-nodal dis
tances GA a nd Ga. If the slit F is sufficiently 
nar row, a sharp image of P will still be obtained 
on p, but with an extension or contraction, 
according as the ratio of the speeds is greater 
or smaller than t he ratio of the ultra-nodal 
distances. 

The same result would be obtained if, leaving 
the original stationary, the focal-plane shutter 
and the sensitive surface are moved simul
taneousl y. Particular cases a re as follow : The 
sensitive surface is stationary (non-deformed 
reproduction); the sensitive surface and the 
shutter have equal speeds in the same direction 
(total compression) : or the sensitive surface 
moves at a speed twice t.hat of the shutter 
(inversion as regards right and left without 
deformation). In the other cases there may be 
extension or com pression in the direction of the 

movement, with or without inversion of the 
image as regards right and left. 

F or the optical deformation of an origi nal, 
use is made of cylindrical lenses, the employment 
of which differs according as it is wished to vary 
at will t he ratio of the two scales of image, or 
as it suffices to have one invariable enlargement 
of one of the dimensions with regard to the other. 

In the first case, there are empl oyed two con
vergent cylindrical lenses of which the axes of 
curvature are placed at right angles to one 
another (Vasl in, 1862 ; G. J. Burch, 1904), and 
of which the relative positions are caused to 
vary. 

In the second case a photographic lens is 
fitted with an afocal system formed of two 
cylindrical lenses, the front one convergent and 
the rear one divergent, of which the axes of 
curvature are parallel and of which the relat ive 
positions a re t hose of the lenses of a Gal ilean 
telescope focussed on infinity for normal sight. 
Such an arrangement has been applied to 
"panoramic" cinematography (H. Chretien, 
1927), the horizontally-compressed image being 
restored to normal proportions on the projec
tion screen bv an identical device fitted on the -
lens of the proj ec tor. 

A prism anamorphoser which is adaptable to 
an ordinary lens to elongate the image in one 
direction has been produced (R. Petit and A. de 
Grilmont , 1930) on the lines suggested long ago 
by Brewster, by forming an achromatic prism 
of which the two elements can be se t at an 
angle such as to vary the degrce of anamor
phosis. 

749. Anamorphoses. Various arrangements 
have been suggested (c. Chevalier, r 864; Man 
gin, 1877; L. Ducos du Hauron , 1895) for the 
recording on a plane a complcte circle of the 
horizon in the form of an " anamorphosis," in 
which the horizon line is figured by a circle and 
the vertical lines by the radii of this circle. F or 
this purpose" lenses" have been worked out, 
formed, as shown diagrammatically in Fig. 190, 
by a shape obtained by the rotation of a curvi 
line triangle, each of the meridian s~tions of 
this "crown" combining the properties of a 
convergent system and of a t otal-reflexion prism. 

The image of a distant point A is formed in 
a, the whole of the images being comprised in 
an annular surface and forming a perspectiv e 
similar to the distorted annular panorama views 
provided for tourists in French mountain coun
try and affording a view round the whole 
horizon, but with vertical lines on the subject 
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converted into radii. In F rance a panorama of 
this kind is known as a " table d' ori entation ." It 
is conceivable th at a similar arrangemen t can be 
used to project the complete panorama on a 
cylindrical screen concentric with the axis of 
the system. 

750. Caricature Deformations. Caricature an
amorphoses can be obtained by photographing 
a person (or a bust in alto rilievo) from a very 
close viewpoint, using a wide-angle lens of very 
short focal length or a pinhole. All the project
ing par ts are thus enlarged on a grossly exagger
a ted scale. 

A very curious process pointed out by L. Ducos 
du H auron (Transformisme photographique, 1899) 
consists in using, instead (and in the place) of a 
pinhole, a system of two fine slits differently 
arranged in two planes not parallel with each 
other (Fig. I91). 

Of the rays of light issuing from each point of 
the sub ject, the first slit admits only those which 
are quite close to the portion of plane defin ed 
by the object point in question and the slit of 
incidence. This plane cuts the slit of emergence 
in a point around which there is admitted a very 
narrow beam of rays forming an image of the 
obj ect point on the sensitive surface. Thus one, 
and one only , point of the image corresponds 
to each point of the subject , but the figure 
formed by the whole of t he image points is not 
similar t o the figure formed by the object points. 
The deformation varies with the relative position 
of t he p lanes in which the slits are placed and 
wi th the direc tion of the sli ts in these planes. 
It is, for instance, possible t o obtain a very 
great variet y of effec ts if each of the slits is 
moun ted in a tube and one tube can turn inside 
the other. 

It is obvious that this arrangement does not 
readily lend itself to direct photography on 

account of the small amount of light trans
mit ted, unless t he sli ts are replaced by cyl in
drical lenses, but it is easily used for copying 
an existing portrait. The slits a re made in the 
same manner as described for pinholes (§ 39) 
and with the same openings. 

We must finally mention, as other means for 
obtaining caricatures, the use of distorting 
mirrors (such as a sheet of polished flexible 
met al) or of prisms ; the photographing of a 
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F IG . 191. Dl STOR TED EFFECTS 
B Y T wo C ROSS ED S LITS 

(Ou Hauron) 

photographic print bent irregularly, or the 
projection of an image on a bent sheet of 
sensitized paper, 1 and finally the bizarre effects 
which can result from the partial melting of the 
gela tine of a negative warmed whilst in a wet 
state . 

1 Under these cond itions the background s, or the 
shad ows on the gro und usually have impossible shapes, 
wh ich can be easily remedied by treating the bro mide 
print as for Brame d and taking transfers (L. Teisse ire, 
1924) . 

F or quit e a different p urpose, use has been m ad e o f 
the projection of images o n a curved surface, v iz. to 
correct in a measure the im age obtain ed when photo
graphing the decorations of a v asco For this. the sensi
tive surface is s tre tched on a framework to which there 
has been given a shape di fferin g as li tt le as possibl e 
from that o f the particu la r pa rt of th e ob ject photo
g raphed, bu t w ith a surface developable on a p lane , 
cyl inder, or tr uncated co ne (G. von L ucken, 1920). It 
is also necessary to mention t he projection in suitable 
conditions, of an aerial photograph on a previo usly 
sensitized plan in relief of the corresponding land 
(Maignan , 19 18) . 



CHAPTER XL VI 

ENLARGEMENTS 

751. General. A negative is enlarged either 
directly, by projecting on to a positive sensitive 
surface an enlarged image of the negative, or 
indirectly by first making a transparency of the 
same or sligh t l y larger dimensions as the original 
negative, and then an enlarged negative from 
which the final prints are made by contact. 1 

As a rule , the direct method is chosen when 
only a limited number of enlarged copies of one 
subject are to be made on bromide paper. The 
indirect method is preferred for the production 
of a large number of identical enlargements, and 
it is the only practical one if the enlarged prints 
are required on papers of low sensitivity, such 
as carbon and platinum papers. 

An improper application of the principle of 
the inverse return of luminous rays (§ 60) has 
often led to the recommendation to employ, 
when making an enlargement, the same lens 
with which the negative was taken. It is not 
possible to expect even the correction of dis
tortion by this means, because the negative does 
not occupy the same position in relation to the 
lens that it had in the camera except when the 
enlarged image is of the same dimensions as the 
subject photographed. 

While a cinematograph picture appears suffi
ciently sharp in spite of its considerable magni
fication, it must be remembered that what is 
seen is not one image but a result of several 
images projected in succession, in which the 
clumps of silver grains do not occupy the same 
positions; also more attent ion is paid to the 
scene depicted than to the quality of the picture .2 

A photographic enlargement of about 10 X 8 in. 
1 As a curiosity, mention may be made of a method 

suggested on several occasions (C. Scolik, 1895), and 
consisting in enlarging the ,original negative by expan
sio n of the gelatine film (§ 482) without previous 
tanning. Such a method is necessarily very uncertain , 
and it should b e noted that if the negative is enlarged 
n times the d ens ities (and in consequence the contrast 
al so) are reduced in the proportion n 2 to I . 

2 To red uce the granulation in enlargements from 
cinema film it has been suggested (I{. C . D. Hickman, 
192 6) that several identical negatives of the same sub
ject be projected successively in register on the sensi
tive paper. A camera has been produced (R. Dauge, 
1927) for recording successively on the same plate 
several negatives of the same subject, these negatives 
being automatically substituted for each other in the 
enlarger. 

size from the standard cinema image of about 
f X I in., i. e. an enlargement of 10 times 1 

frequently gives altogether unsatisfactory re
sults owing to the granularity of the images, 

A well-corrected lens with which focussing 
has been done so as to obtain perfect sharpness 
such as is required in the en larging of 
scientific photographs does not usually allow a 
degree of enlargement of more than 4 times 
without the graininess of the negative appearing 
to a disturbing extent (§ 196), particularly when 
a condenser is used (§ 752). 

With a lens giving a slight difiusion (through 
incompletely correcting), or with a perfect lens 
to which a suitable difiusing device (§ 769) has 
been fitted, it is possible to obtain, especially 
when the negative is illuminated by difiused 
light, images free from granulation and quite 
sufficiently sharp when viewed from a normal 
distance, with degrees of enlargement exceed
ing 15 times and even as high as 40 times. 
The difiusion of the image then merges in to a 
homogeneous medium tone the irregular tone 
which would have been obtained if the lens 
had been able to resolve the graininess of the 
negative. The best results are obtained, without 
loss of sharpness, by the use of a lens of very 
large relative aperture, the depth of focu s of 
which is less than the thickness of the image 
layer of the negative, so that the graininess of 
the latter is no longer resolved. This method, 
which is much used for the enlargement on a 
very large scale of miniature negatives, is only 
applicable when the negative is illuminated by 
difiused light, for the use of a condenser would 
not permit of the full aperture of the lens being 
utilized (E . Goldberg, 1935). 

752. Enlarging with Condensed and Diffused 
Light, Very difierent results, particularly as 
regards the contrast of the image and the 
prominence of minute defects in the negative, 
are obtained according as the negative to be 
enlarged is illuminated by a beam of light coming 

1 The degree of enlargement is always desig nated by 
the ratio between the linear dimensions of a given 
object on the enlarged print and on the negative. It 
is sometimes said that an image enlarged, for instance, 
5 times is enlarged 5 d iameters, or that its degree of 
enlargement is 5. It will be noticed that the relation 
of the corresponding areas is then 5 X 5 = 25· 

474 
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from an artificial light-source and caused to 
converge in to the lens by an appropriate optical 
system (the condenser), or according as the 
negative is illuminated by a uniformly diffused 
light, coming, for instance, from a sheet of opal 
glass placed at some distance and illuminated 
by suitably distributed lamps. 

Other working conditions being the same, the 
contrast of the image is a lways greater in the 
print enlarged with a condenser than in a print 
enlarged by diffused light,! and at the same time 
retouching and the minute defects on the 
negative a re emphasized, owing to the increase 
in their contrast with the parts of the image 
where they appear. In an enlargement made by 
diffused light the contrast of the image is the 
same as in a contact print from the same 
negative on the same sensitive material. The 
small surface defects are not more pronounced, 
except as regards their size, than in the contact 
print. 

In a beam of directed light, the most trans
parent parts of the negative a re non-scattering, 
or scatter only slightly , and thus deviate from 
its normal path only a negligible fraction of the 
ligh t transmitted. On the other hand, the 
denses t parts are highly diffusing, and scatter in 
all directions an appreciable part of the light 
which has penetrated them. Nearly all this 
scattered light fails to reach the lens, and conse
quently the dense parts h ave an apparent 
opacity greater than their actual opacity, with 
a resultant increase of contrasts. 

In a negative illuminated by completely 
diffused light, that is a negative of which each 
point receives light at all possible angles of 
incidence, there is a balance between the ligh t 
which is travelling towards the lens before 
reaching the negative and is scattered by the 
la tter, and the ligh t which has reached the 
negative at other angles and is likewise scattered 
in the direction of the lens. 

The first study of this phen omenon was made 
by A. Callier in 1909, hence the name of Callier 

1 The variation in contrast when passing fro m 
"directed" light to diffu sed light is somewhat decreased 
w hen the lens aperture increases (H. Backstrom, 1 92 1; 

G. Boutry, 1934 ). 
One and the same negative hav ing been enlarged in 

different types of en larger, equivalent resu lts have 
been ob tained with papers of which the gradation had 
respectively as logarithm-

Directed li ght (clear bulb, condenser) . 1'1 
Opal bulb and condenser . . . 1'0 
Clear bu lb, opal diffuser . . . 0'9 
M-tube mercury vapour lamp and ground 

glass . . . . . . 0·8 

effect sometimes given t o it. This investigator 
had admitted that the densities in condensed 
light for a given negative are equal to those in 
d iffused light multiplied by a constant factor. 
Since then it has been recognized that the 
relation between these two values of density is 
considerably more complicated. l 

The various factors that reduce the scatter of 
light by the surface of the negative to be en
la rged, e.g. varnishing or immersion in a liquid, 
will also reduce the effect of superficia l defects 
(scratches, retouching, etc.) but will increase the 
contrasts of the image (C. Winther, I 922) . It 
is easy t o understand that varnishing confined 
to certain parts of the image (parts treated with 
retouching medium for subsequent retouching) 
leads to markings with well-defined outlines . 

All factors increasing the scatter of light by 
the silver deposit will obviously exaggerate the 
differences in rendering due to the two methods 
of illuminat ion. These differences are more 
particularly marked in the case of a negative 
of coarse grain than with a negative of fine grain 
emulsion . 

Enlargement with a condenser requires a new 
adjustment of the light-source for each variation 
in the scale of enlargement . To avoid these 
many adj ustments, a sheet of ground glass is 
sometimes fitted between the condenser and the 
negative to be enlarged. The ground glass is 
thus uniformly illuminated , and its scatter is 
predominantly towards the lens, this action 
being then the sole advantage of using the 
condenser. The results thus obtained differ 
little from those with uniformly diff used light. 

Finally, t he graininess of the negative image 
is very much less apparent in prints enlarged by 
diffused light than in prints enlarged with a 
condenser. It. is often found that an enlal ge
mcnt of I O times with diffused light shows less 
granulation than one of 3 times with directed 
ligh t . 2 

1 F. F. R enwick and O. Bloch (19 16) have found that 
the relation between the two densities D . in diffu sed 
light and D II in direct ed light is o f the form: log D II 
>= a log D* + b, the values a and b varying from one 
negative to another according to the em uls ion used and 
the methods of t reatment. 

vVith a negative of which the d ens ities measured in 
diffused light ranged from 0'40 to 1'90 (opacities o f 
2·5 to 80, i .e. an extreme range of 80/ 2·5 = 32) there 
was found , w ith directed light, densities of 0 '78 to 
3'53 (opacities of 6 to 3,400, i .e. an extreme range of 
3,400/6 = 570, which no sensitive surface is capable of 
record ing). 

2 The cause of these d ifferences is easy to co mprehend 
if it is borne in mind that, in enlargement with directed 
light, the image of a p oint is form ed by a narrower pencil 
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753. Negatives Best Suited for Enlarging. 
Th e graininess of a negative being always greater 
as the densit ies are higher (L. A. J ones and N. 
Deisch , 1920), it is necessary to avoid all ci rcum
stances likely to increase the dens ity of the 
image uselessly, e.g. over-exposure, fogging of 
various kinds, over-development (part icularly 
as with nearly all developers graininess in
creases much more rapidly than density) and 
all fact ors which may cause incipient reticula
tion, such as a too wa rm developer , a warm 
fi xing bath not containing a hardener, and 
prolonged washing in hot weather. If the water 
availab le is highly charged with minerals, pre
cautions must be taken to avoid any deposit of 
lime on t he negati ves. Care m ust 
a lso be t a ken t o avoid dust se ttling 
on the ncgatives while they are 
drying. 

c 

755. Apparatus for Enlarging. For many 
years the only apparatus availab le for enlarging 
were, for use wi th daylight (d iffused ligh t) , the 
t ri ple-bodied camera (§ 149) and the fixed focus 
automatic enlargers or enlarging boxes used al
most exclusively by amateurs, or, for use with 
" direc ted" light, enlarging lan terns comprising 
a lamp house, condenser, negative carrier, and, 
joined t o the la tter by a bellows, the lens board; 
the image was projected on a vert ical panel 
fixed to a wa ll or mounted on an easel. 1 

A new type of enlarger , employing diffused 
arti ficial light , was int rod uced commercially 
in 1918. In this the optical ax is is vertical, so 
as to save space in the dark-room and facilita te 

N 

The increase of contrast when S 
cnlarging with a condenser is of value 
in enabling the best use to be made 
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of correc tly-exposed and somewha t 
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under-developed pla tes. Such nega
tives are also sui ted for enlargement 
by diffused light on con t rasty papers. 

FIG. 192. I D EAL OPTIC AL SYSTEM OF CONDENSER ENLA RGER 

Negatives which have been retouched or 
negatives with small defec ts may usefully be 
varnished, or at leas t rubbed with an encaustic 
paste, being then best enlarged by diffused ligh t. 

754. Art and Enlargements. It is often said 
that a photograph becomes a rti stic by the sole 
fac t of its enla rgement. A badly-composed 
photograph gains nothi ng by enlargement , 
wh ich can ne ither rectify the sorry effects due 
to a bad choice of viewpoin t nor remedy the 
false values d ue to unskilled technique. 

On the other hand , it cannot be denied th at 
a satisfac tory photograph , or a satisfactory 
portion of a photograph including too wide a 
field, can gain enormously by enlargement, 
which by lengthening proport ionally the prin
cipal d is tance (§ 23) enables the picture to be 
viewed under more favourable condit ions (§ 27) 
and , by decreasing the often excessive sharp
ness of very small negat ives, can b ring about the 
simplificat ion necessary in a ny picture wi th 
aesthetic claims (§ 309). 

o f light rays. A black patc h ,viII therefore be produ ced 
in an area of l ight tone if a part o f this pen c il has bee n 
able to p ass be tween severa l clumps o f grain s . In 
en largement with diffused l ight, where all poss ible 
directio ns o f the incident light have united in formin g 
th e image of a point, the chances that so me light-rays 
can p ass fr eely between t he cl umps of gra ins are nearly 
the same for a ll points of the image. 

-

placing the paper in posi tion . These vertical 
enlargers have become very popular, and many 
ma kers have manufactured very different 
patterns, some of which may be llsed as copying 
cameras . 

(a) ENLARGEMENTS BY DIRECTE D LIGHT 

756. Principles of Enlargement by Directed 
Light. Let us consider a lens L (Fig. 192) 
a nd a drawing on glass N placed perpendic
ularly to the optical axis, in such a position 
t hat a sharp and enlarged image of N is cast 
by the lens on the plane P. Let us assume that 
a t C, on the other side of N, there is an achrom
atic and aplanatic convergent system, the 
optical axis of which coincides with t hat of the 
lens, and that a t S , on the optical axis common 

1 'Mention may be made of the so lar enlargers used 
in the p eriod o f w et-collodio n, and w hic h were to a 
certain degree comparable to the dark-roo m camera 
§ 150). The negat ive carrie r was fitted to an o uter wal l, 
a nd a le ns panel connected to the negative carrier by 
a bellows. The im age was projected o n to a movable 
easel t ravell ing on rails inside the dark-room . T he light 
was eith er " d irec ted" or diffused. In the former case 
a mirror, adj ustable fron1 ins ide, threw on the con
denser a beam of s unshin e whic h w as maintained 
parallel t o the optical a xis. With d iffu sed light, a mirror 
refl ected the image of the sky on to a sheet of ground 
glass. 
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to the system, there is a point source of ligh t , 
of which the image, also reduced t o a point, is 
formed at 5' at the cent re of the entrance pupil. 

Under these ideal conditions, which can never 
be comple tely realized in practice, the lens could, 
without any disadvantage, be of poor quality 
(or even absent) without affec t ing the qualities 
of the image (or shadow) projected a t P. The 
drawing N is, in fact, projected on P from the 
projection cent re 5' , as the beam issuing from 
the condenser C is assumed to be aplanatic. 
Each point of the drawing N is traversed by one 
ray only , and in particular the intensity of the 
image formed at P is entirely independent of 
the size of the stop D. In the case where the 
image 5' of the ligh t-source does not coincide 
with the centre of the entrance pupil, the sale 
effec t of a gradual closing of the stop D will be 
to intercept some of the more oblique rays , thus 
limiting the extent of the part of the plane N 
of which the image is projected a t P , but without 
affecting the intensity or the sharpness of the 
central area remaining . 

Barring very rare exceptions (reproduction of 
a line drawing perfectly free from veil), the 
negative or posit ive placed a t N is more or less 
a sca tterer of light. The whole of the light 
emerging from such a negative or positive is no 
longer directed ; a fract ion of this light is scat 
tered and therefore covers the whole aperture 
of the lens. The combination of condenser and 
lens does not therefore usually form a single 
optical system, and therefore its " optics" call 
for somewhat detailed considera tion from the 
practical standpoint. 

Ordinary condensers, made of roughly
moulded lenses, are neither achromatic nor 
aplanatic ; 1 and, moreover, the light-sources 
employed for enlargement or projection are 
never luminous poin ts . There is therefore no 
point of assembly 5' of all the rays issuing from 
the condenser, but merely a concentration of 
the beam on a surface, which is greater as the 
source of light is larger and the aberrations of 
the condenser are more considerable. 

In the conditions which prevail in practice, 
the case is intermediate between illumination 
by directed light and illumination by diffused 
light, but with a marked predominance of 
directed light. From each point of the image 

1 It may be noted that a p oor lens u sed with an 
aplanatic condenser can giv e a better image, especially 
w ith a negative or p ositive which d oes not scatter light, 
or on ly does so slightly , than a perfect lens used with 
a bad condenser. 

there emerges a cone of rays which more than 
covers the whole surface of the lens, but with an 
intensity predominating round the straight line 
joining the centre of the ent rance pupil to the 
point in quc, t ion. If t he lens i, of poor quality , 
stopping down may then improve the definition 
a little in the centre of the project ed image, 
reducing the intensity very slightly . But its 
chief effect is t o intercept the best part of the 
beams forming the image of the margins, only 
the diffused light being retained, and the conse
q uence of this is t o restrict the field which is 
uniformly illuminat ed. 

Whereas, under ideal conditions, the illumina
tion of the image would depend solely on the 
intrinsic brilliancy of the light-source used, this 
is not the case in practice. The brightness of 
the light is not the sale fact or, although its 
influence is still dominant. For instance, if an 
incandescent mantle is replaced by another of 
twice the linear size, furnishing a quadruple 
illuminating surface with a gas consumption 
eight times as great, the illumination of the 
image will not be more than doubled at the most. 
It is sometimes of advantage, from the point of 
view of the sharpness of the images, to stop 
down a light-source of large size in spite of the 
slight loss of light resulting from the elimination 
of the portions of the light farthest from the 
optical axis. 

757. Condensers. The condenser of old-time 
" magic lanterns " was a half-sphere of glass. 
The condenser has been slightly improved by 
being formed of two identical plano-convex 
lenses the poles of which are almost in contact. 1 

Occasionally condensers are used of which the 
components, named in their order, starting from 
the light-source, are a con verging meniscus 
(concave surface turned t o the light) and a bi
convex lens, or a converging meniscus (turned 
as in the preceding case) followed by the two 
plano: convex lenses of an ordinary condenser. 
As the focal length of this triple condenser can 
be shorter than that of an ordinary condenser 

1 As the p ole of a plano-convex lens is the nodal 
point for the space t owards w hich t he convexity is 
turned , it w ill be seen t hat the interstice of the combina
ti o n (§ 70) is eq ua l t o the d ist a nce be tween the p oles. 
usua lly ; 5t h in. The result ing focallcngth is therefore 
very little d ifferen t from half t he common focal length 
of t he t wo elemen ts, the nodal p oints of the com plete 
systenl d iv iding the to tal thickness of the condenser into 
about three equal pa r t s. The aberrations of such a 
co ndenser arc at t heir minimUIn when it can b e used 
symmetrically, the light-source and t he entrance p up il 
of the lens t hen occupying the focal planes of the single 
plano-convex lenses. 
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of the same diameter, the light-source can be 
brought nearer, thus utilizing a larger portion 
of the light emitted. 1 We may also mention 
the recen t development of aplanatic condensers, 
including at least one surface of non-spherical 
curvature, up to diameters of 25 in. (L. V. 
Foster, I926), and of condensers with zonal 
a berrations adjusted so as t o attenuate the 
falling off of light from the centre to the margins 
of the proj ected image (Zeiss, I 93 I ). 

Condenser lenses, being always comparatively 
thick 2 and made of glasses the transparency of 
which is not perfect, absorb an appreciable 
fraction of the rays which reach them and thus 
gradually become heated, sometimes attaining 
high temperatures with a resultant risk of 
fracture in case of sudden cooling by a current 
of air. 3 

The usual mounting of condensers, a tube in 

1 It is easy to get a clear idea of t he m agnitude of the 
aberrations o f a condenser by ex a lnining the shape o f 
the beam issuing from the condenser by arranging a 
dark background behind the beam and blowing smo ke 
into the latter. Or the beam may be cut along its 
axis by a plate o f lllatt aluminiu1l1 o n which the caustic 
(envelop e of rays o f light) appears very clearly and can 
b e photographed. This experiment enables a clear 
idea t o be ob tained of the effect of the size and position 
of the light-source. 

For a lllore exact t est of a condenser, the light-source 
is replaced by an opaque screen of the same size and 
shape as the light . This is stuck on to a diffusing screen, 
e.g. ground glass, which is illuminated as uniformly as 
p ossible. If the condenser is perfect and p erfectly 
ad justed (§ 759) t he easel will be nniformly dark when 
viewed in the ordinary way. All parts o f the easel 
which are illum inated under these conditions corre
spond to zones of less illumination in normal working 
(J. T. Beechlyn, 1922) . 

2 In c inenlatograph projection , use is made of lenses 
in " staggered " format ion (sitnilar to th ose in light
houses) which can be very much thinner, and therefore 
absorb much less l ight. Such condensers cannot be 
used in " still" projection and enlarging, as the negative 
or positive is quite close to the condenser, and the 
image of the latter would appear in the projected picture. 

3 Cases where the lens nearest to the light has melted 
have been observed with arcs of high power as used in 
cinematograph trichromatic projection. To avoid the 
various possible troubles, use has been nladc of lenses 
of quartz or fu sed silica for the element nearest the 
light. The low expansion coefficient of these substances 
renders them almost i nsusceptible to v iolent changes 
of temperature. Special glasses have also been used 
for t his purpose . Sometimes the protectio n of the 
condenser against heating by convection has been 
effected by separating it from the light by a sheet of lllica. 

The substitution of a p olished toric surface for the 
sharp edge or ground cylindrical surface that usually 
forms the edge of condenser lenses would effectively 
protec t the latter against breakages by sudden changes 
of t emperatures, which fractures generally start at a 
crack in the glass (K. Martin, 1931) . 

-- ---------------_ .. - -----_. 

which the lenses are kept at their normal separa
tion by a cylindrical sleeve and held fillIl by 
screwed rings, could very easily be improved. 
The screw threads are ridiculously fine in regard 
t o their diameter, so that putting t ogether a 
condenser after cleaning is a veritable feat of 
patience . Also, while ven tilation holes are pro
vided to allow of the expansion of air without 
interior pressure, they are more or less closed 
by the sleeve (on the lantern) into which the 
condenser is fitted, so that they do not allow 
the renewal of the air within. Various improve
ments have been devised in the construction of 
condensers , but these advances have not been 
applied. For example, segments have been cut 
ou t of the lenses permitting the free circula tion 
of air between the glasses and their mount 
(L. Turillon, I 902) ; or the screw mount has been 
replaced by a mount with elastic claws, both 
permitting the free circulation of air and sim
plifying the work of taking t o pieces and putting 
together again, 1 as well as the replacement of 
lenses, in the diameter of which there is always 
a certain la titude (G. M. Coissac, I 905). 

758. Light-sources. The first enlarging lan
terns were fitted with paraffin oil lamps with 
round burners, or, where great intensity was 
required, with arc lamps. Ligh ts of intermediate 
power subsequently came into use, particularly 
incandescent mantles 2 and acetylene burners. 
In all cases where electric curren t 3 is available 
the invariable practice to-day is to use the arc 
or an incandescent lamp of the special type 
made for proj ection . In an arc lamp run on 
cont inuous current, the region of maximum 
brilliancy is the crater hollowed at the tip of the 
positive carbon. This crater must be situated 
on the optical axis and turned towards the 
condenser. In an arc lamp run on alternating 
current the two carbons play the same role 
alternately, and as they cannot both occupy 

1 Other mountings that fac ilitate taking apart and 
putting together for periodic cleaning are those with 
hinges or with a bayonet joint. 

2 Upright mantle burners for gas (or methylated 
spirit or petrol vapour) are best fitted with an iron 
chimney with an aperture of about *ths in. diameter 
opposite the part of maxim um brightness . The inverted 
burner can be used with a mirror at 45°, reflectin g the 
light in the direction of the optical axis . 

3 In as far as electric current can be compared with 
a current of liquid, the difference in potential, measured 
in volts, represents the difference in height between 
the free su rface of a t ank and t he outlet, while the 
intensity, Ineasured in amperes, represents the flow; 
the power, measured in watts , is the product of the 
number of volts by the n umber of amperes . 

. _-------- ----- ----------

, 

• 
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the optimum position, the effi ciency is neces
sarily bad during one of the cycles, that is, 
during half the time of working. On the other 
hand , electric current is usually supplied at 
z30 volts, and the usual arcs only absorb 45 
volts. 1 While, with alternating current, there 
is the resource of lowering the voltage at will 
with a transformer without losing much power, 
there is, with continuous current, no means 
except absorbing the excess voltage in a resist
ance where the electrical energy is converted 
in to heat. 

The efficiency of the arc lamp is thus poor 
with cont inuous current (about 80 per cent of 
the energy consumed being lost in the resist
ances) , while its light effi ciency is mediocre with 
alternating current. Owing to the great im
provements made since 1917 in the manufacture 
of the incandescent lamps specially intended for 
proj ection work, they have practically sup
planted the arc everywhere, the latter being now 
used only in " still" projection lanterns and 
cinematographic projectors where very high 
luminous power is required . 

The incand.escent lamps specially designed for 
projection work differ from the ordinary lamps 
for lighting in the arrangement of th e filament, 
which is formed of several helical windings 2 

arranged parallel to each other in the same mean 
plane. There are two windings for lamps of 
IZ- I6 volts, and four for those of z5- zZ0 volts. 
For a given consumption it is more advantageous 
to choose a lamp of low voltage and large 
amperage, for the larger filament can be brought 
to a higher temperature, which enhances the 
luminous efficiency, 3 and, even more, the actinic 
efficiency. Furthermore, the helical windings ' 
can be closer without risk of arcing between 
adjacent windings. This reduces the illuminat
ing surface and thus improves the act ion of the 
condenser. Some of these lamps are made to 
work vertically, wi th the holder beneath, while 

1 Enclosed a rcs using about 90 volts , a re so called 
because o f the enclos ure o f the very long arc in a special 
glass cylinder, without which the arc w ould be blown 
o ut by the s lightest draught. The enclos ure a lso limits 
the renewal o f air and consequently the combustion 
of the carbons . These arcs arc used, particu larl y in 
England, for enlargi ng lanterns, but no arcs of th is 
type arc made in France, at least for t hi s pu rpose. 

2 Lamps for 6-volt current have onl y o ne winding; 
lamps with several windings mu st be fitted to ro tating 
holders so as to turn the luminous plane a t right angles 
to tb e opti ca l axis. 

3 While t he intrinsic brilliancy o f the fil a ment does 
no t a lways attain 100 c. p. per sq. c m. in lamps o f 11 0 

v olts , this brilliancy can ex ceed 1,000 c.p . per sq . cm. 
in la mps of low v oltage. 

others are intended for use horizontally, accord
ing to the arrangements of the lamp house, 1 

and it is essential that the lamps be used in the 
position for which they are designed. The 
normal working condition of these lamps corre
sponds to a considerable over-running of ordin
ary lamps, and their life is usually limited to 100 
hours.2 Care must be taken not t o over-run 
them farther, and it is well to have instruments 
enabling the current to be measured and 
regulated. 3 

With continuous current it is not possible, 
except with complicated arrangements or con
siderable loss of electrical energy, t o use lamps 
of a voltage different from that of the supply 
or, at any rate, of slightly lower voltage.' With 
alternating current it is best from all points of 
view to install a transformer, bringing, for in
stance, the difference of potential to zz volts 
for a zo-volt lamp in series with an adjustable 
resistance. 

F or the purpose of comparison the following 
table gives some particulars of 300-watt projec
tion lamps of a reputable make-

Consu mption 
Size of th e Bri ghtness 

incandescent in ca ndl e-
Volts in watts per grid power per 

cand le-power. m m . sq . c m. 

20 0'40 8 X 9 1 ,04 0 

35 0'40 9 X 10 830 
50 0'43 9 X II 7' 0 

100- 1 30 0' 46 13 X 15 330 

1 Lamps for proj ection w ere formerly made with 
bu lbs of large s ize. The use o f less fu s ible glasses has 
permitted smaller s izes to be adopted. The vertical 
lamps are now nearly always tubular in shape (in the 
earl y t ubu la r lamps the tube used after lo ng use w ould 
b low out at the level of the filam ent under the pressure 
of the gas inside) . 

2 In even the bes t makes it is impossible to ensure 
that the life of a ll lamps is as long as the average, 
some lasting for a much shorter t ime. 

3 A voltmeter is used for checkin g lamps of 60 v olts 
and ov er. An ampere-meter (fttted in series) is prefer
able fo r lamps of low voltage. Any increase of voltage 
sho'ws itself by an increase o f a mperage, and it is best , 
each t ime, to measure whichever of these two quantiti es 
varies the more rapidl y. 

4. Owing to the considerable variations o f v oltage at 
the different hours of the day, it is advisable, in o rder 
to keep t he lamp at a constant rate and avoid being 
led astray in estim ating exposures, to select lamps of 
100 volts for current of II O v olts, the d ifference being 
absorbed by an adj ustable resistance o r rheost at. 

A rheostat is essentia l for use with lamps of high 
inte nsity in ord er to ena ble them to be lighted gradu
a ll y (§ 292, footnote). 
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As the illuminating plane formed by the 
juxtaposition of the windings emits light from 
both its surfaces , a sphero-concave mirror 1 is 
placed behind the l amp t o prevent waste of 
light from the rear surface . This mirror is 
mounted on an adjustable support and can be 
brought into a position such that the images of 
t he windings are formed in t he space between 
two adj acent windings .2 Under these concli
tions, the light that would have been lost is 
sent back to the condenser, the whole of the 
filament and of its image thus forming an almost 
continuous luminous surface. When the re-

L 
s _._. __ .. - . '-'-'-'-'-'-'-' 

c 

It may be added tha t with incandescent 
lamps t he adjustment once made remains un
altered , whereas arc lamps, even with the usual 
automatic t ypes, require frequent adjustment . 

759. Adjusting the Position of the Light. The 
adjustment of the position of the ligh t must be 
preceded by the projection of the image t o the 
required size and in rough focus (§ 768) . After 
this preliminary adjustment has been effected , 
the negative carrier is taken out and the light 
is cent red by examining t he illuminated disc 
in the plane that will be occupied by the sensitive 
surface . 

L' 

S" 

FIG. 193 . EFFECT OF DISTANCE OF ENL ARGING L ENS FROM CON D ENSER 
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F IG. 1 9 4. EFFECT OF DECENTRI NG OF LIGHT-SOURCE FROM OPTICAL A XI S 

£lector is properly adj usted, the light-efficiency 
of the lamp is increased by 50 t o 70 per cen t. 3 

1 For some time lamps were used with a spherical 
b ulb s ilvered over a more or less large portion of its 
surface. T he optical qualit y o f such a reflec t or leaves 
much to be desired , and as these lamps were sol d at 
h igh er prices t he cost soon ex ceeded that of a n ad just
able mirror of good q ual ity. 

2 To obtain t his adjustment it su ffices to remove the 
lens or to bring it very near the co ndenser and to 
receive t he image of the filament on a sheet of white 
paper held in a suitable position by an ass istant. T he 
mirror is then set back until the reflected image is also 
sharp (the centre of the curvature of the mirror is 
t hen in the p lane of t he fi lamen t). A very slight tilting 
movement then causes the two images of the fi lament 
t o become juxtaposed. 

3 I n a properly adjusted apparat us only about I S 
per cent of t he total l ight emitted is utilized in the 
absence of a reflector. T his efficiency is increasl;:d to 
abo ut 30 per cent b y us ing a reflec t or u nder proper 
cond itions. 

If the centring is perfect, this disc will be 
uniformly illuminated. As a rule this will not 
be the case, faults in centring revealing them
selves by characteristic shadows . 

If the light-source is centred on the optical 
axis, but is at an incorrect distance from the 
condenser, the illuminated disc appears bounded 
by a darker zone which is bluish (ligh t too near 
the condenser) or reddish (light t oo far from the 
condenser ). Let us suppose (Fig. 193) that the 
condenser and the lens occupy respectively the 
positions C and L, and that the light-source 5 
is in such a position that its image 5' , produced 
by the marginal portions of the condenser, is 
formed a little in front of the lens. Then all the 
light transmitted by the condenser will be 
utilized by the lens, and the latter will produce 
on the easel a fairly sharp and uniformly illum
inated image of the condenser. Let us suppose 
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that, for an enlargement on a smaller scale, the 
lens is moved farther away from the negative 
carrier so as to occupy the position L'. It is 
obvious that we shall restore the former condi
tion by bringing the light-source 5 nearer to the 
condenser C until the image 5' is close to L '. 
If this is not done, i.e. if the light is left t oo far 
from the condenser, the marginal parts 0' of 
the disc projected on the easel are much less 
illuminated, being lighted only by the rays 
least refracted, that is, the red rays. 

If the light is not centred on the optical axis 
common to the condenser and the lens (Fig. 194), 
decentred shadows appear, reddish in the posi-

Nomi nal s ize, in . • • 2 ~~ X 2~ 3,\ X 35-
cm. • • 7 X 7 8 X 8 

D iagona l, in, • • • 4 4t 
cm. • • • 9 '9 II '3 

• • 

Diameter of the lenses, in . • 4 4t 
cm. • ro'3 II' 5 

-
Focal length • 

3>' tn. • • 3 
a pprox . cm . • • 7'5 8 

to about S in. from the condenser, that is a 
shift of 4~ in. when passing from one position 
to the other. 1 

760. Enlarging Lanterns. The usual types of 
enlarging lanterns are described in the cata
logues of the principal dealers, so that it is only 
necessary to make a few remarks and to indicate 
the cond itions to be observed in order that the 
ad j Ilstments described in the preceding para
graph shall be possible. 

According to the maximum size of the nega
t ive to be enlarged, it is preferable to use a 
condenser of the diameter shown in the following 
table'-

2t X 3t 3! X 4t 5 r\T X 7ro 71'lr X 9~ 9~ X 12 
6 '5 X 9 9 X 12 13 X 18 18 X 24 24 X 30 

4! 6 9 12 I5! 
II' I 15 22'2 30 38'4 

• 

6t 9 13 16 
16 23 32 40 

---- -
4t 7 10 12 

II '5 ' 7' 5 24'5 30 

N .B.-The convers ion of centimetres into inches is not absolu tely accurate, but is ncar enough for practi cal 
purposes. 

tion 01 or bluish in the position O2, according 
as t he lens is in the position L1 or L 2, i. e. near 
the image 51 of the source p roduced by the 
marginal rays, or near the image 5 2 of the source 
formed by the central rays. (In the fig ure the 
spherical aberration of the condenser has been 
greatly exaggerated.) 

It may therefore be said that in all cases a 
blue shadow ind icates that the light must be 
moved farther from t he condenser , whilst a 
red shadow is a sign that the light must be 
brought closer. Finally, any unsymmetrical 
form of the illumination of the disc shows that 
it is necessary to shift the light transversely in 
the direction indicated by the cen t re of the 
shadow. 

If, for instance, the condenser has a focal 
length of S in. and the negative is at 2/Sth in. 
from the plane surface (of the condenser) 
neares t to it, and the degree of enlargement is 
first 2, and then l a , in each case with a lens of 
6 in . focal length (the ultra-nodal distances from 
the negative t o the lens being 6 ; in . and 9 in., 
the ultra-nodal distances from lens t o condenser 
being about 7* in , and 10 in., with a condenser 
of a total thickness of about I~ in .), then it 
will be necessary for the light-source to be 
brought to a distance of about 9! in. and then 

3I-(T.S630) 

The lens must not be chosen of t oo short a 
focal length, especially if it is wished to enlarge 
on a large scale, for it may be then impossible 
to project the image of the light-source near t o 
the entrance pupil of the lens ; insufiicient length 
of the lamp house may make it impossible to 
move the light far enough back. Besides this, 
if the light is at a distance from the condenser 
more than twice the focal length of the latter, 
the light-rays converge on leaving the first 
glass, so that the condenser does not illuminate 
so large a circle in the plane of the negative 
which is being enlarged . On the other hand, a 
lens of t oo great a focal length renders it neces
sary to have a room of considerable length 
(§ 62) . In practice it is best to select a lens of 
which t he focal length is at least equal to that 
of the condenser and does not exceed it by more 
than 30 per cent. 

1 In order to avoid having to alter the distance of 
the light afresh for every variation in enlargement, it 
has been sugges ted that the negative sh ould be kept 
constantly in the focal plane of the enlarging lens and 
to fi t the latter with a supplementa ry lens. A different 
supplementary lens is used for each different degree of 
enlargement. If F is the foca l length of the lens, it is 
necessary for an enlargement of n times to employ a 
convergent supplemen tary lens of a focal len gth equal 
to ,,10 (A. L ocke tt, 1920). 
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It should be noted that a lens intended for 
enlarging by directed light should have an iris 
diaphragm of metal, as leaves of ebonite may be 
deformed or burned (§ 72) . 

The lamp-house should be large enough to 
accommodate modern high-power illuminating 
appara tus. It must be well vent ilated, and the 
ventila tion holes must be perfec tly light- trapped . 
The run-way of the lamp support must be long 
enough t o allow of all the variat ions in adjust
ment that may be required for various degrees 
of enlargement. Doors, with observat ion holes 
fitted with ruby glass for watch ing t he light , 
must give free access t o t he various regulating 
devices and to the condenser. A slot should be 
provided fo r a sheet of ground glass. This is 
bes t placed against the surface of the condenser 
fa rthes t from the light, and enables t he lante rn 
to be used for enlarging with diffused ligh t if 
desired . The position of this ground glass must 
be fa r enough from the negative for its structure 
not to appear in the enlargement. 

The negative carrier should slide eas ily in to 
its slot, but without play . Sometimes the nega
tive stage is movable in relation to the condenser, 
to which it is then connected by a bellows. This 
is of value in cases where it is desired to enlarge 
negatives smaller than the normal size, because 
they can be placed in a posit ion where the 
converging beam of light from t he condenser 
is of a smaller section, and thus affords a greater 
concent ration of ligh t . 1 

It is a good thing for the negative carrier t o 
be capable of being de-cent red , and it is desirable 
that the lantern should include no other part 
capable of being de-centred, a t any rate when 
the lantern is being used with directed light. 

1 It may be necessary, in order to benefit by this 
advantage, to replace the usual lens by one of shorter 
focus. T o avoid having to use another le ns t he u se has 
been s uggested of a divergent lens (e.g. plano-concave) 
between t he co ndenser a nd t he negative and close to 
t he latter , so as to shift back t he smallest section of 
the beam iss uing from t he condenser (G. Massiot , 1905). 

(b) E NLARG ING WITH DIFFUSED LIGHT 

761. Uniform Illumination with Diffused Light. 
By placing a light-source near the focus of a 
condenser we obtain uniform illumination of a 
diffuser placed on the other side of the condenser. 
While this arrangement has been actually used 
in some enla rgers working with diffused light , 
it is usual t o avoid in such cases the expense of 
a condenser, which can easily be dispensed with . 

In the absence of a condenser, means must be 
taken t o ensure the fairly even illumination of 
the diffuser employed . 1 

While, in the case of negatives of very small 
size, the light afforded by an elect ric lamp with 
an opal bulb may be considered as uniform, 
it is necessary in all other cases to use simul
taneously several lamps suitably arranged, 2 or 
to reduce the excessive transmission in the 
central par t of the diffuser. 3 

To reduce the excess of light in the part of 

1 As a r em inder we m ust Inen tion t h e use (Schm id t 
a nd H aensch , 19 13), of the Ulbricht 's integra ting 
sphere for unifor m ly illum inating the negative t o be 
enla rged, commonly used in photometr ic work . T his 
is a h ollow sph ere wi t h matt white internal walls in 
which t here is an excentred aper t ure for t he light 
and a n aperture fo r t he negative carrier wh ich is 
shielded from t he d irect rays from the lamp. 

'Very satisfactory resu lts have been obtained by 
multiplying, not the number of lamps b ut t he v irtual 
images of a s ingle lamp, by means of p la ne mirrors 
a rra nged symmet r ically around t he lamp, e.g. to t he 
number of 6 0 1' 8, fo r ming a 6-sided or 8-sided box , 
the edges of which are p laced parallel t o t he optical 
axis. (J. W . Gordon , 19 I 2.) 

3 T he table below shews the quantity of light usually 
passed b y the diffusers named. The diffusers are at a 
d i.st a n ce of abou t 4t in. from a 2oo-watt lamp. used 
WIt h or withou t a reflector (8-cm . spher ical m irror of 
s ilv ered glass). The fig ure 1 00 is taken as representin g 
the amou n t of l ight tran sm itted w ithout d iffuse r or 
reflector. T he tab le a lso shows the relative inten sity 
of t h e ill umination of tlle d iffu ser measu red at 4 cm . 
(I f. t h inch , a nd 8 em ., 3 ,t t h in. ) respectively from the 
foot of t he perpend icu la r let fall fro m t he lamp to the 
diffuser, 1 00 representing the illumination a t the foot 
of this p erpendicu la r. Where two identical d iff users 

--
. 

Wit hou t refl ector ' Vith refl ect or 
• • , • , • 

Diffusers tes t ed Tra ns- Trans-a t 4 em. at 8 em. at 4 em. at 8 cm . • • • • m ISSIon m lSSlon 

F lash op al • • • • • • 17'7 79% 43 % 54 76% 6 1% 
I ground glass • • • • • 38 '2 26% 3'5% 178 43% 4°% 

(sand-b lasted ) 
2 ground glasses 26 '1 0' 8'5% 93 47% 43 % • • • • , 39 /0 
[ tracing paper • • • • • 31'2 35% [Q % [1 2 53% 4°% 
2 tracing p apers • • • • • 20'3 62% 25 % 53 66% 55% 

• 
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the diffuser directly facing the lamp, it is possible 
to use a lamp of which the bulb is ground or 
silvered at the tip. The central area of the 
diffuser is then lighted only by diffused light.. 
When two diffusers are used, one behind the 
other, the absorption of light by the centre of 
the diffuser nearest the lamp may be consider
ably increased. F or instance, in an automatic 
enlarger (one in which the various m ovements 
are linked together) made in the United States 
to the specification of R. S. H opkins (1918) , the 
first diffuser consists of a sheet of glass of which 
only the centre is ground, with vignetted edges, 
while the second diffuser is a glass ground 
uniformly of fine grain. The same result can be 
obtained by varnishing or oiling the marginal 
areas of an ordinary ground glass and by in
creasing the central absorption by pencilling, 
or again by placing on a sheet of clear glass 
cut-outs of tracing paper, or , finally, by using as 
a " vignette" a negative obtained by exposing 
a slow plate behind a yellow filter to the light 
of the lamp, the plate during this exposure 
being placed in exactly the same positicm that 
it will occupy when enlargements are being 
made. By suitable exposure and development 
this negative will show a graduation between the 
centre and edges compensating satisfactorily 
for the inequalities in illumination. 

Whatever the method of illumination em
ployed, it is necessary to see that the diffusers 
used are of size distinctly greater than that of the 
largest negative t o be enlarged if the marginal 
areas of the image are to be satisfact orily illum
inated, even when enlarging on a relatively large 
scale, since in this case the extreme beams 
include the maximum angle of field. 

Instead of securing uniform illumination of 
the diffuser, it is often advantageous to increase 
slightly the illumination of the marginal por
tions, so as to compensate for the effect of the 
obliquity of the extreme beams (§ 54). 

762. Vertical Enlargers. The very numerous 
patterns of vertical enlargers range from com
mercial models for exact work, bui lt with a rigid 
frame of cast steel resting on the floor, to the 
light-weight models for amateurs. These have 
a framework of sliding steel tubes for placing 
on a table. There are in termediate t ypes of a 
semi-professional class with a wooden framework 
for fixing to the wall of the dark-room. 

As a rule, graduations are provided indicating, 
for various degrees of enlargement, the respec-
were used in conjunction they were separated by a 
space of 1 in. (G. P. Cousin, 191 6.) 

tive positions of the lens front and of the nega
tive carrier above the board or horizontal table 
on which the sensitive paper is placed. In many 
of the present-day instruments, there is an 
automatic linkage (§ 69) to keep t he negative 
and the lens in conjugation with the easel. The 
operator is thus relieved of all attention to 
focussing, the movement of one part ensuring 
the correlated movement of the other, so that 
the image is caused t o pass successively through 
all the possible degrees of enlargement . 1 An 
additional hand-focussing adj ustment (heli
coidallens mount) should be provided . In spite 
of their obvious advantages the high cost of 
these fitments prevents their general use. 

Owing to the diversity of the t ypes of vertical 
enlargers, we advise that their detailed descrip
tions be studied in the leaflets and catalogues 
issued by the makers. 

763. Box Enlargers. Box enlargers, often of 
tapering shape, are, in fact, small triple-body 
cameras of very simple construction consisting 
of a rigid box carrying, at positions suitable for 
a given degree of enlargement, the negative 
(covered at some distance by a piece of ground 
glass) , the lens (usually of a cheap, simple type, 
but greatly st opped down), and a paper holder 
(which may be a removable dark slide or simply 
an integral part of the box) in which the paper 
is pressed flat by a plate against a sheet of glass . 
These instruments, exclusively designed for use 
in daylight for enlarging the small negatives 
made by amateurs, have been manufactured in 
a variety of patterns, of which only the simplest 
and lightest have survived . Some of them, made 
almost entirely of mill-board, give quite satis
factory results so long as they are not subj ected 
to rough usage. 

The introduction of vertical enlargers, capable 
of being used at any time, has led to the manu- ' 
facture of the better types of box enlargers being 
abandoned. This is especially the case as regards 
the patterns permitting of several degrees of 
enlargement, some of which were of extremely 
ingenious design. 

764. Various Enlargers. From time to time 
there have been made, for amateur use, attach
ments interchangeable with the dark slides of a 
hand camera. These attachments consist of a 
negative carrier and of a ligh t-box for illumina
tion by diffused light, generally in the form of a 

1 In the case of di rected light, such automatic linkage 
would be ver y complicat ed owing to t he need for 
p roviding a supplementary link between the Jight
source, condenser. and lens. 
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matt-white re fl ec tor, either plane or parabolic. 
This is illuminated by one or more lamps placed 
on the sides in recesses which shield the negati ve 
from direct rays. These enla rgers are used like 
a projec ti on lantern, the image being projected 
on an easel fixed to the wall. 

There a re also availa ble commercially box 
enlargers fitted with a light-box for diffused 
light or with a light-box for direc ted light ad
j usted once and for all by the maker. 

Finally , many of the photographic cameras 
taking sta ndard size cinema tograph film may 
be fitted t o special attachmen ts, so tha t the 
whole forms a vertical enlarger. 

(c) PRACTICAL E NLARGING 

765. Fixing the Sensitive Paper in Position. 
'vVi th ver t ical enla rgers t he placing of the paper 
is usually done by metal squares or st rips whi ch 
ac t both as masks with variable openings a nd 
as pressure pla tes, holding t he paper fla t. F a iling 
these , the paper may be held down by small 
weights of cast iron or lead placed at the edges 
and serving a lso to keep down a ny mask or 
st rips of opaque paper which may be used to 
limi t the surface to be exposed. The same 
methods of fixing a re applicable to plates or 
film s. 

Fixing the paper to a vertical easel! by means 
of drawing pins 2 is practical only if the easel is 
f1xed to the wall or hinged so that it can be 
turned down into a horizontal position on a 
rigid support a nd then returned to th e same 
posi t ion that it occupied during focussi ng. 
Otherwise there is a risk of shifting the easel 
when pushing in the drawing-pins. A facing of 
the easel with cork lino pa rtly removes thi s 
obj ection. It is often pre ferred to keep the 
paper flat under a thin sheet of glass in a kind 
of simplified printing frame, in spite of the fac t 
tha t the glass sometimes causes a sligh t diffusion 
of the light, or a double out line in the images 
(especially where two very contrasted portions 
of the picture meet), even wh en the glass is 
without flaws and perfec tl y clean. It is of 
service to have squares ruled, or a scale in inches, 

1 At various ti mes attempts have been made to 
co nstru ct easels o f lig ht me ta l co ve red with a. layer o f 
pressed granu lated cork, but d rawing pins do not 
usua lly ho ld if p ushed in close to a former hole. If the 
e nlargemen ts arc made in only a few s izes, it w ould be 
poss ible to usc hinged fra mes of the type known (in 
17ra nce) as sli ralor , which ho ld the paper stretched by 
a ll fou r s ides. 

' Steel p ins with glass heads fo rm ing small grips 
are preferable to ordinary drawing pins . 

• 

or rectangles corresponding with the various 
usual sizes, on the easel, or on the board closing 
the paper frame (or on a shee t of white card 
used to cover either when focussing) . 

Sheets of pa per of sma ll or medium sizes are 
held sufficiently by a ·maslling f rame, i.e. a frame 
with a cardboard rebate in which a mask of 
black paper is placed, and th e sensitive paper 
then kept agains t the reba te by a flap of card
board hinged to the frame. This frame is slipped 
under s trips of wood or under the heads of one 
or two screws part ially driven into the enlarging 
easel. 

T he sensiti ve paper could a lso be fixed to a 
;;hee t of metal coated wi t h a n adh esive va rnish 
(§ 283) 

All these devices may be used for h olding 
films. When enl arging on glass plates it is 
customary to use a prin ting frame or a dark 
slide, either of which is attached to the easel by 
a ny convenient means . 

766. Testing Parallelism of the Negative and 
Sensitive Paper. In the case of a vertical en
larger the pa rallelism of the pla nes of the nega
ti ve and easel can be readily tested by means of 
a spirit level. The instrument is first placed so 
that the easel is hori zontal, and then the light
box is removed and tes ts are made to see that 
a glass pla te put in the negative carrier remains 
horizontal in a ll the positions in which the carrier 
can be placed. 

When using an enlarging lantern, the parall
elism is tested by sights on a mirror successively 
a pplied against th e negative carrier and the 
enlarging easel as described in § 736 for adjusting 

• a COpy111g camera. 
767. Placing the Negative in Position. Glass 

negatives are usually held in a fram e with re
bates with spring turn-buttons to keep them 
firm. vVhen several negatives of different sizes 
have to be enlarged one after the other, one 
may use ei ther a set of adapters nesting one 
within the other, or separa te negative carriers ; 
the latter a re better for h olding the negative in 
position. ! 

It is well t o cut down to a minimum the 
amount of stray light due to successive reflec
tions, both in the lens (§ 57) and in any glasses 
used t o hold a film negative. This is done by 
masking ail the superfluous parts of the negative. 
In this way much cleaner high-lights and margins 
are obtained in the enlargements. 

1 For negatives o f small s ize universal carriers have 
been made in which the negative is held between 
m ovable jaws ea ch fix ed t o a fl exible blind. 
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When a film negative is being enlarged 1 it is 
usually sandwiched flat between two glasses, 
which in troduces four additional surfaces for 
s tray reflections, and thus tends t o veil more or 
less the enlarged picture, especially in the 
absence of a mask stopping all light around the 
part of the negative being enlarged . The number 
of marks due to dust or to imperfec t cleaning 
are also increased. 2 The results are much im
proved if the number of free surfaces is reduced 
to two by wetting the film with glycerine and 
( hen placing it between the glasses (all ai r
bubbles being removed) , as the whole may be 
considered as one optical medium; at the same 
time the effect of scratches on either side of the 
fi 1m is el imina ted. 3 

In cases where fIlm negatives have often to 
be enlarged (commercial developing and prin ting 
for amateurs and cinematograph fIlm studios) , 
the same result can be obtained more simply by 
means of a glass trough filled with a volatile 
fluid which renders unnecessary the washing 
a nd drying needed with glycerine . Carbon 
tet rachloride (a non-inflammable liquid) is gener
a lly used; its refrac tive index is nearly t hat of 
the mean refractive index of gelatine, celluloid, 
a nd glass (K. C. D. Hickman, 1926). When 
using a vertical enlarger, a trough with a glass 
bottom is placed in the negative carrier. This 
trough contains a small quantity of carbon 
tetrachloride, and the film is pressed against the 
bottom by a block of glass with plane surfaces 
which acts like a paper weight. The under 
surface of this block carries a mask of tinfoil 
affixed with gelatine. When using an ordinary 
enlarging lantern, a vertical glass trough with 
plane-parallel sides is employed; in this the film 
is pressed against one of the sides by a piece of 
glass held by wooden wedges.4 

In the customary case of enlargement on 
bromide paper, so as to ob tain a positive image 
to be kept as such, the emulsion side of the 
negative must be turned towards the lens ; the 

1 To pre ve nt heatin g of the film. during exposure 
fro m ca us ing shrinkage a nd warping , i t is well t o dry 
it by mode rate warming be fore exposure , a nd to cover 
it with a thick glass limiting the amount of heatin g and 
ensuring flatness. 

2 In the enlarged image there are so metimes ann ular 
fringes around each point of contact o f the film with 
one of the glasses (§ 504, footnote) . 

3 This im mersion would , if required , permit the 
enla rgement by "direct ed" light of film s with a matt 
back su rface (§ 229) . 

4 A thread may be passed through two holes o n the 
top edge of the fil m, so that it can be held at the correc t 
height. 

negative must be turned the other way round if 
the enlargement is to be used to make a Bromoil 
transfer (Chapter XLIII). 1 

When making enlarged negatives from posi
tive transparencies, the image-side of the trans
parency must be t urned towards the lens in all 
cases where the enlarged negative is to be used 
for printing that does not involve reversal of the 
image. But it is the back of the transparency 
that must face the lens where the negative is 
required for single-transfer carbon or for printing 
on the gelatine-coated bichromated paper of 
the oil process. 

768. Focussing the Picture and Bringing it 
to the Required Size. The work of focussing the 
picture and bringing it to the required size is 
greatly facilitated if the stand of the enlarger is 
fitted wi t h scales graduated in accordance with 
trials, supplemented, if need be, by simple 
calculations (§ 62) . Both for focussing and 
fo r bringing the image to the right size it 
is well t o replace the negative temporarily by 
a fogged negative on which inch squares have 
been ruled with a sharp-pointed stylus, or by a 
copy negative (same size) of paper ruled in 
inch squares. The measurement of the squares 
on the easel (which may be done by squares 
ruled on the easel) greatly simplifies the estima
tion of the degree of enlargement,2 and sharp
ness is often easier to gauge in the image of a 
fine cut in an opaque layer than in an image 
with a more or less definite outline. 3 

1 I t is , o f co urse, assumed that the negative w as not 
re versed when made. 

2 Those with a fondness for mathematical calculat ion 
can work out the d istance to move the negative in 
relat ion to the easel, or vice versa, in ord er to obtain an 
enlargement of g iven s ize . After focussing accurately 
without regard to t he s ize, measure o n the easel the 
length L ' occup ied by an object which o n the negative 
has a leng th I and wh ich is required to have a lengt h L 
in the enlargement . In order to change the adjustment 
at this setting to that required , ;,t is necessary to increase 
(if L ' is smaller than L) or to red uce (if L ' is grea t er 
than L ) the distance from t he negative to the easel 
by t he length 

[ L' - L (' ' ) ] I - I r: - I F 

then rc focussing the lens until sharpness is again 
a ttained . 

3 As th e operator intercepts t he p rojected image if 
he t ries to approach the easel to exami ne the sharpness 
of a det a il, there has been placed on the m ar ket an 
accessory comprising a base for application on th~ 
p a per, a sloping mirror and an ocular so fixed that its 
reticule has its virt ual image in the plane on which 
the base rest s. The image is th erefore sharp on the 
easel when it appears sharp through the ocular (A . 
von Lagorio , 1931). 
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When a new lens or a new light is being used 
for the first time, it is well to see that the sharp 
visual image coincides with the sharp photo
graphic image. For this purpose the ruled 
focussing plate is enlarged on to a strip of paper 
arranged obliquely, e.g. at a slope of I : 10 to 
the easel. A pencil mark is made on the line 
which appears sharpest, and after development 
the line which is sharpest is picked out and the 
distance between it and the mark is measured; 
the displacement of the plane of sharpness will 
then be I / Ioth of t he distance measured. 

In choosing the scale of enlargement, remem
ber that portra it enlargements t ermed of 
" natural size" must always be slightly smaller 
than in nature, as otherwise they will appear 
much too large under the usual conditions of 

• • vlewmg. 
If the dimensions of the apparatus or of the 

room do not permit of the required enla rgement 
being obtained with the usual lens, one of shorter 
focal length may be substituted, or the usual 
lens may be fitted with a supplementary con
verging lens (§ II7), so as t o form a system of 
focal length shorter than that of the usual lens. 
The focussing will then have to be checked by 
the method described above. The aberrations 
introduced by such a supplementary lens fre
quently have a favourable effect in reducing 
excessive sharpness. 

Enlarging may also be done in stages, first 
making an enlarged transparency and then, 
from it, a negative enlarged to the required 
scale. 

769. Soft-focus Enlargements. The various 
methods for producing images of " soft focus" 
(§§ 310 to 3I3) are applicable to enlarging, but it 
must be noted that the afocal supplementary 
lenses mentioned in § 126 can be used only with 
diffused light ; in the case of enlargement with 
directed light their effect would vary with beams 
of various degrees of obliquity. 

One of the most commonly employed methods 
for modifying excessive sharpness of enlarged 
images consists in placing between the lens and 
the sensitive paper a piece of bolting silk, canvas, 
bolting cloth, or muslin (all preferably black). 
When such a fabric, stretched on a wooden frame 
or on a sheet of glass, is laid against the sensitive 
paper, it simply reduces the cont rasts of the 
image (E. H. Farmer, 1905), giving it a pattern 
which, as a rule, is not objectionable. As the 
fabric is gradually removed from the plane of 
the sharp image an increased degree of diffusion 
is imparted to it. It is even possible to stretch 

one or more thicknesses of black chiffon on the 
lens hood, securing them by a rubber band. If 
the fabric is used at a considerable distance from 
the sensitive paper, it is necessary to place it in 
position before focussing, and to allow for its 
effect in prolonging exposure. 

770. Ascertaining the Exposure. When the 
enlargement is made with diffused light, and 
in this case only , the trials for finding the correct 
exposure may be made with a very small strip 
of paper exposed in contact with the negative 
to be enlarged in a printing frame placed in the 
same position where the large sheet of paper will 
be placed for enlargement. This tes t must , of 
course, be made only after the various adjust
ments have been carried out. 

In this case, and as a rough first indication,l 
the optimum exposures for the enlargement of 
a given negative with a given light, a given 
sensitive paper, a given lens always used with 
a given stop, are proportional to the values 
(G + I )2 , G representing the degree of enlarge
ment. If, for instance, a given negative is 
successively enlarged 2, 3, 4, 5, etc., times, the 
optimum exposures will be in the proportion to 
the numbers 9, I6, 25 . 36, etc. 

This method of calculation fails with directed 
light , for the flow of light transmitted by the 
condenser varies with the adjustment of the 
distance pf the light-source," and if the ligh t is of 
comparatively large size its image may be larger 
than the surface of the lens aperture. 

In this case the trials for ascertaining the 
exposure must of necessity be done on a strip 
of paper placed on the easel and illuminated by 
the enlarged image in the same conditions under 
which the final print will be made. 3 

1 Admitting the Schwarzschild law (§ 202) to be 
applicable within the range of luminations considered . 
the exposure time is proportional to (G + r), fP; now, 
p can have values less t han I , and a paper has been 
reported with p = 0·67. In thi s case, when passing 
from G = 2 to G = 5, the exposures shou ld be in the 
relation I : 8 , and not in the relation 1 : 4 as specified 
by the approximate ru le g iven above. 

2 Accord ing to whether one accepts or does not 
accept the Jaw of reciprocity, t he exposu re wou ld be, 
regard being paid to this circumstance, proportional to 

[ 
G(G + r) J2 [ G(G + 1) J 21P 

(G + r )F - Gf or to (G + I )F - Gf 

F and f designa ting respectively the foci of the lens 
a nd of the condenser (H. Backstrom, 1936). 

3 The foll owing method will enable these trials to 
be shortened. H aving projected the enlarged image on 
a sheet of white paper, a cand le is brought gradually 
nearer to the paper until the contrast between two very 
different densities disappears. All other conditions 

-
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When the exposures best suited for the contact 
printing of two negatives of very different 
densities on identical sensitive papers are known, 
all operations being carried out under the same 
conditions, then the proportion of these two 
exposures will hold good in the case of enlarge
ments of the same magnificat ion in diffused 
light and under identical conditions (same light, 
same paper, same development). 

The optimum exposure can also be ascer
tained , in the actual conditions of en larging, by 
measuring the illumina tion of the shadows of the 
proj ected image with a luxmeter or any equiva
lent simplified device, or by means of a photo
electric exposure meter, provided that these 
instruments are calibrated by methodical trials 
for this special purpose. 

771. The determination of the optimum 
exposure with daylight is more difficu lt owing 
to the frequent variations in the in tensity of the 
light. It is best done by the use of two identical 
negatives, e.g. the halves of a stereo negative, 
but separate. 

A st rip of sensitive paper is exposed in the 
enlarger in sections, and the optimum time 
corresponding to the working conditions (char
acter of the negative, sensitiveness of the paper, 
in tensity of the ligh t) is ascertained. At the 
same time a piece of print-out paper is exposed 
under the second negative in a printing frame 
facing in the same direction as the enlarger, and 
the time required to obtain a weak image, but 
wi th all detail, is noted. The proportion between 
the optimum exposure of the strip and the 
exposure of the print-out will always remain 
unaltered, whatever the negative used, provided 
that the working conditions are the same (same 
degree of enlargement, same lens aperture), and 
the same two papers are used. If two identical 
negatives are not available, the trials will have 
to be made successively with one negat ive, 
choosing the middle of the day in clear weather. 

It is sometimes possible to adj ust the aperture 
of the stop of the enlarger so that t hese two 
exposure times are the same. The time of 
exposure of the enlargement will then be equal 
t o t he printing time of a print-out paper with a 
similar negative. 1 

bClng the same, the t ime of exposure will be propor
tional to the square of the distance of the candle fro m 
the p ap er, the factor of proportiona lity being easily 
ascertained by a few preliminary exper iments (F. C. 
Lambert, I92I). 

1 As a print-out paper it is possible to use a piece 
o f the same paper used for the enlargement. It must 
previously be soaked in a dim light for 3 minutes in a 

772. Exposure. Everything having been ar
ranged, the light from the enlarger is cut off by 
capping the lens so as to permit of the sensitive 
paper being placed in position . Usually a cap 
fi tted with an orange or red glass is used, as 
this permits of the image being seen and of the 
paper being placed correctly in position. The 
lens is then uncapped for the time found neces
sary for exposure. It is then re-capped to allow 
of the removal of the paper. 

If the negative has not been provided with a 
mask, cutting off all the parts not required in 
the enlargement, it is necessary to make sure, 
before putting the paper in position, that no 
light object is in the path of the beam in such a 
position as t o reflect or diffuse ligh t on to the 
sensitive paper. 

For enlargements by daylight the apparatt:s 
must be pointed t owards the sky, care being 
taken that external objec ts (proj ecting corn ices, 
trees, adjoining buildings) do not come in the 
field of view. 

In the use of daylight enlargers or of triple
body cameras, the sensitive paper is placed in 
position by means of a dark slide, and the 
exposure is made by hand with a shutter. Some 
cheap patterns are not fitted with a shutter , the 
exposure being made with a piece of cardboard 
covering the negative carrier. 

773. Control During Exposure. In all cases 
where the image is projected on t o sensit ive 
paper exposed uncovered in the dark-room , it 
is easy to modify the tones of the various parts 
of the image (particularly when a long exposure 
is given) by masking the parts to be lightened 
for a suitable fraction of the exposure. The mask 
used must always be held fairly well away from 
the sensitive paper, so as t o project on it only a 
softly vignetted outline, and it must be kept 
in constant movement to soften the edges of the 
cast shadow still further. 

For instance, to bring out the gradation of 
the sky in a landscape negative, a piece of card 
is used, cut either with a straight edge or accord
ing to the outline pencilled on it (before the 
sensitive paper has been placed on the easel) 

5 per cent sol ution o f potassium nitrite, and then put to 
d ry in darkness without rinsing (about 3t oz. of bath 
must be used for three sheets of h alf-plate size). This 
gives the advantage of a print-out paper the sensitive
ness of which is practically proportional to that of the 
paper used for the enlargement (L. Lobel, I9I2). Using 
bromide paper, the time requi red to get a print of 
normal intensity from the check-negative is equal to 
the optimum exposure for an enlargement of three 
times with the lens stopped down to F /32. 



PHOTOGRAPHY: THEORY AND PRACTICE 

while it is held about half-way between the lens 
and the sensitive paper. This card is moved, 
during part of the exposure, to and fro or up 
and down. 

T o lighten the face of a model dressed in 
white, or any other part surrounded by areas of 
which the exposure requires to be longer, a piece 
of black paper or thin card, cut to the sui table 
outline, is fixed by means of a strip of gummed 
paper to a loop of thin wire extended so as to 
form a handle, and is held during part of the 
exposure so as t o shield the part to be lightened. 
If the wire is sufficiently thin and is held far 
enough from the sensitive paper, no trace of the 
handle will appear in the image . 

Finally, to darken a portion of the image 
completely surrounded by areas of which the 
exposure has to be lessened , a card is used of size 
large enough to cover the whole of the sensitive 
paper and in which an aper ture of suitable shape 
has been cut. 1 

774. Excessive contrast in an image can be 
weakened dur ing enlargement by the following 
method (0. Mente, 1910) : Before putting the 
paper on the easel (which latter may be covered 
with a waterproof fabric) the paper is soaked in a 
developer, without tendency to give either aerial 
fog or coloured products of oxidation (a solution 
of glycin with little sulphite is well suited for 
this purpose) and thickened by adding some 
glycerine, glucose, or sugar. After a very short 
exposure,2 serving to print only the deepest 
shadows, the lens is covered with its orange cap 
and the shadows are allowed to develop. The 
silver deposi t thus obtained very effectively 
protects the underlying emulsion against the 
action of light during the final exposure. From 
time to time a sponge, dipped in the developer 
and then squeezed, is passed over the surface 
of the enlargement. According to the effect 
desired, the exposure may be divided into a 
variable number of periods, allowing the devel
oper on each occasion the necessary time to 
develop the exposed silver bromide. 

775. A very ingenious method fo r indirectly 
11'0 reduce somewhat the sharpness o f certain parts 

o f the image, a shee t o f flawless glass rn ay be p laced 
4 to 6 in. in front of the easel and parall el to its plane . 
After the adjustments have been mad e, pure glycerine 
is b rush ed o n t o the glass opposite the a reas to be 
so fte ned, the shadow o f the brush on the image b eing 
used as a guide (L. Mendick, I922). 

, It m ust b e b orne in m ind that the sensitiv ity of the 
paper is lowered by we tting with the d eveloper. Owi ng 
to the rathe r long time taken for co mple te development 
it is necessary to choose a paper without tendenc y to 
fog or stain yellow during prolo nged development. 

retouching enlargements has been suggested by 
C. Duvivier (1924) . who got the idea from a 
method of drawing from a photograph previously 
described by L. Misonne. ' A sheet of white 
paper is fixed on the easel and a sheet of trans
lucent paper is placed over it in such a manner 
that a sheet of sensitive paper may be slipped 
between them without shifting the tracing paper. 
Using the projected image as a guide, the tracing 
paper is covered with pencil work or black chalk 
worked with the stump in all those areas requir
ing lightening or masking. After complet ing 
th is retouching, the sensitive paper is inserted 
and the exposure is made, the normal exposure 
being increased to compensate for the absorption 
of some of the light by the tracing paper. This 
method is particularly advantageous when 
several enlargements have to be made from one 
negative, part of the retouching being thus done 
once for all . 

776. Enlarged Paper Negatives: Equalization 
of the Grain. Various methods have been sug
ges ted t o reduce the grain of the base in enlarged 
paper negatives. One of the best (Delacre, 1925) 
consists in exposing the back of the paper (before 
or after the actual exposure is made on the 
emulsion side) uniformly, so as to produce a 
slight fog, compensating for the differences ill 
transparency in various points of the paper. 
Some t ests on cuttings from the paper to be used 
will show what is the correct exposure for 
obtaining equality in a paper on which there is 
no image . Seen by reflected light, such a paper 
negative appears mottled because there is a 
dark spot which corresponds to each weak place 
in the paper base, but if the auxiliary fog is of 
correct density no trace of any struct.ure appears 
when the image is examined by transmitted 
light (the control is more easily done if the image 
is examined through the paper). 

777, Handling of Enlargements of Large Size, 
When ma king enlargements of size greater than 
that of the largest dishes available, it is prac
ticable to fold the sheet in two if its smaller side 
does not exceed the longer side of the dish. 
Otherwise, the print may be laid horizontally 

1 Th is me thod, called b y its author" the extreme 
limit," consists in projecting the enlarged image of a 
negative on to a sheet of drawing paper in the dark-room. 
I t lnay then be wo rked over with penc il or charcoal , 
so t hat t his added d rawin g and proj ect ed image to
gether form a uniform clark grey. This, however, 
w o uld g ive a servile copy of the image; it is easy duri ng 
the work (in which placing is assured photographicall y) 
to carry o ut any 111odifi catio n o r s im plificat ion d ictated 
by th e a :'tistic ideas of the d raughtsman. 
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on a boarded or tiled floor , or hung up vertically 
and covered with developer by means of a brush 
of soft hairs or by means of a hand atomizer as 
used by florists. In any case, the print must 
first be wetted with clean water so as to facilitate 
the uniform spreading of the developer, and the 
developing solution must be one of those without 
tendency to aerial fog or yellow stain (glycin 
solution with little sulphite). If the print is hung 
vertically, the developer must be thickened with 

-

glycerine, glucose, or sugar. Development must 
be stopped with an acid bath, and fixing must 
be prolonged so as t o ensure the solution of all 
the silver salts. Washing is best done with a 
stream of water directed alternately t o one side 
and the other. If necessary , all the work could 
be done in the open air at night, the illumination 
being afforded by an enlarging lantern the nega
tive carrier of which has been fitted with a 
yellow glass or non-actinic yellow filter. 

• 



CHAPTER XLVII 

LANTERN WORK 

778. Introductory Note. The modern proj ection 
lantern is the result of the development by 
successive stages of the old" magic lan tern " 
supposed to have been used by the priests of 
Ancient Egypt, and of which a description was 
given in 1461 by C. Milliet de Chales. The im
provement of optical arrangements, the dis
covery of powerful sources of light, and then 
the use of photographic methods (Langenheim, 
Dubosq, 1851) for producing lantern slides 
(previously made by painting on glass) all 
these steps extended considerably the scope of 
the projection lantern. Its employment in 
scientific teaching is due to D . Brewster and to 
the Abbe Moigno (1872) among others. It has 
now become the indispensable adjunct of nearly 
all branches of t eaching. 

(a) LANTERN SLIDES 

779. Standard Sizes of Lantern Slides. The 
dimensions recommended for lantern slides by 
the International Congress of Photography 
(Paris, r889) have been generally adopted in all 
Continental countries. Great Britain and the 
United States have special sizes. The sizes 
shown in the table below and in Figs . 195 to 
197 are the maximum dimensions of a bound 
slide. The actual dimensions of the glasses are 
about I mm. (1/25th in .) less. The sizes of the 
usefu l port ion of the image (opening in the mask) 
are obviously optional, the values given being 
about their maximum limits. The size of the 
useful portion of the American slide is that of 
the" still" picture used in cinema theatres. 

NOM INAL O UTS IDE D IMEN S ION S 

Continental Europe (Fig. 1(5 ) 85 x 100 mlTI.(3 '35 X 3'95 ins. 
Great Britain (Fig. 1(6) 31 X 3i- ill . (82 'S- X 82 'S mm.) 
Un ited States (Fig . 197) 3i X 4 in. (8~'YX 10 1' mm. ) 

In principle, the two rectangular sizes must 
always be used as shown in the figures, t he hori
zontal lines of the subject being parallel to the 
longer side of the plate. 

A good deal of latitude has been introduced 
in the standardization of lantern-slide sizes 
since colour plates with a multicolour screen 
have come into general use. These plates afford 
direct positives which it is rather difficult to 
duplicate, so that, for showing them, all the usual 
hand-camera sizes, up to 9 X 12 cm. (3t x 41 in.) 

inclusive, have been admitted, and many recent 
projection apparatus allow images of 9 X 12 cm. 
size being proj ected, and are fitted with carriers 
t aking the pictures either vertically or hori
zontally . On the other hand, t o permit of the 
projection of slides made from stereoscopic 
negatives, special carriers have been made 
which allow one half of a stereo slide t o be shown. 
We cannot, however, too strongly advise the 
photographer wishful of showing his slides 
anywhere with out difficulty to adopt the most 
generally-used size . Otherwise he may be com
pelled to take with him not only h is slides, but 
a lso all or part of the appropriate projection 
apparatus. 

780. Photographic Lantern Slides. Lantern 
slides are usua lly made on specia l plates yielding 
images of black tone (§§ 567-569) or of warm 
tone (§§ 574- 578) , with the facility of t oning or 
dyeing (§§ 595- 606). They are sometimes a lso 
made by various pigment processes (§§ 655 and 
674 t o 678) .1 

It is advantageous to vary the colour of the 
slides of a set, so as to avoid monotony, but it 
is necessary to avoid too vivid colours in strik ing 
contrast with the average colour of the subj ect. 

When diagrams! charts, or numerical tables 
are shown in alternation with v iews, etc ., in 
tone, the excessive brightness of these subjects, 
with extensive areas of white, is so dazzling as 
to prevent the next views from being seen 
satisfac torily. Such alternations of semi-dark
ness and light may be fa t iguing. To prevent 
this, it is often preferred to project the negative,3 
instead of a positive, of the line subject. Such 
negat ive must not be too dense . In order that 
the rod,. with which the lecturer points out 

1 'Mention may be mad e o f the views for projectio n 
sold as transfe rs to be placed on g lass, or as photo
mechan ical prints on transparent films mounted in a 
cardboard franIc or be tween glasses. 

2 After a d jus tmen t to the scale desired , t he thic kness 
of t he li nes ll1USt be be tween 0' 3 n1m. (cu rves) and 
0'05 mm. (l ines of the sq ua red ruling) ; the le tter ;ng , 
In strokes of unifonn t hickness (0 '15 to 0 ' 1 0 mm .). 
m u st b e 1'5 t o I mm. h igh. 

3 It is for th is same reason that the titles o f c inema 
films are nearly always shown with white (or light
coloured) lettering on a black (or dark coloured) 
ground . 

4 It h a s been suggested tha t this rod, w hich rese m bles 
the m a hlstick u sed by p a inters. sh ou ld be replaced by 

490 
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details on the screen , may be visible, it is advis
able that such negatives be t oned to a warm 
colour. 

F or the printing of lantern slides by contact 
there are various types of special printing frames 
allowing the printing aper ture to be centred over 
one part or another of a larger negative. There 
are also available commercially reduhere 
cameras (similar in const ruction t o box-foon 
enlargers) fo r copying by daylight on a redurm 
scale from large negatives, l~educt ion from 
negatives of very large size (such as X -ray 
plates) is usually done in a triple-body camera 
with an arrangement for illuminating the 
negative with diffused light. 

While, with some practice, it is usually 
possible to judge satisfactorily the colour and 
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78r. Diagram and Notice Slides. To save 
time, a notice or simple drawing may be made 
direct on the slide without the aid of photo
graphy. 

The notices can be written or typed on thin 
paper, gelatine, or Cellophane, inserted between 
two sheets of "carbon paper" as used for 
obtaining carbon copies. In this way two 
identical impressions are obtained, one on each 
side, and these reinforce each other. 

The writing or drawing may also be done with 
Indian ink on first -class tracing paper, or with 
pencil on ground glass ; or , again , it may be 
done by scratching with a stylus on a glass 
previously prepared by coat ing with one of the 
varnishes used by copperplate etchers. 

The slide may also be made by writing with 
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F IG. 195 FIG. 196 FIG. 197 
STANDARD S I ZES OF LANTERN SLI DES 

contrast of a lantern slide by holding it at an 
angle of 4So in front of a white background 
which is uniformly illuminated (care being t aken 
to avoid reflecti on of ligh t from the image), it 
is always well to test the slides by passing them 
through the lantern in the normal manner. This 
precaution is specially necessary in the case of 
slides wh ich have been t oned t o another colour 
than black; while they may appear perfect 
when viewed direct, they may sometimes cause 
an unpleasant surprise when projec ted. 

The stronger t he source of light, the more 
contrasty the slide must be. Lantern work in 
the family circle or before a small a udience wi th 
lights of low intensity calls for comparatively 
soft slides, which would seem somewhat flat 
if shown in a large hall with the customary high 
power illuminants1 

a s mall p rojector held in the lecturer 's hand which 
throws on the desi red p oint on the screen the image of 
a small bright arro w. This very expensive accessory 
is not easily Inanagecl. 

1 The contrast of the projected image is decreased, 
on the one hand, by reflections in the optical system of 
the projector (§ 57) and, on the other hanel, by the 
Jight scattered by t he walls o f the room and by the 
du st or smoke suspended in the air . 

copying pencil on smooth paper, This is then 
applied for I S- 20 seconds to a glass covered 
with gelatine (e.g. a fixed photographic plate, 
which must have been washed and dried). This 
is dipped in water and blotted with a non-fluffy 
blotting paper when about t o take the im pres
sion , The progress of the operat ion is foll owed 
through the glass. The lines pass from grey to 
violet in penetrating the gelatine . They do not 
transfer to gelatine which is t oo dry, and they 
spread if it is too wet. By using a gelat ine tinted 
pale green, excessive brightness on t he screen 
is avoided, and at the same time the contras t 
of the violet is slightly increased (A. Oclencrants, 
I 9 20), 

782. Binding Lantern Slides. The dewing 
which appears on a slide during proj ection, and 
the melting of the gelatine of a slide kept for 
some time in the lantern, are often d ue to an 
excess of moisture retained in the gelat ine or in 
masks and labels which have not been suffi ciently 
dried before the slide was bound up. 

Varnishing Ian tern slides (§ 477), after dry ing 
by heat and then cooling, is a very useful 
means of preventing any re-absorption of 
moisture by the gelatine. Failing this, it is at 
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least necessary to dry the slides, fitted with 
their masks and labels, before b inding them up. 

A judicious limi tation of the picture is quite 
as necessary wi th lantern slides as with paper 
prints; it can only be effec ted at this s tage by 
applyi ng a mask to the slide 1 Just as prints 
from various negatives a re trimmed to d ifferent 
shapes a nd sizes, so it is not possible to ge t the 
best effec t from slides if one is limited to the 
fe w masks available commercially. Among these 
masks those with fancy openings are to be 
avoided, and discretion must be used in employ
ing circular or oval openings, which are, how
ever, sometimes valuable t o conceal a marginal 
defect in a slide. 

The best method is to have a quantity of 
gummed strips of opaque paper of various 
widths ranging from ! in . to ~ in. These can be 
stuck to the emulsion surface of th e slide, 
encroaching very slightly on marks previously 
made with a penciJ.2 F or t his it is necessary to 
choose as thin a paper as possi ble, so as not to 
add appreciably to the thi ckness of the glasses 
by the superposit ion of t he strips. P aper pro
jecting from the glasses must be cut onl y a fter 
the gum is dry . 

Mista kes in the posi tion of the pic tures on the 
screen are unavoidable on the part of the 
lanternist unless some distinctive ma rk clearly 
shows the correct placing of the p icture on each 
slide. The customary convent ional signs are 
as follow-

Co ntinen tal E u rope (Fig. 195) 

Great B ritain (Fig. 196) 

Un ited States (Fig. T97) 

A w hi te spot a t the 
lower right- hand cor
ncr .3 

T wo wh ite spots a long 
t he upper ed ge. 

A white spot at the 
lower left-hand cor
ner (or th is spot may 
be replaced by a 
g ummed recl strip 
a long t he lower edge) 

These marks must be placed on the mask 
before binding up with the cover-glass, so that 
the label may be protected as well as the picture . 

1 If t he mask is app lied to t he back o f t he slide or 
to the outside sur face of the cover-glass, its image w ill 
not be projected sharply at the same time as that o f 
the subjec t- wi t h ver y unpleasant effect. 

2 At lcast t in. must be left betw een the edge of the 
pict ure and the edge of the glass; otherwise the grooves 
o f the carr ier w ill obtrude on the mask, and the bind ing 
s trips will have to be so narrow that they w ill no t secure 
the cover-glass satisfactorily. 

:I The ind icat ions of position refe r to the subject seen 
as it is desired to appear o n the screen. 

The white spots may be used for numbering 
the slides. 

The free spaces available on one or other side 
of the mask (portions not covered by the binding 
strips) may be used for labels showing, for 
instance, the name of the owner on the right
hand side, and a brief description of the subj ect 
on the left. These labels must be sufficiently 
far from the spots to avoid all confusion . Papers 
of different colours may be used to label slides 
of different sets. Titles, etc., can a lso be written 
in white ink on the black paper. 

The gummed strips and the labels having been 
thoroughly dried, the slide is bound-up with a 
thin cover-glass 1 of the same size in order t o 
protec t the image against scratches and fin ger
ma rkings. As far as possible these glasses must 
not be thicker than ,'" in ., a nd must be free from 
scratches, bubbles, etc. , at least in that portion 
covering the image. The surface placed in 
contact wrth the slide must be perfect ly clean 
and dry . After placing this glass on the slide, 
which has been dusted , and having seen that 
both glasses are prac tically the same size, the 
two are bound together with gummed strips2 

In binding, use may be made of either one 
single strip, about ! in . longer than the t otal 
length of the four sides of the slide, or four 
separate strips, one for each side. Experience 
has shown that the use of four short strips 
enables better results to be obtained more 
quickly . The one obj ection t o this plan is that 
it does not ensure complete sealing of the corners. 
This is of little importance if the slides have 
been varnished . 

With a sponge moisten t he back and then the 
front of the strip laid fla t on a table. Place the 
slide and cover-glass (held together) along the 
middle of the strip .3 Raise the sides of the 
strip t o ensure a sufficient adherence for an 
instant , and turn the slide over. Then pass the 
finger or a small pad along the edge in order to 
cause the gummed paper to stick t o the edges 
of the two glasses , and then, starting from the 
middle of the side, press the sides of the strip 

1 T he various methods for clean ing off old negatives 
a re described in § 487. New glasses must be washed 
in a w arm solu tion of soda carbonate, rinsed, wiped, 
and d ried. 

2 It is also possible to use strips of dry-mounting 
tissue (§ 711 ), which a rc a([i xed by means of a specia l 
tongs the jaws o f w hich are heated to a suitable tem
perature . 

3 \Vhen a s lide o f di mensions smaller than the normal 
is being mo unted , strips of card or glass o f the th ickness 
o f the slide are laid o n, so as to fill up the space on either 
side . 
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against the glasses by rubbing between the 
thumb and forefinger. Finally, rub towards the 
cen t re of the slide so as t o stretch the gummed 
paper .' Any paper projecting at the two ends 
is then cut off after another strip has been 
fixed . 

Slides belonging to different se ts may be 
distinguished by binding strips of different 
colours . 

783. Storing and Carrying Lantern Slides. 
Lantern slides a re bes t kept in the plate boxes 
(usually 8 bound slides can be put in a box, in 
which 12 plates are sold) with the same precau
tions as prescribed for negatives (§ 490) . 

For carrying the slides by hand, several types 
of boxes are used. One of the best has no grooves 
but has a false bottom fitted with springs. The 
plates a re arranged on edge , separated into 
batches by movable partitions. The lid is either 
hinged or completely detachable ; in the latter 
case it is secured by hinged brass catches . This 
lid contains two thick bands of rubber which 
press the slides against the false bottom and 
thus prevent all movement. The handle is a 
stout leather strap, completely enveloping the 
box, and is kept from slipping by metal saddles. 
Any vacant space inside the box must be packed 
wit h corrugated cardboard or balls of crumpled 
pa per. Grooved boxes are to be a voided they 
are too cllm bersome and boxes with metal 
handles should not be chosen, s ince such handles 
cut the fingers and are not always strong enough 
to stand heavy weights. (We have seen boxes 
supplied for a hundred slides, i.e. a weight of 
over 13 lb, the handles of which were fastened 
with quite short nails, with the heads cut 
through in imitation of screws!) 

No attempt must be made t o lift a block of 
slides out of a box when these slides are standing 
on edge. If the block is pressed very tightly the 
s lides a t either end are almost sure t o be broken 
by the excessive pressure. On the other hand, 
if the pressure is less, the slides are insufficiently 
held, and slip and fall . First of all, place the 
box on end so that the slides are flat. It is then 

1 Various appliances may be bo ught for faclhtating 
the bind ing of slides, e.g. clamps (mount ed on a base). 
which grip t he slide a nd cover-glass together a t the 
ce ntre and permit of the two being turned round ; or 
boards with grooves lined with felt into which the 
glasses a re pushed, a fter the binding h as been t em
pora rily attached , so a s to stretch t he paper and cause 
it~o adhere to the glass . In order to ensure the uni
formi ty of the ed ges of t he bind ing st rip th e gau ges 
supplied for passe partout mounting may be used 
(§ 73 2 ). 

possible to take out small batches without any 
risk of breakage . 

For sending lantern slides by post, the best 
method is t o put them in plate boxes (of lantern
plate size) in tight packets. The boxes are 
secured with wide rubber bands, and are put in 
a strong wooden box with a screwed lid and thick 
packing of corrugated cardboard or felt sur
rounding the various boxes1 

(b) PROJECTION LANTERNS 

784. Parts of the Lantern. A proj ection lan
tern2 consists essentially of a ligh t-source of 
high power enclosed in the lantern proper or 
light-box, a condenser, a slide carrier, enabling 
the slides t o be changed rapidly , and a lens. 
The lantern is usually placed on a stand, bringing 
the lens opposite the centre of the screen, the 
stand being fitted with a shelf for the slides 
before and after projection. The tab le and shelf 
should be edged with s trips of wood so as to 
form trays , in order to prevent slides and acces
sories from falling off accidentally, as may easily 
happen when working in almost total darkness'" 

In addition to these normal parts, projection 
lanterns fitted with very powerful ligh t-sources 
are equipped with cooling devices similar to 
those required in cinematograph projectors. 
Some lanterns, too, are fitted with tinting discs, 
usually held in front of the lens on an eccentric 
axis, and permi t ting of filters of coloured glass 
or gelatine being placed in the beam issuing 
from the lens. 

A certain number of stereoscope-viewing 
1 The following method is ad opted b y the Musce 

P edagogique de Paris (supply service for public instru c
tion centres in France) : The slides arc packed in sets of 
25 in a very long, wide band of soft, thick flannel in 
which they are tightly rolled . The roll s a re placed in a 
strong w oode n box with thick felt padding and closed 
by a sliding lid held in place by o ne s in gle screw with 
a slot wide enough to enable a co in to be used for 
unscrewing . T he percentages of breakages during the 
outward and return journeys are very small , but it 
must be remembered that these parcels are sent by 
post and do not, therefore, undergo the rough handli ng 
Tl1eted o ut by the railways. 

2 In the UniteJ States, projection lanterns are some
times known as S tereopticons , which non-specialist 
translators have somet inles erroneously associated with 
the idea of stereoscopy. 

3 Foldi ng tables, of which several patterns in wood 
or metal are obtainable commercially, arc also used , 
or even a photographic t rip od suitab ly wedged on a 
t able (or several tables p laced side by s ide to form a 
platfornl for the lanternist). SOlnetimes, too , legs are 
adaptable to the case in which the lantern is carri ed. 
One of the s ides is held up by fo lding b rackets so as 
to form a shelf level with the top and, at the same time, 
to give free access to the interior of the case . 

• 
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cabinets (§ 827) can, by the addit ion of a sim
plified light-box and condenser, be used as 
project ors. In order to obviate having t o 
reverse the views, one of the oculars is replaced 
by a lens between the glasses of which a prism 
for the reversal of the image is fitted. 

Instruments for projecting the images of 
opaque bodies will be dealt with later. 

785. The Light-box. The reader will find in 
the catalogues of makers and suppliers of pro
jection instruments m ore complete descriptions 
than can be given here of the numerous models 
of proj ection lanterns. Some resemble enlarging 
lanterns, but with more ample ventilation, per
mitting the use of more powerful light-sources 
and not requiring such careful light-trapping, 
since any escape of light is of small accoun t, 
particularly when the lantern is placed behind 
the spectators. 

Within the limits of the money which can be 
spent, it is best to choose lan terns the light-boxes 
of which are of very large size, as this gives grea t 
la titude in the choice of the illuminant. It is 
also advisable tha t the condenser be capable of 
insert ion and removal from t he side wi thout 
having t o ta ke out the lamp, and that the spring 
platen under which the carrier slides should 
allow the use of other carriers than the one 
supplied with the lantern . F inally , the lens 
board must be capable of being moved out t o a 
sufficient d is tance from t he slide carrier to 
permit lenses of considerable focal length being 
employed . Such lenses a re necessary in long 
halls unless t he Ian tern is placed among the 
audience an inconvenient a rrangement for 
both specta tors and lan te rnist. 

Lanterns of simple construction are usually 
fitted with condensers of 4 in . diameter, which , 
however, a llows a slide area of only 2: X 2~ in . 
being projected 1 It is well to choose a lantern 
with condensers of 4! in. diameter, which per
mits of slides 3t X 3t in. or 2! X 3! in . being 
shown. Better s till , if the cost is not p rohibiti ve , 
is the choice of a la ntern with a condenser of 
6 or 6~ in. diameter, allowing of the projection 
of t ransparencies of size 3! X 4~ in . on the 
special plates for direct colour photography. 

For lantern work in very large halls where it 
is not always possible to place t he lantern at 
mid-height of the screen, it is very desirable to 
have lanterns in which t he various par ts can be 

1 It is fo r this reason that s lides s upplied by laniern 
s lide publishers arc usually fitteci with masks with 
ro unded corners, so as to includ e the whole view in tJIC 
c ircle ill uminated by the condenser. 

de-cen tred. This avoids the necessity of tilting 
the lantern, such angling of the optical ax is 
causing a certain amount of distortion , unless 
the screen be also tilted so as t o be at right angles 
to the axis of the projection lens. A brief refer
ence may be made here to the almost obsolete 
double or bi-unial lanterns, consisting of two 
bodies, one above the other or side by side, and 
allowing of one picture being gradually" melted" 
into another (d issolving views). This was done 
by a pair of linked shutters or mechanism for 
turning on the light in one lan te rn whilst that 
in the other was turned off. 

786. Light Sources. The firs t projec tions of 
photographic slides were lighted by Argand 
lamps for melted t allow, adapted for this use 
by F. Newton (1851). Para ffin (kerosene) lamps 
with fia t wicks (Marcey, 1874) then came in to 
general use. These in turn were replaced by 
incandescent mantles (Auer von Welsbach, 
1885), burning with coal gas or vapours of 
various liquid fuels (alcohol, petrol, paraffm). 
Meanwhile limelight had been used for high
power projectors (R. Hare, 1801 ; T. Drummond, 
1826), and also the arc-lamp inven ted by Davy 
in 1809 but not used on any scale until about 
1877. Various improvements to the limelight 
jet enabled the coal gas to be replaced by cer tain 
vapours (ether, petrol); acetylene was for a 
time also used as a projection ligh t , with special 
burners. At the present time, whereve r electric 
current is available, only arc lamps or incan
descen t lamps are used , according to the power 
required. Numerous patterns of both kinds of 
lamps have been designed specially for pro
jection. 

As the optical condit ions are t he same as in 
enlarging with d irected light (§ 757), the in t rinsic 
brightness of the light has a much greater effect 
on the illuminat ion of the projected image th an 
its luminous intensity . 

787. Paraffin Oil Lamps with Multiple Wicks. 
Though these lamps are now scarcely ever used, 
it may be well to describe briefl y the meth od of 
usc. The wicks are about 2 in . wi de , and usually 
there are four of them placed pa rallel to the 
optical axis. Over them there is a combustion 
chamber, closed in front and behind by t hin 
plates of tempered glass, and fo rming part of a 
high, t elescopic chimney. Essential condit ions 
for satisfact ory working are absolute cleanliness 
of the lamp and the correct t rimming of the 
wicks, t he corners of which must be trimmed off. 
The lamp having been filled wi th oil, t urn up 
the wicks slightly and light them . As the heat 

• 
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gradually develops, raise the wicks until the 
fl ames merge into one very bright and non-sooty 
flame. This starting of the lamp requires about 
I O minutes. The fl ame must be watched from 
time to time by the sight-hole in the combustion 
chamber, as it produces dense smoke if it draws 
too h igh. The lamp must be emptied a nd 
cleaned after each t ime of use ; the carbon ized 
portions of the wicks must be trimmed off 
exactly level with the burners; and the chimney 
must be cleaned. The light can be improved 
by dissolving a little naphthalene in the paraffin , 
but the lamp then heats much more. 

788. Lamps with Incandescent Mantles. Ordi
nary incandescent gas burners do not usually 
give a sufficiently bright light for satisfactory 
project ion. There are, however, various types 
funct ioning with the vapours of alcohol, pet rol, 
or paraff1l1 . They produce these vapours under 
pressure, thus producing a much brigh ter light. 
In using these lamps, some of which are very 
noisy in operation, t he maker 's instructions must 
be very carefully followed , as a mistake in 
ma nipulation may easily lead t o an acciden t. 

After having been once used , mantles, as a 
rule, cannot be carried from one place to another, 
unless, after cooling, they are dipped in I per 
cen t collod ion and t hen allowed to d ry . Such a 
collodion-treated mantle must be burned off 
before use, just like a new mant le. 

789. Acetylene Burners. Ace tylene lamps 
formed of small horizontal rows of three burners, 
placed at a bout 45° to the optical axis, enable 
slides to be shown satisfactorily before a udiences 
of about fi fty people. 

As portable generators are often dangerous 
in manipula tion, cylinders of disso lved acety
lene 1 are to be preferred to them. 

790. Oxy-acetylene Limelight.2 A pastille of 
rare ear ths 3 held in the fl ame of an oxy-acetylene 

1 Acetylene gas, which is vcry solubl e in acetone, is 
supplied bo th for wdding and fo r lightin g motor-car 
headlights , in the form of a solut ion (at a p ressure o f 
170 lb. per sq. in. ) in acetone impregnat ing a poro ll s 
substa nce co ntained in s tee l cylinders (Claude and 
Hesse, 1896). On no accou nt must any attempt be 
made to re-charge a cylinder with gas from another 
o ne , as serious accidents have attended s lIch tran sfers 
mad e outside the spec ial factories. 

, The lise o f the oxy-hydrogen jet (for use with coal 
gas) is not descr ibed here, as it differs little from that 
of the oxy-acctylc ne jet. F or the manipulation of the 
saturato rs fo r ether, acetone, or petrol, the instru ctions 
iss ued by the makers mu st be strictly followed. 

3 These pastilles or cylinders contai n the sa me 
oxides as used to impreg nate incandescent mantles 
(o xides of zi rconi um and of thorium) and have the 

jet becomes incandescent. Its intrinsic bright
ness is considerable as well as its luminous 
intensity . This is the most powerful ligh t avail
able if there is not electric supply of wattage 
sufficient for an arc, but it calls for considerable 
care in use, and fo r this reason a de tailed des
cription of its manipulation is given . 

The axial tube of the jet is connected to the 
regulat or valve of t he oxygen cylinder 1 (§ 79I ), 
and the side tube is connected to the regulator 
valve of the acetylene cylinder. Th e pas tille 
is fi xed in the clips of the holder so that one of 
its fl a t surfaces projects about ~ in . beyond the 
spring belt . The pastille is then pushed aside, 
the ace tylene tap is opened, t he burner is lighted, 
and the fl ame is regulated to a length of % in. 
The oxygen tap is now slowly opened until the 
little blue cone of the oxy-acetylene fl ame 
measures about t in. The pastille is then 
brought back into the flame, and t he blowpipe 
and pastille holder arc adj usted so t hat the tip 
of the blowpipe is about "} in . from the pastille, 
opposite the lower third of its vertical diameter. 
In this position the pastille is at its maximum 
brigh tness. 

If the blowpipe sizzles or crackles it is a sign 
that the supply of acetylene is insufficient. T oo 
much acetylene may produce a deposit of soot 
on the past ille the brilliancy of wh ich is then 
much reduced . A considerable excess of oxygen 
can prod uce a deposit of black copper oxide. 
In either case the pastille m ust be withdrawn 
and allowed to cool ; it must then be scraped to 
renew t he surface. 

To extinguish the jet, first draw away the 
past ille, and then close successively the taps 
of th e acetylene and oxygen. 

791. Precautions to be Taken in the Manipu
lation of Oxygen Cylinders. Oxygen is supplied 
under a pressure of 1,700 lb. per sq . in ., in \ 

advantage over the lim e cylinders previously used that 
they give morc light and can be used several t imes. 

1 The oxygen can a lso be prepared in a generator 
s im ilar t o those used fo r generating acetylene gas, by 
the act ion o f water o n a p reparation o f sod ium perox ide 
(oxylithe, G. F. ] auber t , I g00) or in a steel cy linder, 
tested to a press ure of 850 lb. per sq. in ., and fitted wit h 
a loading apert ure cl osed l ike the cover of an a utoc lave. 
I n th is cylinder the oxygen is prod uced by t he com 
bust ion o f a preparation of potassiUIn chlorate, in f usorial 
earth , with a little charcoal (oxygen ite, I g03). wh ich 
mixtu re is p laced in the cylinder after l ightin g o ne end. 
The oxygen prod uced in t hi s seco nd case is imp ure, and 
cannot be used fo r med ical p urposes. T he ins tructions 
iss ued b y the makers must be carefully followed, and 
in the case o f oxygenators under high pressure the rules 
given below mqst be oQserved. 
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cylinders of forged steel.' In order t o ensure 
regular supply of the gas at a pressure slightly 
greater than that of the atmosphere, the 
cylinder is fitted with a regula t or valve, shown 
in section (Fig . 198). When the metal diaphragm 
of this valve is subj ected to a pressure greater 
than that fixed by the regulato r, the passage 
between the gas tube and the pressure reduction 
chamber is automatically closed until the 
pressure has fallen below the desired point. 

Serious and som etimes fatal accidents can be 
caused by the presence in the joints of organic 
m atter (leather, rubber, fatty matter, etc.) , 
which m ay ignite spontaneously and cause the 
cylinder to explode. 

B efore fi t ting a regulator valve to a loaded 
cylinder, the tap of the latter must be slightly 
unscrewed to let a little oxygen escape, and it 
must then b e closed without jamming too h a rd. 
Carefully clean by dry rubbing the outlet of the 

FIG. 198. R E GULATOR FOR OXYGEN 

GAS CYLINDER 

cylinder and the cup which forms the end of 
the threaded tube of the regulat or valve, so as 
to remove any dust which may give rise to a 
leak at this joint. Place the nut of the valve 
into the connection on the tube and screw it 
half-way. Then screw the valve fully into the 
nut, tightening and loosening the la tter so as 
to give the valve the desired position and then 
screw the nut home, using a special key if 
necessary.2 

1 In France the t ransport of compressed gases is 
s ubject to the regulations issued by the Prefecture of 
P olice (Paris, 25th May, Ig02) : The containers m ust 
have been stamped within three years by the Depar t
ment of :Mines ; the valves and taps m ust be protected 
by covers screwed to the containers . Transport I11U St 

be in covered vehicles w ith completely closed sides. 
The containers must never be violently thrown , nor 
e xposed to the sun , nor to any source of heat. The 
carrier lllust be s upplied with a pressure gauge and 
must understand its usc. 

2 The scaling of the joint ll1ay be ensured if needful 
by diluted g1ycerine or soapy water. No fatty sub
stance ll1USt be used . 

After fitting the valve, screw home the regu
lating screw (usually ending in a winged key) 
in the axis of the valve-box . Open fully, by 
unscrewing , the supply t ap of the valve, and 
then slightly open the t ap of the cylinder. As 
soon as the gas flows, adjust the pressure of the 
outflow (seen on one of the gauges, the other 
indicating the pressure of gas in the cyli nder' ) 
by turning the regulating screw, and then 
close the tap if the oxygen is not immediately 
required . 

T o stop the fl ow after using the lantern, first 
close the t ap of the cylinder without jamming 
it, and let the gas escape from the pressure 
reduction chamber. When the needles of both 
gauges h ave returned t o zero, close the supply 
tap. The needles of both gauges must remain 
at zero. 

792. Electric Light. The incandescent lamps 
used in projection lanterns are the same as 
described for enlarging lanterns (§ 758) , so that 
i t will suffice here to deal wi th arc lam ps. 

To avoid misunderstanding, it is well to sta te 
here that arc lamps of the mirror type, the 
comparatively recent introduction of which 
m arks an appreciable progress in cinemat ograph 
projection, cannot be used satisfactorily for the 
" still" proj ect ion of slides of t he ordina ry 
size .2 

The efficiency of an arc in a p rojector depends 
on two factors: the intrinsic brightness of the 
crater (itself proportional to the square root of 
the density of current, q uotient of the number of 
amperes by the a rea of the crater), and the useful 
area of the crater, measured in a p lane perpen
dicular to the optical axis , which area is smaller 
as the carbon is more inclined on the axis . The 
brightness of the positive crater of an arc with 
ord inary carbons is about three times that 
of fused tungsten, which latter is obviously 
the m aximum brightness of an incandescen t 
lamp. The m aximum brightness of the crater 

1 This gauge allows one to tell how much gas is 
left , s ince the pressure shown by it is in the same ratio 
to the initial pressure as the remaining v olume of gas 
t o the initial volume. 

2 In these lamps a concave mirro r projects on the 
film an enlarged image of the positive crater, the 
carbons being arranged in line along the optical axis. 
This arrangement is quite suitable for projecting an 
image of very small s ize, but cannot be applied to the 
case of an image of comparatively large s ize. Also, 
these arcs cannot be used under the conditi ons in which 
other sources of light are used , since a dark shadow 
of the support of the positive carbon appears on th e 
screen , unless a small de-centred part of the beam is 
used , which is what is done for the" still" projection 
sometimes employed with a cinematograph projector. 
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is determined by the temperature of vola tiliza
tion of carbon. To increase the steadiness of 
the a rc, it is usual to use carbons wi th a core 
of so fter carbon occupy ing the position of the 
lead in a pencil , but as the carbon of the core is 
more vola tile, the intrinsic brightness of the arc 
is lowered . This drawback is overcome by using 
carbons with a mineralized core (carbon pas te 
mixed with the fluorides of various metals, such 
as calcium, barium, etc.). The arc is then 
s teadier, longer, and provides the major part 
of the light (about 85 per cent), the remainder 
being supplied by the positive cra ter. Further
more, the flame arc gives, according to the salts 
used in the mineralization, various coloured 
lights or whi te light ,' and the consumption of 
current is considera bly reduced. 

The somewhat rapid consumption of the 
carbons in air (about 2 in. per hour on an 
a verage) renders necessary frequent regulation 
of the arc, especially as the positive carbon 
wears away at twice the rate of the negative 
carbon, unless its section is twice as great 
(diameters in the relation of I to 1"4). 

The use of mineralized wh ite-flame carbons 
is particularly advantageous in arc lamps fed 
wi th alterna ting current, as the arc t hen works 
more regul arly and quiet ly . Also, as t he a rc is 
here th e principal source of the light there is 
no t rouble due t o the periodic inversion of the 
current, which, with ordinary carbons, causes 
th e two carbons to be alternately the sources of 
light, so tha t under good conditions only one 
al te rnance in two can be made use of. 

793. Arcs with convergent carbons are gener
ally used for proj ection work, the two carbons 
forming an angle of about 120° (60 on each side 
of the optical axis) , 2 or, failing this, lamps in 
which the carbons in line at a slope of about 
30° to the vertical are used. 

In spite of numerous attempts to construct 
arcs with an automatic feed as used for stree t 
lighting, no simple and completely sat isfacto ry 

1 Carbons m inera li zed to give a w h ite l ight arc 
generally marked with white pain t o n their cross sec
t ion s . 

2 Lamps with c01'1vergent carbons are someti mes fitted 
(when mineralized carbons arc not used) with a mag
netic blo wer, a horse-shoe electro-m agnet placed in 
series in the ci rcuit of the arc which pushes back the 
arc, and consequently the crater, allowing of a better 
utili za tion of th e emitted light. In the lamps in whic h 
the two carbons are in line, u se is made at' either this 
blower o r of a se1ni -circular sh eath of refractory 
material p laced b ehind t~l e arc . Thi s sheath tends to 
move the crater in t he opposite d irectio n, and- with 
alternating c urrent-- it 0i)poses the rotation of the arc 
(Marcou, 1905). 

32- (T ·5630) 

pattern has ye t been devised, bu t some do allow 
of much less atten t ion on the part of the lan
ternis t in the course of a lecture. 

The regulation of the a rc requ ires that it be 
exa mined very frequently . This examinat ion 
must be made through sight-holes fitted with 
red or very dark smoked glass . With a fIxed 
installation it is possible to a void looking at the 
arc, the glare of which is more seri ous the more 
freq uently it is experienced, by piercing in one 
of the sides of th e lantern a very small hole 
which acts as a pin-hole (§ 38) , and projects on 
the side of the projection cabin a grea tly en
larged image of the a rc and of the ti ps of the 
carbons. It is then an easy matter to trace on 
the wall (or on a sheet of card hung there if 
necessary) th e norm al posi ti on of the carbons, 
thus allowing t he a rc to be constantly wa tched 
(F. Dogilbert , 1914). 

The lamp having been fi t ted with carbons of 
suitable diameter and of sufficient length to 
last for the required duration of tll e lecture, the 
se t screws are fixed and the carbons are drawn 
apar t until ready t o start. After closing the 
circuit they are momentarily brought close to 
each other 1 t o s tart the a rc, and are then drawn 
apart to the dist ance which experience has 
shown t o be suitable for the normal functioning 
of the arc. If it becomes necessary to touch the 
carbon holders or the carbons during the lecture, 
either pincers or th ick folds of rag must be used. 

794. To supply an arc wi th cont inuous current 
from mains requires that about 60 per cent of 
the energy be absorbed in resistances wi th 
current at a pressure of n o volts ; the loss 
amounts to 80 per cent wi th a current of 220 
volts. In th e case of an install a tion of large 
size, this difficulty can be got over by using the 
current to operate a motor and in turn a dynam o 
supplying current a t about 50 volts, but such 
an outlay is justified only fo r continuous usc . 

Vlith alternating current 2 i t is possible to use 
a s tatic transformer , receiving the current from 
the mains and supplying it a t about 50 volts, 
or an induction coil can be used which in tro
duces a de-ph asage between the electro-motive 
force and the intensity such that the efficien t 
voltage can be reduced t o any required value 

1 I n the case of lamps of h igh power, it is necessary 
to put into the circ ui t a fairly strong resistance b efore 
bring ing the carbons toge ther in order to avoid a 
momentary overload that would blow the f uses . 

2 l\f ai ns supply ing three-phase current do not always 
perm it o f t he use of a powerful arc lam p for two
phase. T he c urrent may be then converted In the same 
ma nner as stated for contin uous cu rrent . 
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(except for a very short moment a fter closing 
the circuit). The efficiency of an induction coil 
is a little less than tha t of a transformer, but it 
costs very much less. 

In all cases it is necessary t o have a slight 
excess of voltage, to be absorbed in a rheosta t 
of variable resistance, so as to ensure perfect 
regula tion . Over-running of the arc can be of 
advantage when projec ting a very dense slide, 
as is usually the case wi th dyed slides or with 
colour photographs on screen pla tes. 

795. The Condenser. The condensers of pro
jection lanterns are similar t o those al ready 
described for use in enlarging lante rns. The 
precautions t o be taken against overheating the 
condenser are all the m ore necessary, as the 
ligh t-sources usually employed for p rojec tion 
work are very much more powerfu l tha n those 
used in enlarging . 

In some cinema projectors, compound con
densers (A. Koehler, 1915 ; L. Lenouvel, 1922) 
have been used. \Vith these an auxilia ry lens 
projects on the gate a sharp image of the rear 
surface of the condenser. Such devices are not 
of general importance in " still" proj ection. 

796. Slide Carriers. Slide carriers of the usual 
type comprise a fixed frame which is slipped 
under the spring pla ten of the lantern stage and 
within which a light holder for two slides can 
be pushed to and fro. When one of the apertures 
in this holder is centred on the op tical axis, the 
other aperture is outside t he lantern stage , so 
tha t slides can be put in or taken out. Stops a t 
each end limit the travel of the holder. T o 
facilita te the removal of the slides, levers are 
usually fixed under each half of the frame, being 
raised on inclined planes when the respective 
aperture has emerged from the fixed frame. 
The slide is thus raised about i in. in its grooves. 

In some carriers, the openings of the go-and
return holder are flt ted wi th adapters in which 
the s lides are placed. In this way slides of 
various sizes, with the picture horizontal or 
vertical, can be shown b y means of one carrier, 
provided a suitable assortment of adapters is 
available. There are also carriers wi th two pairs 
of a pertures, one behind the other, e.g. for slides 
of the British and cont inental sizes. It is neces
sary to re-focus when using successively a front 
aperture and a rear one. There are also slide 
carriers in metal in which each of the holde rs 
is mounted on a revolving pla te, so that the 
slide can be placed horizon tall y or vertically 
as may be required.' 

1 As there is no standard for t he t hickness of t he 

Mention may also be made of the magazine 
carrier which the lecturer loads beforehand with 
slides placed in the order in which it is intended 
to show t hem, and which is actuated from a dis
tance (G. Massiot, 1909). There are also numer
ous automatic devices (used for advertising) 
by which a picture is thrown on a screen. 

797. Projection Lenses. The lenses generally 
used for projec tion work are of the Petzval type 
(§ 98 and Fig. 69) , in rack mounts for focussing. 
Mounts are also used in which may be placed 
intercha ngeable tubes, each carrying a lens of 
di ffe rent focal length.' (See § 807 for notes 
on t he choice of the focal length for projections 
under given conditions.) 

Owing to th e light d iffused by t he lantern 
slide2, the luminosity increases a little when use 
is successive ly made of lenses wit h a rela ti ve 
aperture increasingly la rger beyond the size 
necessary t o pass the beam of "directed " light , 
b ut the contrast of t he image decreases . 

The requirements of cinema projection and 
of proj ection of colour slides have led some 
makers to produce special lenses with the same 
relative aperture as the P et zvallens, but better 
corrected , especially as regards curvature of 
field. 3 In some of these lenses the distance from 
the focal plane t o the pole of the rear glass is 

carrier fo r lantern s lides, i t may happen t hat a lecturer 
taking with him h is own specia l sl ide carr ier may fi nd 
it unusable with t he lantern p laced at hi s disposal. I n 
any case it is w ell to t a k e with one some s lips o f w ood 
o f the same thickness as the carrier in o rder t o stop 
the light issui ng above and beneath the carr ier when 
t he latter is used in a la ntern intended for large r sizes . 

1 All ow ing for losses of light due t o dus t suspend ed 
in the air (and so metimes to smoke) the il luminatio n 
of t he scree n is independ ent o f t h e d istance between 
the screen and the lant er n , s ubject, o n t he one hand, 
to the image being always projected of t he same s ize, 
and, o n the oth er hand, t o the lens transmitting t he 
wh ole o f the light issu ing from t h e condenser . This 
latter condition requires t hat the diameter of t he lens 
is larger accord ing as its focal length is longer, and this 
is unfor tunately not the case with lenses int erchange
able in o ne mount , the inv a riab le diameter I -~ in., 2 ! 

in ., o r 2-1- in. b eing that usually given to a lens of med iu m 
focal length. 

2 By masking the" direct ed" ligh t by m eans of a 
suitably p laced opaque patch. there wil l be seen on the 
screen a partly in verted image (illuminated on ly in the 
medi u m half-tones) formed by t he diffu sed light . t he 
effect be ing to some exten t co mparable t o that obtained 
b y observation in a microscope with dark ground 
ill umi nation (H . J oachim, 1931 ) . 

3 It has been suggested (Swift, 1894) that t he field 
o f very ra pid lenses be flattened b y placing in the fixed 
frame of the slide carrier a plano-concave lens t h e 
plane surface o f which is a s close as possib le t o the 
slide, this lens playing th e par t of the fi eld corrector 
of P ia zzi-S m ith (footnote t o § 51). 
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not more than half the focal length. The rear 
glass is thus quite close t o the slide and can 
utili ze the whole of the beam without the need 
of such a large diameter of lens. 

F or Ian terns used in halJs of very different 
sizes the use has been sugges ted of lenses con
structed on the principle of variable-focus 
telephoto lenses (§ loB) , in order to avoid the 
carriage of a series of lenses of different focal 
lengths (A. Brouquier, 1901). Such an arrange
ment also enables the size of the pictures to be 
changed during one and the same lecture, and 
thus to show on a magnified scale the details of 
a subject after showing it as a whole. 

It is easy to improvize cheaply a projection 
lens of large aperture,but incompletely corrected, 
yet nevertheless quite suitable for projection in 
a hall of very large size where the spectators 
neares t to the screen are some yards away. To 
do this, two plano-convex lenses are assembled 
so as to form a very large " l\.amsden ocular" 
(L. Lumiere, 1924). To obtain a lens of focal 
length F, two identical plano-convex lenses of 
focal length f = liF are obtained and mounted 
with their convex surfaces facing each other, 
at the ends of a tube (or box) of length equal to 
B/9F. It should be borne in mind that the 
nodal points of the whole lens are crossed, their 
separation being equal to 4/9F. 

F or instance, two lenses of 56 in. focal length 
and B in. diameter, mounted at 37 in. from each 
other, will form a lens of 42 in. focal length 
working at F /5·3. 

Testing a projection lens is best done under 
normal conditions of use, employing as a test 
plate a thin plate of metal in which holes with 
clear-cut edges have been pierced. 

798. Cooling Devices. Until recent years, 
overheating of the Ian tern slide (or of the pre
paration, in cases where anatomical or other 
sections are directly proj ected) was avoided by 
a water trough placed in front of the condenser. 
This trough, the sides of which are formed of 
glass, contains either pure water or certain salt 
solutions the efficiency of which has sometimes 
been over-stated. 

Pure water certainly absorbs the 'infra-red 
rays of great wavelength, but not th ose near 
to the visible extreme red, and both kinds 
produce heat only. The absorption of the infra
red can be increased only by the addition to 
the water of a substance of selec tive absorption 1 

1 Alum, w hich is some times recom mended , has no 
effect other tha n that o f clarifying the water if it is 
dissolved before bo iling. Glycerine also is very slightly 

which also absorbs some of the useful light . It 
is obviously necessary to select a salt of which 
a solution of useful strength does not transmit 
light of a very marked colour. For instance, in 
troughs of about 2 in . thickness a 10 per cent 
solution of ferrous sulphate may be used (c. E. 
K. Mees, 1912; this is very oxidizable in spite 
of the addition of a little sulphuric acid), or a 
1'5 per cent solution of copper sulphate, which 
is perfectly stable, may be used (W. Crookes, 
1921). It is best to use distilled water, or, failing 
this, water which has been boiled, to avoid the 
formation of lime deposits on the glass . The 
water trough may be connected to a tank at a 
higher level, so as to ensure a continuous circu
lation, thereby avoiding overheating, with the 
consequent risk of bubbles. The water in the 
trough may be cooled by a coil through which 
cold water circula tes. 

It has been suggested that the light-source 
(incandescent lamps) be immersed in a water 
trough (E. Borlandi, 1912) or to combine two 
water troughs with a slide carrier (P. F6ron 
Vrau, 1921 ) for use alternately. 

In cinema projectors it has been common 
practice for some years past to cool the film by 
blowing moist air against both its surfaces . 

Glasses able to withstand considerable heat
ing, and slightly tinted a greenish blue, absorb 
the greater part of the infra-red rays and absorb 
only a little light. They can therefore be used 
with advantage either separately or as the sides 
of water troughs. They can themselves be cooled 
by having air blown on to them. 

799. Projection of Opaque Objects. "Epi
scopic" projection (by the light diffused by an 
opaque body) is of very low efficiency, since the 
lens collects only a very small fracti on of the 
light scattered in all directions by the opaque 
object which it is desired to project. For this 
reason proj ectors for this purpose did not make 
their appearance until very powerful sources of 
light became available (in this case the t otal 
luminous intensity, and not the brightness, 
must be considered). 

Various patterns have been worked out, 
ranging from t oys intended for famil y use with 
picture post cards to the large educational in
struments which permit the proj ection of the 
pages of an atlas or of objects in low relief 
(medals, botanical specimens, small animals 
being dissected ,! etc.). Some of these instru-

effective except that it raises th e boiling point o f the 
water. 

1 Instruments have been cons tructed that enabl e all 
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ments (epidi ascopes) serve both for episcopic 
project ion and for tra nsparency projection 
(diascop ic projec tion). 

The illumi nation is provided, direct or by 
refl ection from mirrors, by an arc lamp or by 
powerful incandescent lamps. Condensers p re
vent an excessive dispersion of the light , a nd 
ad justment is then made so as to direct one or 
more parallel beams on to the original t o be 
projected. 

In the t oy pat terns and in the sim pli fi ed 
episcopic projectors, the original is int roduced 
in vprtica l grooves, or is placed behind an 
aperture in a vertical pa nel, the lens t hen 
projec ting on the screen a pict ure which is 
reversed as regards left and righ t. ' This fact 
prevents the reading of t itles , graduations of 
cha rts, reference let ters, etc. P refe rable to these 
a re the instruments in which the original or 
objects t o be proj ec ted are placed on a horizonta l 
table. The op tical axis of t he lens is then ver
tical, the emergent beam being then reflected in 
a horizonta l d irection by a refl ec tor (mirror or 
prism) whi ch turns the image the right way 
round and thereby ensures t he picture being 
viewed correc tly on an opaque screen. 

(c) L A N TERN SCREEN S 

800. General Notes. Types and Efficiency of 
Screens. Pictures may be projected on an 
opaq ue screen, th e Ian tern being on the same 
side of th e screen as the spectators (proj ection 
by reflection ), or on a translucent screen, the 
lantern being on one side of the screen and the 
spectators on the other (projec tion by trans
parence) . The choice between these two methods 
usually turns on the nature of the premises. 
Where the slides are shown to ass ist a lecture, 
it is usua lly p referable for t he lanternist to see 
the lecturer because he can then foresee his 
req uirements, collaboration between t he two 
being thereby better assured. Also, for an 
image projected by transparence to be sat is
factorily seen it is necessary that the specta tors 
should view it from a position not far from the 
projection axis, so that t heir number is smaller 
tha n when an opaque diffusing screen is used. 

F or a long time the only screens used were 
opaque ones with a matt surface. Since 1910 
s tages o f a s urg ica l opera tion to be shown in an amp hi
theatre adjo in ing the op erati ng room , so as to avo id 
the prese nce a ro und the s urgeon o f a. nyone except his 
ass is tants . 

1 A co ncave spherical mi rror has bee n e mpl oyed for 
projecting in terference photograp hs (de \Vattev illc , 
19 1 I ). 

screens with semi-diffusing and se mi-refl ec ting 
surfaces (metalli zed screens : J. An derton, 1891 ; 
A. and L. Lumiere, I 90I, etc.) have also been 
used , a very much greater lu minous effi ciency 
being sometimes cla imed for them. A sheet 
newly coated wi th magnesia throws back about 
90 per cent of the light it receives, and a much 
higher effi ciency is inconceivable. The essent ial 
difference between the ma t t screen and the 
metalli zed screen lies in th e manner in which the 
light is distributed by the screen. A mat t 
screen throws it back al most uniform ly in 
all d irect ions ; a spectator viewing the screen a t 
an angle a lmost grazing its surface sees it nearly 
as brightly lit as a spectator occupying a posit ion 
opposite th e centre of t he picture. Wilh a 
metall ized screen , on th e other hand , the maj or 
par t of the light is sent back accordi ng lo lhe 
laws of specular refl ection; a specta tor opposite 
the screen sees it very brigh t ly, but as soon as a 
position away from the perpendicul ar to the 
screen-surface is taken, the brigh tness decreases, 
at first slowly and then wi th increasing rapidity, 
especia lly on th at side of the screen which is 
fa rthest from t he viewer. If a sheet of good
qua lity whi te blot ting-paper be placed aga inst 
the surface of a metallized screen by an assistant, 
the metallized surface will appear much brighter 
than the paper when one faces the screen, but 
the screen soon appears less bright than the 
latter as one moves t o the side. 

A metallized screen and a matt one are there
fore not in te rchangeable. It cannot be said th at 
one is brigh ter than the other. The former is 
better for use in a long, narrow hall of which 
the screen ta kes up nearly the whole width, 
whilst a mat t-surfaced screen is better in a very 
wide hall in which the specta tors in the front 
rows see the screen under considerable obliquity . 

Between the above two ext reme cases t here 
are various inte rmed iate types, usa ble wi thin 
an angle of a bout 30 degrees on either side of th e 
normal; screens with a rough meta ll ic surface, 
metallized screens covered wi th a layer of small 
glass beads in con tact , etc. 

The screens in common use a re of flat surface . 
Under the pretext of sugges t ing a sensat ion of 
relief or of rendering the illumina tion more 
uniform , screens of curved surface have fre
quently been advocated . The fact t hat the 
perception of relief in viewing an image projec ted 
on t o a curved screen depends exclusive ly on 
auto-sugges tion has been establi shed by the 
very people who have devised such screens, for 
not only have they made claims for curves of 
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the most diverse kinds, bu t the number of those 
advocat ing a concave surface is about equal to 
that of the advocates of a convex one. As 
regards more uniform ill umination, i t is no doubt 
correct th at a screen form ed of the concave 
portion o[ a cylinder with a vertical ax is would 
be advantageous if the projec tion were made 
before a single spectator placed, as the lens of 
the lantern, on the axis of curvature of the 
cylinder, but this advantage disappears in the 
case of a spectator removed to any extent [rom 
th is ideal position . 

801. Opaque Diffusing Screens. A screen may 
be made on a wall by a coat of plaster (if neces
sary , hardened with fluosilicic aCid, so as to 
render it washable) or by covering it with a 
washable matt white paint. 

Usually, however, the screen needs to be of 
fabric mounted on a roller like a blind or 
stretched on a fram e. This fram e can be sus
pended from fixed pulleys by cords fitted with 
counterweights , or it may be one which can be 
taken to pieces 1 for occasional use or transport, 
in which case the frame is held up for use by a 
folding support or one that can be taken to 

• pieces. 
Although the screen has sometimes been made 

of American cloth, or oil-cloth, or similar coated 
fabri cs which have the advantage of being easily 
washed, it is usua lly preferred to employ a 
whi te sheeting of close texture. Calico may be 
obtained up t o 9 ft. width, and canvas without 
a join up to 24 ft. If larger than this, the screen 
is made of several widths, the joins being hidden 
by the coating. The coating to be applied (after 
the sheeting has been stretched on its frame in 
the case of a screen not intended to be removed 
therefrom) consists of a white, opaque material 
such as wh itening mixed with glue, or, preferably, 
with the following (Molteni, I 894)-

GUill a rabic • • • I oz . (50 grm.) 

\ Vhitc magnesia (hydrocarbon<ltc) 4 oz. (200 grill.) 

Water, about . • • • 20 OZ. ( 1000 c.c .) 

A very small quantity of glycerine may be 
added to this mixture to render the coating 
somewhat more flexible when the sheet is rolled. 

802. Metallized Screens. The first metallized 
1 In this case the sheet is edged with a w ide hem in 

whic h there arc brass eyelets (of the kind used on 
tarpau li ns) at. about 6- in. interval s. The sheet can then 
be s tre tc hed by a co rd which passes through th e eyelets 
and al so round the fra me; or oppos ite rods of the frame 
may be passed through each of the hems, one s ide o f 
the frame serving as a roller o n wh ich th e sheet is 
wrapped when not in usc , so as to av o id creases. 

screens were made by pasting silver paper on 
canvas. Subsequently such screens have been 
prepared by painting with aluminium, or by 
dusting aluminium on to a surface covered with 
an adhesive varnish . A metallized screen is 
effi cient over a wider angle as its surface is less 
perfec tly refl ec ting and of coarser structure 
(within the limits imposed by the necessity of 
avoiding visible granularity) . F or these reasons 
a metallized screen is sometimes sprayed over 
with a very thin coat of matt varnish or white 
pain t. The suggestion has been made of pro
ducing, prior to metallization, a rough surface 
by coating the screen with an ad hesive on which 
sand, crushed glass, or minute glass beads are 
spread. F or the metallic coating, by dusting on, 
talc , magnesia, or even scales of boric acid, have 
been mixed wi th the aluminium powder. 

On account of the marked differences in the 
diffusing properties of the various commercial 
types of metallized screens, an order for such a 
screen should be given only after making tests of 
samples, so as to judge whether the screens would 
be advantageous in the particular hall where 
it is proposed to use them, and which is most 
suitable among them. The various samples a re 
placed on a sheet of fine q uality white blott ing 
boards. An image is thrown on the composite 
screen thus formed. Then the extreme degree 
of obliqui ty, fo r a given screen, may be taken 
as the angle between the line of sigh t and the 
projecting beam at which the lum inosity of the 
screen just ma tches the luminosity of the white 
blotting card surrounding it (P. Ritter von 
Schrott, I 9I3) . 

As a coati ng use may be made of one of the 
aluminium paints or an aluminium cellul ose 
varnish (preferably sprayed by an air-brush), 
or the following (L. Lobel, I922) : 

In 2 0 oz. (I,OOO c.c.) wate r, slight ly warmed 
in a water-bath, mix-

S lakecllim e • • 

Casei n . • • 

Sodium s il icate • 

• 

• 

• 

. 2GO gr . ( 3 0 g rill .) 

· 300 gr. (35grm .) 

• go gr . ( TO grm .) 

To th is mixture add I75 gr. (2 0 grm. ) of 
whitening, and I75 gr. (20 grm. ) of impalpable 
aluminium powder. 

F or a permanent screen, excelk nt results have 
been obtained (c. W. Gamble, I920) by using 
as a screen a sheet of glass not more th an tin. 
th ick, its front surface being matted with a 
sand-blast, the back surface being silve red. 

803. Translucent Screens, A screen for pro-
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jection by transparence may be a sheet of glass 
matted with a sand-blast, in the case of a fixed 
installa tion of large size, or a fine metal gauze 
or muslin , stretched on a frame and serving as 
a support for a translucent coating (gela tine, or 
cellulose varnish, holding in suspension a very 
finely-d ivided white substance such as alumina, 
barium sulphate, etc.). 

An excellent screen is obtained by using 
tracing paper, or, better still, tracing cloth, sup
plied in rolls of various widths up to about 5 ft. 

Pla in (uncoat ed) calico may be used, but it 
must be wetted to increase its transparency. 
For this purpose a florist 's syringe is generally 
used. To prevent the evaporation of the water 
during the lecture, which would entail re
sprayi ng, the water should con tain about 10 per 
cen t of glycerine, or, cheaper, about 10 per cent 
of the very hygroscopic calcium chloride. 

With too transparent a screen (ground glass , 
thin fabric tissues such as cambric or lawn, etc.) 
the projection lens is seen through the screen 
in the form of a bright spot which greatly inter
feres with the viewing of the picture. Also the 
angle within which the spectat ors may be placed 
is then very narrow. 

804. Daylight Screens. Various a rrangements 
enable pictures to be shown in full ligh t on a 
translucent screen . 

We must part icularly mention the use, 
between the screen proper and the spectators, 
of a translucent curtain, either black or dark
coloured, so that no light other than that of the 
Ian tern reaches the screen except the light 
filtered by th e curtain (Isnardou, I 9II ). It is 
a lso possible to employ screens of translucent 
plast ic mate rial of somewh at dark colour, e.g. 
greenish-grey) , the rear surface of which (turned 
towards the la ntern) is fl at, whereas the surface 
turned to the spectators is ribbed (J. F. R. 
Trceger, 1913)1 The screen is placed so that it 
receives only a little s tray light on its rear 
surface, at least in the direction of the spectators. 

(d) TH E L ANTERN LECTURE 

805. The Lecture Hall. When th ere is occa
sion to build or t o adapt a hall for lantern work 
it is preferable to select a hall which is much 
longer than it is wide, thus enabling advantage 
to be taken of the metallized screens. It is 
obvious tl,at the size of the screen must be in 
accordance with the length of the hall, but the 

1 \ Vc have seen sat is factory projection on s uch a 
sc ree n in the open air in very fine w eather. 

first rows of the a udience must, as far as possible, 
be far enough from the screen to prevent it being 
viewed at an angle of more than 50° (i.e. at a 
distance from the screen about eq ual to its 
width). If the fl oor of the hall is level, the lower 
edge of the screen must be at a greater height 
than is necessary with a hall built like an 
amphitheatre,' more especially so in a long hall. 
If the seats are fixed, they should be staggered 
from row t o row, thus enabling each spectator 
to see the screen between the heads of the two 
people seated in front of him . 

Unless it is quite impossible, the position of 
the lantern should be such th at the optical ax is 
of the lens cuts th e screen in its centre; other
wise it is necessary to de-centre the lens on the 
lantern (§ 785) 2 

In many lantern halls the screen is surrounded 
by a wide matt-black border, the drawbacks of 
which outweigh the advantages . The ideal is 
to surround the screen with a grey tint illumin
ated so that its brightness is about I / roth that 
of the high-lights of the p rojected image and 
three times that of its deepest shadows'" 

806. The Illumination of the Hall. It is 
customary to put out a ll the lights wh ile slides 
are being shown, except for some low-power 
lamps covered wi th coloured filters to indicate 
the exits. It is, however, possible to retain an 
illumination sufficiently bright to permit of 
note-t aking after the eyes have become accus
tomed to it . For this purpose only indirect 
lighting from the walls and ceiling must be 
employed, the sources of light an d thei r diffusers 
being hidden from the eye. A slightly ye llow 
light (lamps with amber screens or dipped in 
amber-coloured varnish) is generally best. 
Except for the lantern screen , no surface exposed 
to the sight of the audience must have a b right
ness greater than 10 candle-metres (the desks 
of the orchestra, if there be one, must be shielded 
from view, since they must be much more 

I I t is not necessary for the firs t rows to be raised in 
tie rs; the s teps need not begin unti l the fifteenth row . 
The average height of a s tep is 6 in . In every case it is 
necessary to make sure, by means of a sect ion drawn 
to scale, that the arrangements will permit of everyone 
having a clear view o f the screen. 

2 I t would be possible to make lantern slid es pur
posely distorted (§ 746) so a s to co mpensate for obl ique 
projection, but it wo uld in volve many compli cations 
when makin g a large number of slides. 

3 \Vhen a doubl e lantern is used, this border could 
be lit by the seco nd lantern, in whi ch a glass could be 
placed with an opaque mask in its centre, the mask 
be ing of approximately the same s ize as the use ful 
portions of the s li des (1<. C. D. Hickman, 1925). 



LANTERN WORK 

brightly ligh ted). T he illumin a tion of a hori
zontal surface a t th e level of the spectators may 
be as much as I candle-metre in the front rows, 
then gradually rising to 2 candle-metre in the 
back rows. These limits may be exceeded if the 
lantern screen is at the rear of a stage and is 
thus protected from the m ajor port ion of the 
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or dimmed except when the first picture is 
about t o be shown. 

807 . Optics of Projection Choice of Focal 
Length Size of the Projected Picture. The fol
lowing three problems may arise in lantern 
practice-

(I ) It is required to find the focal length of 
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FI G. 1 99 . NOl\IOGR A P I-I FOR DIS TANCES A ND FO CA L LENGTH IN P ROJECT ION 

ligh t scattered by the ceiling and walls. The 
illumination of the entrance passages should be 
regulated so that the spectator is brought im
perceptibly from the ligh t outside to the dim 
I igh t of the ha ll (L. A. J ones, 1920) . 

In the m ost usual case wh ere the lighting of 
the ha ll is of either full brightness or practically 
nil, it is advisable that the switches 1 should be 
con trolled by the lanternist, so as to ensure 
that the ligh ts in the hall sha ll not be put out 

1 \>\The re gas is th e so urce of 1 ight, two taps sho uld 
be fitted; one ser ves t o turn all the general lights clown 
to a by-pass, and is used only at the beginning and end 
o f the sh ow, whil e t he other ser ves, by fully opening 
or shutting, to tu rn th e full intensity of t he light on or 
off . 

lens covering sui tably a screen of given size, 
the projector being at a given distance (the 
d istance reckoned from the lens) . If, for exam 
ple, the picture width of the lantern slide is a 
m aximum of 3 in . and if the width of the screen 
is 10 ft. (120 in. ). the ratio between the image 
on the screen and that on the slide is equal to 
120/3 = 40. Now, it is known that to enla rge 
a n image 40 times (§ 62) , the sharp image is 
formed at a distance from t he lens equa l t o 
41 times the focal length. If, therefore , tl.e 
distance from the lens to the screen is 26 ft., 
the focal length of the lens for complete covering 
of the screen will be 26 X 12 -7- 41 in . = 7.6 in. 
As a rule, it is unl ikely that a lens with the exact 
focal length required will be available, and to be 
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certain that the proj ected image will not ex
tend beyond the screen, a lens wi ll be chosen 
with the next greater focal length , e.g. one of 
8 in. 

(2) It is required to calcula te the distance 
(from a screen of given size) of a lantern fitted 
with a lens of given focal length so that the 
projected image may suitably cover the screen . 
The picture width of the lantern slide being 
3 in. (as above) and the screen measuring, say, 
7! ft . (90 in .) , we get the rat io of 90/3 = 30. 
The lens having a focal length of 6 in., it must 
be at a distance from the screen of 31 times its 
focal length, that is, IS! ft. 

(3) It is required to calcula te the size of the 
screen to be suitably covered by a cinema film 
projection (picture portion of film positive about 
17/25 X 23/25 in .) a t a distance of, say, 331 ft ., 
wi th a lens of 5 in . The proportion is obtained 
by dividing the distance from lens to screen by 
th e focal length, and by deCl'eas ing the quotient 
by I uni t , this giving 79 . The dimensions of 
the screen wil l therefore be-

Width . 
l-Icigh t . 

• 

• 

• 

• 

. 79 X 23/ 25 = 73 in . 

. 79 X 17/25 = 54 in. 

A cha rt (nomograph) of the kind shown in Fig. 
199 enables these problems to be solved a t sight 
(L. P. Clerc, 1921). Fig. 199 is worked out for 
the two sizes (16 mm. and 9'5 mm. ) of sub
standard cine film, and consists of three scales, 
viz. : (I ) focal lengths of projection lens from 
~ in. to I i in. ; (2) distances of proj ector from 
screen from I ! ft. to 35 ft., and (3) sizes of 
picture from I ft. to 10 ft. 

By laying a s traight-edge, e.g. a perfect ly 
stra ight ruler, across the chart so that the edge 
falls on marks, on any two scales, the position of 
the ruler on the third scale indicates the dimen
sion required. 

F or example, to find the distance from the 
screen for a 4 ft. picture wi th 16 mm. film, using 
I in. projec tion lens, the required distance is 
9J ft. With 9'5 mm. film, it is lI t ft. 

Again, to find the focal length req ui red for a 
6 It. picture at 8 ft. from screen when using 
16 mm. film, the required focal length is 0'58 in . 

808. Communication Between Lecturer and 
Lanternist. In a well-conducted lantern show 
there should be no occasion for the lecturer to 
address the lante rnist. Th e la tter should be told 
by signal when to begin showing the slides, wh en 
to change the picture, or when to interru pt 
project ion. In a hall used regularly for lante rn 
lectures it is best to arrange two bell pushes a nd 

three wires for working two small lamps clearly 
visible t o the lanternist. A white light, for 
instance, for showing a slide, and a red light for 
interrupting the proj ect ion. An electric bell, 
a rranged to strike once only , or, better, a 
" buzzer, " the sound of which is more smothered, 
may be used, one stroke for showing a slide and 
two for an in tervaJ. 

F or travelling use, there is the "lecturer's 
lamp," a dark lantern for read ing notes by , 
which is fi tted (on the side facing the lanternist ) 
wi th a red window covered by a shu tter except 
when the latter is raised by pressing a lever. 
Another device, acting by sound, is a 
clapperl 

809. Centring the Light Source. The adjust
ment of the position of the light for the uniform 
illumination of the screen is done as described 
in § 759 for regula ting the light in an enlarging 
Ian tern wi th directed ligh t. 

This ad justment should be made before the 
public are admitted, the lamp being then turned 
off. The lens should then be capped either with 
a rotating cover or a metal cap, a nd should not 
be uncovered until after the light is on and the 
first slide is in place ready for project ion . 

8ro. Arrangement of the Slides. Th e slides 
should be cleaned and arranged in their proper 
order before the lecture. Nothing is so disagree
able as the projection of finger-marks or the 
appearance of a picture other than the one 
announced. Care must be taken, when arrang
ing the slides, t o place a ll the same way , as 
indicated by the spots, these being placed 
uppermost, so as t o be readily seen a t the 
moment when they are t aken out of the box by 
the lanternist . 

Avoid having to ask again for a slide which 
has already been through the la ntern , as this 
always leads to the showing of severa l slides 
before the desired one is fou nd, there being 
nothing to single it out. Subj ec ts req uired 
twice in a lecture should be made in d uplicate, 
or, if not, the slide should be bound with white 
binding strips and distinctly marked, a corre
sponding mark being made on a card or cover 
glass placed late r on in the series. 

When slides have been kept in a very cold 
room or have been carried in very cold weather , 
they are I iable to become covered wi th a dew 
when exposed to the air of the hall. It is there-

1 Fail ing these various devices , it is at least possibl e 
to in fo rm the lantern ist of the differen t pauses in pro · 
j ection by p lacing card s, c u t to the s ize o f the s lides, 
at the end o f each series. 
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fore well to wa rm them by putting them in 
racks placed close to a heating apparatus.1 

8 II. Placing the Slides in the Carrier. As 
previously stated, the image can be projected 
on to an opaq ue or translucent screen . 

In both cases the slide must be placed in the 
carrier so th at th e lower part of the picture is at 
the top, i.e. the indicator label in French and 
American slides must be at the top, while the 
spots on English slides must be at the bottom . 
These ma rks must be turned away from the 
lens when the screen is an opaque one, but t hey 
must be t urned towards the lens when showing 
through a screen. . 

Before the lecture starts, the lantern ist should 
sa tisfy himself that the slides handed to him 
bear the spots 2 and that they a re a ll placed the 
same way. Failing numbers or other indicat ion, 
he should ascertain from the lecturer whi ch is 

1 A ho t water container Illay be placed in the lantern 
sl id e box. This warmer is best mad e o f copper, and 
sho uld be fi!l ed with a solut ion of sod iu m acetate 
sat urated at boilin g poi nt. Such a heater, warm ed to 
1 700 F. on a water-bath , w ill cool fai rly rap idly to 
abo ut T35° F ., and then remains for a very long tim e 
a t that temperature. 

2 The lantc rn ist sho uld always have rcady g umm ed 
spo ts to mark slides handed him unmarked (this wo rk 
is bes t done in consultation with th e lectu rer), and a lso 
p icces o f g umm ed black paper to cove r up m a rl{s w hi ch 
have been obv iously wrongly placed. 

the first slide to be shown. The slides must then 
be placed a t the side of or below the lantern, 
placed on edge in a long box, if possible facing 
the same way as they will be in the slide carrier, 
so that it will be unnecessary to turn them 
round before placing in the carrier. If it is not 
possible t o replace them after use in the same 
box without risk of confusion, another box must 
be provided in which they must be put as each 
one is taken out of th e lantern. A careful 
lanternist will return the set of slides entrusted 
to him in such a cond it ion th at they can be 
shown again without a ny need for re-arrange
ment and even clean ing, the s li des bei ng never 
touched with th e fingers except in the parts 
covered by the masks. 

After the last slide has been shown, the lamp 
must be put out , but as far as possible it is 
necessary t o a void opening t he lamp-house 
while it is sti ll very hot, or at least it must be 
closed again im medi ately, so as not to produce 
draughts of air liabl e to cause cracking of the 
condenser. Some lanternists fit a shutter of 
asbestos inside the lamp-house. This is closed 
from outside by a lever , a nd protects th e con
denser before th e doors of the lamp-house are 
opened. The lan ternist should then cover the 
wh ole of the lantern with a n old rug, for th e 
purpose of causing it to cool slowly . 



CHAPTER XL VIII 

STEREOSCOPY 

(a) GENERAL CONSIDERATIONS 

812. The Sensation of Relief. We have already 
seen (§ 30) that the two determining causes of 
the sensation of relief are the dissimilarity of 
the two images seen separately by t he eyes and 
the variation in the effort of convergence of the 
two ocular axes. We have also seen that in 
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P H OTOGR APHY 

proper circumstances , by v iewing two perspec
tives of the same object, th e two viewpoints 
being a distance apart equal to the separation 
of the two pupi ls, we obtain the sensation of 
seeing the obj ect in relief (stereoscopic vision). 1 

1 Stereoscopic re lief must not be con fused with th e 
s light illus ion o f rel ief seen whe n examining certain 
pho tographs through a large cI iam e ter lens , or by 
refl ection in a concave mirro r. This illus ion, cl ue to 
the consid erable cu rvature o f th e fi eld o f the virtual 
image, on ly occurs w hen the neare r objects occupy the 
marginal part of the phot ograph. (Street or lane of 
t rees viewed alo ng its axis.) 

It is, however, necessary to emphasize at the 
outset that stereoscopic production of relief is 
regulated not only by geometric considerat ions. 
While these certainly playa primary part, in 
stereoscopic vision, more even than in binocular 
vision, there is a lso a psychical element in the 
process, the nature of which is imperfectly 
understood. When examin ing the same images 
in the same stereoscope adjusted each time for 
the best effect, different observers get very 
different impressions of the amount of the 
relief. 

A person having eyes symmetrically placed, 
equal and free from aberra tion, can see rapid ly 
and wi thout effort t he relief of a stereogram (a 
combinat ion of the two perspectives correspond-
ing to the two eyes placed side by side) correc tly 
mounted and examined in a properly ad justed 
stereoscope. H owever, the adaptabi!ity of the 
eyes plays an essential part in the appreciation 
of very slight reliefs, which a re often only 
visible after several minutes' atten t ive observa
tion. 

A person wh ose eyes are uneq ual or as tigmatic 
sees relief normally if he retains for stereoscopic 
viewing the correcting glasses necessary for his 
ordinary vision. But a subject whose defects of 
vision cannot be corrected (d iplopia, s trabism, 
etc.) is obviously as helpless as a one-eyed 
individual where stereoscopic vision is con
cerned. 1 

The distance between the centres of rotation 
of the two eyes, equal to the d istance from 
centre to centre of the pupils when looking at a 
distan t object, varies greatly from one individual 
to another, according to race, sex, and age. 
Its mean value is generally greater for men than 
women; in adults it is generall y between zl in 
and 3 in . (54 and 76 mm.), the mean adopted 
being about zt in. (63 to 65 mm.). 

813. Stereoscopic Photographs. Two photo
graphs T and T' of the same object ABe D 
(Fig. zoo) are taken under the same conditions 

1 At the time when s tereoscopic photography was 
introd uced into France, n on e o ( th e members o f the 
Section de Physiq LIe de l' Acadc lll ie des Scien ces were 
physiologically capable of perceiving s tereoscopic rel ief, 
and the princi p le would h ave b een offic ially cond emned 
had not a member of I' Academie, the c hem is t R egnaul t, 
happily endowed with two normal eyes, intervened. 
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from two points of view 00' (separated by a 
distance eq ual to the mean inter-ocular dis
tance) simultaneously, with two identical lenses 
on two plates similarly situated, or in succession 
af ter shifting the camera parallel to t he plane 
of the plates, From the two negatives T a nd 
T' a re taken two positives T, and T,', and, the 
eyes occupying the position previously occupied 
by the lenses, each positive is placed opposite 
the eye to which it corresponds at a distance 
OPI, O'P 'I equa l to the principal d istance OP, 
O'P', It is necessary to give the principal points 
P P ' a separation eq ual to the separation 00' 
of the lenses and the eyes; the image of each 
poi nt is then situa ted on the visua l ray through 
the point in ques tion, 

Examination of one of these photographs by 
the corresponding eye (the other being closed) 
will give, from the point of view of perspec tive , 
the same sensat ion as the object itself. The 
simultaneous examination of two images will 
g;ve us the sensation of shape , size, and position 
whi ch we perceive in exam ining the objec t 
itself, the reconstructed object being identical 
with the obj ect photograph ed , 

A transparency, being of bet ter gradation and 
easier to illuminate than a paper print, a lways 
gives a more perfect illusion , It may be noted 
that once the two transparencies are correc tly 
assembled, they can be examined in the four 
possible positions without modifying the in
tensi ty of relief or the form of the object; only 
its d irect ion of presentat ion being changed, 

814, Limits of Perception of Binocular Relief. 
An observer, viewing a point A situated in front 
of a plane P (Fig, Z01) and closing alternately 
the two eyes, sees the point A projec ted alter
nately at ay and ad' Binocular vision shows us 
the point A detached from th e plane P if t he 
distance a (= (l ya,,) is at least eq ua l to the limit 
of resolution of the eye at the distance in ques
tion, 

Taking l / Z,OOO radian as the mean sharpness 
of vision a nd z~ in , as the mean separation of 
the eyes, and calling d and d' the distances of 
the point A and the plane P from the observer 
(all distances being measured in inches)
from the similar triangles AOuO" and AayA d 

we ge t 

(l d' - d 
- ---;-

Z'5 d 
whence 

d' 
d =--

a - + 1 
Z'5 

and since , at the limit, a = d'/z,ooo, we find 

for the distance of a point A from the back
ground P 

d / d' 
\, 1 + o'oooz/d' 

I I \ 

d - d' ) o'oooz or 

The zone of depth d' - d in front of a plane in 
which all objec ts appear to be in the plane P 
is sometimes termed the neutral zone , and th~ 
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ad ag , , , , , , 
A , -----\ , , , , , , , , , , , , , , , , , , , 

d ' , , , , , , , 
, , 

d 
, , , , , , , , , , , , , 

, , , , , , , , , , , , , , , , 
, , , , , , , , , , 

~' , , , 

e· . Ll ._------

0 Od 
, , 
. ;.. .... L b ...... ·~ 

F IG. 20 1 . ZONES IN BINO CU LAR 

VIEWING 

depth d, measured from the observer in which 
binocular relief can be appreciated, t he efficient 
zone, The following table gives the depth of the 
effi cient zones and neutral zones for various 
distances of background-

Distance o f D epth of efficien t Depth o f ne utra l 
backgr ou nd. zone. zone. 

Metres :Metres l\'Ictrcs 

I 0'992 '008 
3 2'93 '07 

10 9'28 ' 72 
30 24'4 56 

100 56 '5 43' 5 
3°0 9°'7 209'3 

1 ,000 I 15 885 
OC 13° OC 

815, Increase in Range of Stereoscopic Relief. 
There are two ways of extending the limits of 
perception of relief and of deCl'easing the depth 
of the neutral zones, 

By the use of a binocular system (binoculars, 
field glasses) magnify ing n times one can resolve 
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an angle n times as small. At great distances 
the depth of the neutral zone is thus reduced 
to rln its original depth, and th e sharpness of 
vision of relief is n times as great. 

By the use of a system of mirrors mm, j1,l[ NI 
(Fig. Z02 ) of the telestereoscope of H elmholtz 
(r 8S7) , which enables an observer t o use as 
viewpoint instead of his eyes at ~uOd two virtual 
eyes O/Od',m times as far apart, the distance 
between the two proj ections of the same point 
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(H clmolt z) 

on the background (§ 8 r4) is increased 111 times; 
this red uces the depth of the neutral zone to 
rim of its original value and gives a power of 
perception of relief m times as great. 

These two methods put in the place of the 
object examined a virtual object simil ar to the 
object itself, and sit uated in the effi cient zone 
of perception of relief. In the case of the 
telcstereoscope the v isua l rays used com ing 
from the object ABeD appear to come from the 
object abed, forming a model reduced in the 
ratio rim and situated at a distance from the 
observer equal to rim of the distance of the 
object in question. 1 

1 In prism binoculars and st ereoscopic telemeters 
these two methods of increasing relief are combined . 

• 

The same means can be used to increase thc 
intensity of relief in the examination of stereo
scopic photographs and extending the range of 
the stereoscopic vision. 

In general it would be fruitl ess to attempt to 
augment the power of separat ion by examining 
photographs under high magnifica tion, but one 
can at least examine at short distance photo
graphs taken at great distance, bearing in mind 
that under these conditions the reconstructed 
object is no longer similar to the original, but 
is a deformation of it (§ 27 and § 8zz). 

Increase of the base (distance apart of the 
two viewpoints or stations) is the most usual 
means of reproducing stereoscopically objects 
situated outside the range of stereoscopic vision 
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FIG. 203. STEREOSCOPY WIT I·! \ V I DELY 

SEPARATED VIEWPOINTS 

whatever the distance of the objects from the 
observer may be. Stereoscopic photographs 
have been obtained of the safellites of J llpiter, 
and even of stars, with bases oj enormous 
length obtained by the displacemcnt of the 
earth in its orbit. Bases of the order of a mile 
are frequ ently used in aerial photography at 
high altitude. Bases up to r oo yards are used 
on the earth to obtain stercograms for the con
st ruction of mapsl 
The redu ctio n of the apparent d imcnsions of the obj ect 
viewcd is usually co mpensated in the telem et ers by 
makin g the mag nification at least equal t o the ratio 
of the distance apart of the objectives to the d istance 
apart of the eye pieces. 

1 Inversely, bases smaller than the separation of the 
eyes are used for stereoscopic photography of small 

. _ . .. . . __ .... _ ----_. _ .. _._-_ ._- _._-------------------------------------------- ---
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This process is usually known as stereoscopic 
phot ography with a large base; also under the 
name, incorrect in our opinion, hyperstereo
scopic photography . 

Ta ke two photographs l' and 1" of a distant 
obj ec t A BeD (Fig. 203) , the camera being 
moved horizontally in a direction parallel to the 

plate between the two 
exposures. The lens th us 
passes from the posi tion 
o to the position 0 ' such 
that 00' is m times the 

Negative from glass side separa tion of the eyes . 

Posi tive (d irect) 

Pos it i ve (transposed) 
F IG . 2 04. T RANS PO SI TIO N 

O F TH E STEREOSCOPIC 

PAIR 

E ach of the prints 1'1 
and 1'1' observed with 
one eye occupying the 
position of the corres
ponding viewpoin twill 
give us the same sensa
tion as that experienced 
in observing the obj ec t 
directly from the corres
ponding posit ion. 

Place the two phot o
graphs side by side, 
ta king account of their 
orientation (left and 

right ), and separate their principal points by a 
dista nce equal to the mean distance between the 
eyes ; and examine the result in a stereoscope, 
the eyes being pl aced a t 0 and 0 " opposite the 
principal points at a dist ance from them equal t o 
the principal distance . vVe shall then experience 
the same effect as we should obtain by viewing 
direct the obj ect abed, which is a red uced model 
of the obj ect ABeD in the ratio rim and situated 
a t a distance m times as ncar 1 Photographs of 
this reduced model taken from th e positions 0 
and 0 " would give exactly the same effect as 
photographs of t he real obj ect ABeD t a ken 
from positions 0 a nd 0' . 

8r6. Stereoscopic Transposition. In the usual 
prac tice of a mateur stereoscopic phot ography, 
the two negat ives of the stereoscopic pair 
are taken simultaneously on th e same plat e 
objects , partic ularly in photo-micrography, where the 
base is ofte n of the order of 1/25 in. or cons iderab ly 
less . 

1 It is easy t o verify this fact by the follow ing 
reasonin g (G . Cordonnier, 193T ) : if t he projections o f 
the optical axes (in th e posit ion a s when tak ing a 
photograph ) b e drawn on the ground , these t wo lines 
will appear at t he separa tion o f the eyes when examined 
s tereoscopicall y becau se each of these lines occu rs in 
the same vertical plane as the axis of t he correspondi ng 
ocular; the entire land scape is e videntl y reduced in 
the sa me proport ion. 

in a camera fi tted wi th two lenses and 
divisions. 1 

It can easily be seen (Figs. 200 and 204) th at 
in order to place before each eye in its correct 
positi on the image corresponding with it, it is 
necessary t o separate the two images, turning 
each through r 80 0 t o compensat e for the rota tion 
through 180 0 suffe red by each in the camera . 

Instead of cutting the positive transparency 
and then transposing the images, it is better 
to print in two stages (Fig . 205), printing on the 
right half of the pla te the right-hand image 
which appears on the left -hand side of the 
negative viewed in the normal way , and then 
on the left half of the pla te the left-hand image 
which appears on the right side of the negat ive. 
The name "reversing frame " by which tIle 
printing frame used in this transposition is 
known, and the instructions which accompany 
its description in some catalogues, have led 
some photographers t o imagine that for correct 
vision of a stereoscopic pair one must present 
the image formed by the right-hand lens to the 
left eye, and vice versa, whereas the t ransposition 
is made solely for the purpose of placing the 
left image before the left eye. Without this 
precaut ion, the left image would appear if' 
front of the right eye, and vice versa. 

8r7. Pseudoscopic Pairs. vVhen two perspec 
tives of a geometric solid are viewed in a stereo
scope, the left perspective being presented t o 

FIG . 205. T RA NS POS ITION IN S TEREOSCO PIC 
P RINTING 

the right eye, and vice versa (e.g. the two draw
ings of a dodecahedron reproduced in Fig. 
206), the faces which in normal vision appear 
in front will appear behind (and vice versa), the 

1 In all cases when a stereoscopic catT"lCra ut ilizil\ g a 
s ing le plate is used fo r two successive exposures, for 
photographing v ery d istant or very ncar obj ect s, it is 
easy to reg ister the tw o images in such a w ay that the 
negativ e d oes not require t ransp osition. I t is only 
necessary to take the left -h and v iew with the right 
hand lens , and v ice versa , the distan ce moved betw een 
the two exposures being thus in creased by t he d is tance 
between the lenscs. 

• 
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reconstructed solid being thus the inverse of the 
original objec t, th e reliefs appearing as holl ows 
a nd the hollows as reliefs. This phenomenon is 
generally known as pseudoscopy . 

If a pair of stereo photographs whose images 
ha ve not been transposed is examined in the 
usual way (e .g. if the pair consists of the two 
images produced in a stereoscopic camera fitted 
with two lenses) , an analogo us phenomenon 
tends to occur, bu t ve ry often the stereoscopic 
e ffec t is opposed to the perspective , and some-

When one of the negatives of a stereoscopic 
pair is useless, an amateur will sometimes take 
two prints from the good negative, making what 
is known as a planoscopic pair. The viewing of 
such a pair in the usual stereoscopic manner, 
each eye occupying the viewpoint of one of the 
images, which is merely the normal condition 
of monocular vision of a photograph (§ 27) , often 
gives a certa in appearance of depth ; it is not 
comparable with t he t rue stereoscopic effec t, but 
sufficient t o cause a planoscopic pair to pass 

V IG . 206 . P S E UDOSCO PIC R E LI EF 

tim es even contradicts common sense, an obj ec t 
part ia lly masking another often appearing 
behind t he objec t it hides. 

There are, h owever, cases where the inversion 
of relief by the examination of pseudoscopic 
pairs affords a useful control of deductions made 
from stereoscopic photographs1 by eliminating 
all the effec ts of a uto-sugges ti on in the percep
tion of shape. Such is the case , for example, 
in radiography, where pse udoscopic vision may 
be used to reverse the perspectives , thus bringing 
the further objec ts to the front for examina tion. 

818. Planoscopic Pairs. Two identical pers
pec tives 2 obviously cannot give a stereoscopic 
effect, for there is no varia tion in th e convergence 
of the optical a xes when objects a t different 
distances are exa mined . 

1 If a n obj ect A is fo ur ti mes a s fa r from t he observer 
as a s imilar object n at t he ti me of taking t llC p h oto
graphs, its image wi ll be o ne-fou rt h t he s ize of t ha t of 
B. In pseucloscopic ex amination A a p pears fou r t imes 
n earer than B , where it b ecomes four tim es as la rge 
as 13; as it is, on the contrar y, fou r times s maller than 
B , it wi ll appear to be si x teen times smaller than 
B ; t he size attributed to obj ects var ies, t herefore, as 
t he sq uare of t heir dis t ances (E. Coiardeau , 19 [6) . 

2 \N he t hcr taken {rOTn t he same viewp oint or from 
t wo p oin t s insufficiently separated relative t o t he 
d is t ance of th e obj ect. 

unnoticed by an inexperienced eye in a series of 
stereoscopic pairs. 

(b) G EOME TRICAL C ONSID E RATI ONS ; DEFORM

ATIO N OF THE RECONSTRUCTE D O BJ ECT 

819. Corresponding Points Variations of 
Their Separation. Th e pairs of points appearing 
one in each image of a stereoscopic pair and 
corresponding with a single point in the object 
are termed homologous (corresponding) points. 

Consider (Fig . 207) two photographs T and 
1" taken from two po in ts Sand S' , the optical 
axes SP, S' P ' being parallel and perpendicula r 
t o the base SS' , the images T and 1" are in the 
same plane, which we will assume vertical, the 
optical axes being then horizon ta l. The two 
images rr' of a point R at infinity appear at a 
distance rr' apart equal t o th e distance PP' of 
the two principal points and the distance SS ' of 
the viewpoints. 

The two corresponding points aa' of a point 
A at finite di stance are farther apart. Draw a 
line through S parallel to S' a,' cutting the picture 
T in a" ; the length aa" represents the varia tion 
of separa tion of corresponding points in pass
ing from a point at infinity to the point A in 
question. 
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Denote the length of the base 55' by b; let 
F be the common principal distance of the two 
perspectives (equal to the focal length if the 
camera is focussed for infinity) ; d is the distance 
from the point A to t he base 55' , and e the 
increase of separat ion of the correspond ing 
points. From the simila r triangles 5A5' and 
a5a" we ge t the relation e = bF jd; we thus see 
t hat the increase in separation of the correspond
ing points in passing from a point a t infmity t o 
a point a t finite distance (the increase being 
measured on the negatives in the same position 
as when recording the images) is proportional 
to the distance apart of the viewpoints, to the 
principal distance, and inverse ly proportiona l 
to the distance d (§ 60) of the points conside red. 
It will be noticed that th e value (b + e) of the 
separat ion of corresponding poin ts is constant 
for all poin ts in the p lane A C, which passes 
through the point A and is perpendicula r to the 
optical axes ; its value will be smaller for more 
distan t planes a nd greater fOF planes nearer the 
camera. Conversely , in a stereoscopic pair taken 
under normal condi tions, all corresponding 
points having the same separation correspond 
with points in t he object situated in the same 
front plane. 

On transposition, the differences of separati on 
between corresponding points on the positives 
T , a nd T/ re tai n the same va lues, but in the 
inverse sense; the nearer the obj ec t point was 
to the observer , the less the sepa rat ion of the 
corresponding points , which causes the variation 
of convergence of the optical axes in the same 
sense as when the object itself is exam ined. 

820 . Parallax. The angle sub tended by th e 
base a t the point A, 5A 5' (Fig . 207), is termed 
the parallax of the point A. Noti ce th at there 
is no relat ion between the para llax and the 
separation (or variat ion of separation) of cor
responding points. We have seen that this 
se para tion is constant for a ll points of th e space
obj ec t in the same front p lane, wh ilst the paral
bx is constant for all points of t he space-object 
situated on the circumference of a circle drawn 
through the points 5 , A, and 5' , and thus for 
a ll poin ts on the surface generated by the 
rotation of the circle a bout the base 55' . 

Considerations of parall ax are o[ little im
portance in stereoscopy, and the subject is 
only mentioned here owing to the confusion 
which sometimes a rises between it and the idea 
of separa tion of corresponding poin ts in the 
minds of many students of the subj ect. 

821. Deformations of the Reconstructed Object 

Due to the Circumstances in which the Photo
graphs are Taken. In th e various cases hitherto 
considered we have always assumed the images 
of the two perspectives to be in the same plane, 
and the optical axes perpendicular to this plane, 
and therefore parallel. Under these conditions 
the reconstructed obj ect is simila r to the obj ect 
itself if viewed correctly in the stereoscope. 

It has often been sugges tedj tha t for stereo
scopic photography the axes of the two lenses 
should converge on t o the point of interest in 
the subj ect t o be photographed, in the same 
way as the eyes converge on an objec t. This 
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reasoning by analogy is unsound, since it 
neglects an extremely important difference 
between the eye and the photographic pla te, 
the ret ina being approximately spherical whilst 
the plate is flat. The fact tha t the two images 
are generally brough t in to the same plane for 
viewing causes, on one hand, a discordance 
which, in the part of the field common to the 
two images, prevents their stereoscopic fusion 
to some extent, a nd, on the other hand, in the 
parts where this fusion is possible, occasions a 
deformation of the reconstructed obj ect. 

It is easy t o show geometrically,l and to 
verify it experimentally, that all the points on 
a cylinder, generated by a vertical, having for 

1 The reader in terested in t he various de formations 
aris in g fro m a no malies in the circumstances in which 
stereoscopic pictures arc taken or viewed wi ll fll1e1 a 
mathe matical study of these deformations in Applica
tions de la P hotogmphie A erienne, by L. P . Clerc (Paris, 
1920). Part I V, Chapter V. 
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directrix the circle drawn th rough the two view
points a nd the point of convergence of the axes 
(someti mes called the hoyoptic circle) appear, 
when viewed stereoscopically, to be sit uated in 
a front pl ane. Points inside th e horoptic cylinder 
sit uated on cer tain ellipses (or more exactly on 
cylinders having the ellipses for direc trices) 
containing the two viewpoints, and having their 
major axes parallel to the base, appear a lso in 
front p lanes, as do also points outside the horop
tic cylinder situated on ellipses con taining the 
two v iewpoints and having major axes per
pendicular to the base, ellipses of which the 
curvature is greater the greater their dist ance 
from the base, appear also in front p lanes. 
Conversely, points located on front p lanes 
appea r to be situated on convex cyli nders of 
greater or less curvature accordi ng as the dis
tance from the base is greater1 

Another deformation occurs if the optical 
axes, through remaining parallel, are not per
pendicula r to the base ; the two pictures a re then 
not in the sa me plane, but in parallel planes. 
This condition is often produced accidentally 
when taking stereoscopic negatives by two 
successi ve exposures of a single camera by 
displacement . This does not occur if the neces
sary preca utions a re taken to ensure th e correc t 
p lacing of the camera in the two positi ons. 2 

In th is case there appear as front planes 
(relat ive to the d irection of the optica l axes) 
inclined planes, of which the incl ina tion is equal 
and opposite to that of a plane d rawn th rough 
th e two viewpoints perpendicular to the plane 
whi ch conta ins the optical axes (st rictly , these 
surfaces a re the surfaces of parabolic cy linders 
with such small curvature that they can be 
regarded as planes, even when extended over a 
conside rable field). 

1 At least o ne cas::! can be c ited in w hi ch stereoscop ic 
photogra phy is o n ly poss ibl e by a geome tri c method 
equi valen t to photography with converg ing cameras. 
Ste reoscopi c photography o f the m oon is on ly possi bl e 
owi ng to the libration o f that bod Y I i ,c. a period ic 
osc ill ation exposing o n each s ide of the mean edge a 
narrow strip of abo ut 8°, The pai r co ns ists of two 
photographs taken at the two e x tre me phases o f thi s 
l ibra tion . The exaggeration of relief wh ic h resu lts fro m 
the convergence of the axes toward s the ce ntre o f our 
sate llite is co mpensated for (§ 822- I ) by the fac t t.hat 
the images are always v iewed a t a mu ch smaller dis
tan ce th an t he principal di stance (equal to th e focal 
distan ce of the telescope used) . 

2 This cond ition occurs freq uently in aeri a l ph otog
raphy when the optical axis is no t exactl y vertical, 
and the photographs are taken at the same alt itude; 
o r, if the optical a xes are vertical, it may oct:ur if the 
p ict ures are taken a t d ifferen t altitudes. 

822. Deformations of the Reconstructed Object 
in Stereoscopic Viewing. Various deformation s 
arise when examining a normal stereoscopic pair 
under abnormal conditions. These deformations 
are the same as those whi ch appear in monocular 
exa mination of a perspective when the eye is 
not placed at the viewpoint (§ 25), but with the 
sensati on of a quas i-materia lization of the 
deformed object owing to th e bin ocular vision. 

(1) The most frequent deform ation is that 
caused by viewing a ste reogram with the eyes 
placed at a dis tance other than the principal 
distance from t he p hotographs. The dimensions 
in depth then appear either compressed or 
extended , relat ively to the transverse dimensions. 
accord ing as the distance of viewing is smaller 
or greater than t he principal distance. If one 
considers an object whose dep th is only a small 
fraction of the distance at which it is examined, 
close or dista nt examination increases or de
creases the apparent transverse dimensions 
without increasing the relief; for example, a 
cube resting on a table with one of its faces 
perpendicular to the direction of vision appears 
as a rectangular para llelopiped with a square 
base when v iewed at a d istance other than the 
principal distance. The th ickness of the sol id 
thus formed is invariable, but t he dimensions 
of the front and back faces appear greater the 
smaller the distance from which it is examined . 

(2) Assume that t he eyes are placed at a 
distance from the stereogram equal to the 
principal distance, and t he line joining the 
principal points is equa l and parallel to the line 
joining the centres of rotation of the eyes of the 
obser ver. Assume also that the eyes clo not 
occupy the viewpoin ts (decentring of the eyes 
relative to the stereogram). The diffe rent planes 
of the obj ect thus formed slide on one another 
without a ltering their respective distances, the 
object thus suffering a twist such that lines of 
th e obj ect perpendicular to the plane of the 
s tereogram appear as oblique lines parallel to 
the lines joining each eye to the corresponding 
principal poin t. A cube photographed under 
the same conditi ons as in the preceding case will 
appear as a parallelopiped with sq uare base but 
having four edges parallel to the direction in 
which the principal points are viewed. 1 

(3) Much more serious deformation s occur 

1 T he two deformations cons idered above arc par
t icularly ea .. sy to o btain durin g a dcmonstratio n o f 
s tereoscopic projectio ns (§ 85 7) or in the examinat.ion 
of anag lyphs (§ 856) . wh en one m oves relati ve to the 
screen or picture. 
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when the separation of the principal p oints of 
a stereoscopic pair 1 is not equal t o the separa tion 
of the eyes of the observer. If the separa tion of 
the eyes is greater than tha t of the principal 
points, a cube photographed as in the preceding 
case will appear as a species of the trunk of a 
pyramid seen from its larger end , and of sm aller 
depth th an the actual cube. Conversely , if the 
separation of the eyes is smaller th an tha t of 
the principal points , the reconstruct ed solid will 
be a kind of pyramid trunk seen from its smaller 
end and of greater depth than the cube. In both 
cases th e scale of depth is affec ted; an obj ect 
pl ane drawn half way between the front and 
the back face will appear, in the first case, nearer 
the back face , and, in the second case, nearer the 
front face . 

The three deformations which we have con
sidered can be underst ood by imagining the 
visual rays t o be replaced by elastic thread, so 
th at in regist ering the elementary perspec tives 
and in viewing the pair these t hreads are a ll 
the time a ttached t o every point of the per 
spectives, and follow the eyes of the observer in 
all positions. 

It is obvious tha t several conditions of viewing 
a stereoscopic pair may be v iola ted at once ; the 
resulting deformation is the sum of th e elemen
t ary deform ations. 

823. Consider a stereoscopic p air v iewed 
under the correc t conditions, and suppose each 
image turned th rough the same angle about its 
principal poin t . If the reliefs of the recon
structed obj ects a re feeble rela tive to the 
distance of the object itself, stereoscopic vision 
remains possible, but the relief diminishes m ore 
and more until it vanishes at a rotation of goo. 
After this, it gives a pseudoscopic effect of 
increasing intensity until a rotation of 1 80° is 
obtained ; the same phenomena then repeat 
themsel ves in in verse order. 

Such anom alies obviously cannot occur in 
subjects where vert ical lines appear, but every 
precaution must be t aken t o avoid it in the case 
wh ere there is nothing t o give a sense of depth 
in one of the pictures by itself; this is often the 
case in various scientific or technical applica ti ons 
(aeria l phot ographs taken verti cally, astronom
ical sub jects, p hotograph s of fossils, anatom
ical prepara tions, phot o-mi crography, etc.) . 

824. Range of Stereoscopic Vision. By reason 

1 \\' hcn the examinatio n is effected by means of 
a,n optical instru ll1ent, the pri ncipal points th emselves 
mu st no longer b e considered, but the prin ci pal points 
of the vi rtual images formed by the instrument used . 

33-(T ·5630 ) 

of the aberrations of the lens and the gra in of 
the ph otographic image , the values previously 
calcula ted (§ 8 14) for the range of direct bin o
cular vision cannot be used in the case of 
stereoscopic photographs taken from a base 
equal t o the separati on of the eyes . The values 
calculat ed for the exten t of the effective zones 
are the maxima, whil st t h ose for th e extent of 
the neutra l zone are th e minima . 

In th e m ost favourable circumstances th e 
range of stereoscopic ph otography is not as 
much as 80 yd. When using obj ect ives of short 
focal length and rapid emulsions with pro
nounced gra in, the stereoscopic range sometimes 
does n ot exceed 16 yd. This is why it is usual, 
in stereoscopic photography of landscapes, to 
include in the field a near obj ect serving to 
enhance the sensati on of relief, in the manner of 
a mat erial foreground in a diorama. 

These ranges a re obviously very different 
when th e base is smaller or larger than th e 
separation of the eyes. If, for example, a pair 
t aken from the two extremities of a base of 
length B with a principal d istance F is examined 
at a distance / from the pair (or wi th eye pieces 
of focal length /) , varia ti on of separation between 
the pairs of corresponding points of two obj ec ts 
situated respect ive ly a t distances d and d' is 

e - e' = B F ~ - ~ , 

so that , for corresponding poin ts of the recon
structed solid t o appear at different distances, 
it is sufficient tha t the variation (e - e') is greater 
or equal t o the limit of separation / / 2,000, th en 

I I \ / 
d -(f ;; 2000BF 

/ BF 
d '\ J BF 

2 0 0 0 + d' 

or 

Ta king, for example, the values 

/ = I O cm. F = 50 cm. B = 2 00 m. 

we find as range 2,000 kilometres and as depth 
of the neutral zone 2 metres to 2,000 metres, or 
o· 5 metres t o 1 ,0 00 metres. 1 

It will be n oticed that if the distance from the 
background rem ains the same, the ex tent of the 

1 T he value F / 2000 , chosen arbitrarily for the resol v
ing power of the plate, woul d correspo nd here to the 
separat ion of images less than nCo in ., a cond it ion o nly 
realized with slow plates, such as arc used in map 
su rveyi ng by st ereoscopic methods from stations o n t he 
ground . 
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neutral zone is constant if, all other conditions 
remaining the same, the product BF of the base 
and the principal distance is a constant. To 
obtain at different distances d' stereograms of 
the same power (same extent of neutral zone) 
the product BF must be varied proportionally 
to the square of the distance d'. 

825. Normal and Exaggerated Relief. The 
relief perceived in the viewing of the stereogram 
of a very distant object or an object of micro
scopic size is often said to be exaggera ted. But 
without this exaggeration it would be useless ; 
our eyes would not be able to perceive the relief 
of a distant range of mounta ins, or of the ground 
as seen from a n aeroplane, or of a microscopic 
preparation. 

An object a, In times as small as an obj ect A , 
and situated m times as near, gives a sensation 
of relief In times as great, a nd it is here that the 
large bases become useful in stereoscopy. 

If it is correct to say that, under certain condi
tions, the sensat ion of relief is much more pro
nounced, it is not correct t o speak of exaggerated 
relief when the reconstructed object is similar 
to the obj ect itself. the stereogram being viewed 
under normal condi t ions. 

One should avoid as fa r as possible the use of 
the expression exact relief. If under certain 
conditions we can obtain a stereogram which, 
co rrectly viewed, suggests perfect similarity 
between a relat ively thin obj ect and its image, 
obj ects situated nearer or farther from the 
observer will not give this sensation of similarity ; 
the relief will be increased for near objects, and 
weakened for distant objects. We know, besides 
this, that the s tereoscopic sensation varies from 
one individual to another. 

(c) THE EXAMI NATION OF STEREOGRAMS : 

STEREOSCOPES 

826. Viewing Stereograms with the Naked 
Eye. By making the axes of the eye diverge , 
some people can view normal stereoscopic pairs 
with the naked eye, provided the distance 
between the principa l poin ts is litt le different 
from the sepa ration of the eyes. Such viewing 
is made easier by holding a piece of cardboard 
between the two pictures perpendicula r to their 
common plane. 

It is generally easier, by causing the axes of 
the eyes to converge (as in convergen t strabism). 
to see in relief a pair which, when v iewed nor
mally, has the characteristics of a pseudoscopic 
pair, the left perspective being on the right , and 
vice versa . This kind of viewing is made easier 

by holding a mask at some distance from the 
eyes, only allowing one eye to see the single 
image which corresponds t o it (Elliott and 
Waterston, I SS7). 

For example, to view at about 10 in., the two 
perspectives of the regular dodecahedron repro
duced in Fig . 206 (M. Mict, 1921) one must hold 
at about 4 in. from the eyes a card with an 
opening of about I I, in. square. l 

Exam ined with a binocular stereoscope (Fig. 
20S) , this same drawing appears to be a dode
cahedron, but not regula r, in which the near 
faces will be those which appeared farthest 
when exam ined with the naked eye. 

R emember, however, that the viewing of a 
stereogram with the naked eye by divergence or 
convergence of the ocula r axes 2 is a great strain, 
so that it is impossible to make a complete study 
of a series of s tereograms or to examine more 
than a few at a time. 

827. Stereoscopes with Convergent Eyepieces. 
Most of the stereoscopes used for amateur 
stereoscopy and for some scientific and technical 
applicat ions are derived from the prismatic lens 
stereoscope of Sir David Brewster (IS44). In 
its original form th is instrument used as eye
pieces two convergent lenses having their centres 
outside the centres of the two eyes (often reduced 
t o two half-lenses), the separation of the centres 
being about 25 per cent greater than the separa
tion of the eyes. Under these conditions one 
can view without fat igue a stereogram in which 
the separation of the principal points is about 
IS per cent greater than the separation of t he 
eyes, and may thus reach about 3 in . 3 A 
" binocular stereoscope" is represented in F ig. 
20S (A. Buguet, I S91) . This is the simplest form 
of s tereoscope, useful for examining stereograms 
printed in a book or periodical. In Fig. 209 the 
paths of the rays are indicated in such a stereo
scope, for the case of a near point of the recon
structed obj ec t (the ocular axes a re convergent). 

lOwing t o the convergence of th e ocular axes, t he 
reconstructed solid appears to be s ituated p ractica ll y 
ha lf way between the p lane o f the pa ir a nd t he eyes. 
This object appears much smaller than either o f the 
images vi ewed fro m th e same poin t with mo noc ula r 
v is ion, after r emov in g th e mask. 

2 These two method s of v iewin g were suggest ed by 
\¥ heat s t one ( 1838), who, in the firs t case, recommended 
the use o f two tubes directed t oward s the princ ipal 
p oi nts o f a st ereogra m, the sepa ration of these poin ts 
being red uced. 

3 If the vi r t ua l image given by ea ch o f the eye-p ieces 
were always at infmity , the a dju stment bein g made 
instin ctively by an observer w ith nor mal eyesigh t, the 
separation o f the princ ipal points wo uld e(lua l the 
separation o f the ocula r a xes. 
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The eccentricity of the eyepieces increases the 
inevitable aberrat ions met with in the use of 
uncorrected or partially corrected lenses, the 
more so since the lenses must be of the shortest 
focal lengths compatible with covering the wide 
angle of the field; and the shorter the focus the 
greater the aberrations due to the eccentricity 
of the eyepieces . It is therefore a n advantage 
to have a stereoscope in which the separation of 
the eyepieces can be adjusted . 

Some years ago cameras giving images fa rther 
apart than the mean separation of the eyes were 
almost completely abandoned in amateur stereo
scopy. Uncler these conditions the separa tion 
of the principal points is equal to the mean 
separation of the eyes, and the eyepieces can 
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genera lly be cent red relat ively to the eyes. H ow
ever, individuals having eyes abnormally close 
together req uire the eyepieces f8rth er apart 
than those adjusted for eyes having a separation 
at leas t eq ual to the mean. Further, an observer 
unaccustomed to stereoscopic viewing can 
accommodate his eyes more easily to eyepieces 
having a greater separation t han those wh ich 
will su it him, after he has had some practice in 
stereoscopic viewing. For these two reasons 
stereoscopes are to be preferred wh ich include 
the means of regulating t he separation of the 
eyepieces, t besides the usual power of mak ing 
the images coincide. 

1 It is not unu sual that a person un acc usto med to 
stereoscopy, to who m y o u g ive a s te reoscope not 
adjusted to his eyes nor to the separation of his pupi ls, 
d eclares after a few seconds that he sees III uch better 
by clos ing one eye, his attempts to adj ust the eye
piece having been haphazard . To adj ust a stereoscope 
one mu st first adj ust th e focu s by clos ing one eye for 
an instant, and then, with both eyes open, adju st the 
screw governing the separation of the eyepieces (by 
a roel carrying a thread cu t so as to move each eyepiece 
in the opposite direction) until t he two images coincide 

We cannot go in to all the variations met with 
in practice, and must refer the reader to the 
catalogues. H owever, we may mention the 
stereoscope in jumeJle (conical box) form, which 
is exceJlent for viewing transparencies,' and, by 
adjusting a movable shutter fitted with a mirror, 
also for the viewing of stereograms on paper. 
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There are also the simplified s tereoscopes used 
for paper prints, a utomatic stereoscopes with 
metal frames for the pictures mounted on end
less chains (of which some models do not fun ction 
until a coin is placed in the slot) , stereoscopes 
without the least effo rt o f co nvergence of the eyes . 
These trials are us ually avoided if the separat ion o f 
the eyepieces is made abo ut ?, in. greater than th e 
separation o f the eyes. S tereoscopes intended for the 
use of unaccusto med observers may be graduated to 
indicate the separatio n of the eyepieces . 

1 Interesting effects may be obtained by removing 
the ground glass used as diff user, w hich forms the back 
of the stereoscope, and usin g a diffusin g reflector, c.g. 
plates of matt meta l, tinted papers, etc. (G. Cromer, 
1919). 
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for fi lms run from one spool to a nother, a nd t he 
cabinet stereoscopes with in tercha ngeable maga-
7,ines (made about 1900) in which one picture 
is subst ituted for another by press ing a lever. 

828. Complementary Stereoscope. The essen
tial condition for the reconst ructed object being 
identical with the objec ts itself is th at each of 
t he images is seen at a dis tance equa l to the 
principal distance, or at leas t by means of an 
eyepiece of foca l distance 1 eq ual to th is principa l 
distance (§ 2S , foot note), When one restricts 
oneself to the photography of distant ob jects, 
the principal distance is prac tica lly eq ual to the 
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focal length of the obj ect ives used to take the 
photographs, and the above condi tion is then 
sat isfied if the eyepieces of the stereoscope have 
the same focal length as the obj ec tives of t he 
camera ; it is said then that the s tereoscope is 
complementary to the camera used. 2 

The general pract ice in stereosco py is to fit 
the camera with lenses of very short focal length, 
and it is sometimes difficult to fit the s tereoscope 
with such short-focus eyepieces, owing to their 
higher cost. The grea te r curvature of such 
lenses com pels the use of a sma ller number 
at once ; the fi eld is limited owing to the con
siderable thickness of the edges, and a lso to the 

1 T he focal length of the eyepieces is not marked 0 11 

s t ereosco pes ; it may be fo und with reasonable acc uracy 
(espec ially whe n the eyepieces consis t of achromatic 
plano-con ve x system s hav ing th e con vex s id e fac ing 
t he images) by us ing t he stereoscope as a ca mera to 
focus a d is t a nt object o n its g round glass screen; the 
foca l length is the n the d istance fro m the p ole o f th e 
eyep iece t o the screen. 

2 Placin g a s te reograTll in a complemen t a ry s tereo
scope, and plac ing oneself at t he actual viewpo int, one 
eye looking in the s t ereoscop e a nd t he other look ing 
di rectly a t t he view, the two images a re v ery nearl y 
o f the sa me dimensions, and can us ually be co mbined . 

distortion of the ma rginal regions. Thus the 
eyepieces of stereoscopes a re frequently of 
greater focal length t han the camera lenses, 
resulting in exaggera ti on of the foreground and 
deformat ion of the reconstructed obj ec t, and 
tending to give the e ffect of theatre scenery in 
s uccessi ve planes . 

When the diffe rence of focal leng th is not con
siderable one can often add an a uxiliary lens 
(§ IIS) to each eyepiece of the stereoscope, the 
power necessary being the d ifference of powers 
(§§ 60 and 70) of the camera lens a nd stereoscope 
lensl Meniscus lenses of diameter eq ua l to the 
stereoscope lenses a re chosen for preference, 
and are in t roduced in to the mounts. They are 
kept out of contact with the s tereoscope eye
pieces by means of cardboard rings of sufficient 
thickness, and placed next t o th e eyes wi th 
their convex faces outwards (C. Schitz, 1914). 

829. Stereoscopes Using Symmetrically-placed 
Mirrors. Th e stereoscope of C. vVheatstone 
(IS3S) employed only two mirrors, M and M' 
(Fig . 210) a t right angles, and placed at 45 ° to 
the direct ion of vision. The two photographs 
constituti ng the pair a re represented by A B, 
A ' B', parallel to the plane bisec ting the two 
mirrors. Under these condi tions the eyes ° and 
0' see at AlB] and A l'Bl " the reversed images of 
AB and A 'B' , two homologous points n a nd n' 
being seen respect ively at MI and MI' and giving 
th us the ill usion of a poin t N l of the recon
structed objec t at t he intersec tion of the rays 
Oni and O'n/, The necessity of using reve rsed 
images has somewhat reduced its popula rity , in 
spite of the fac t that there a re no limits to lhe 
~ i ze of the ph otographs which may be v iewed. 

Inspired by the teles tereosco pe of H elmh oltz 
(§ SIS), L. Cazes (I S95) made a stereoscope 
using two pairs of mir rors, 1IIm'MM' (Fig. 2 11 ) , 

fo r viewing stereogra ms of large size having the 
pic tures placed side by side in the same plane. 
The" virtual" eyes 0 10 1' are brought each time 
opposite th e principal poin ts PP' (their separa
tion may vary from S in. to 20 in .) by s lid ing 
the mirrors lVIM' on ra ils RST (grad uations on 
the rails ena ble one to make sure t he mirrors 
are symmetrically placed) . The whole inst ru
ment is carried on a n extensible ve rtical column 
to ensure eq uali ty between the distances OlP, 
Ol'P' , and the principal d istances of th e per
specti ves (up to 25 in. ). Converging or d iverg ing 
lenses may be placed in front of the eye mirrors, 

1 In like ma nner a s t ereoscope havi ng lenses of t oo 
short focll s can be correct ed b y mea ns o f a divergent 
a ux ilia r y le ns. 
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to regul ate the apparent distance of the fore
ground, I according to a table on the instrument. 
The effort of accommodation imposed on the 
eyes is t hen equal to the effort of convergence 
when viewing the object direc t. 2 
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830. Stereoscopes Having Two Reflectors in 
Front of One Eye. It is clear th at one of th e 
images of a s tereoscopic pai r can be viewed with 
the naked eye, a nd t he other after refl ec tion in 
two para llel mirrors suitably placed to enable 
fusion of the two images. T his fu sion is only 
possible on the condition that the path of the 
rays between the two refl ecting surfaces is 
negligible compared with the distance of the 
stereogram from the eyes . Such instruments 
have been designed, notably by J Duboscq 
(1857) , for vi ewing two images placed one above 
the other, and by T. Brown (1895) for viewing 
two images side by side. On the same principle, 

1 The geographical ser v ice o f t he Fre nch a rm y (1923) 
worked O llt a co mbination o f this s tereoscope w ith a. 
prism b inocular, fo r examin ing aeria l s tc rcograms, 
givin g a magni fication of about 3'5. Com bina tions of 
o ne or o ther of these t ypes o f mirror s tereoscopes wit h 
light boxes (negatoscopes) are used for exami ning 
stereoscopi c radiogra phs. 

2 There is a lso , of t h is t ype, th e s t ereoscop e o f C. 
pulrrich (1904). carr ying in front of eac h eye a prism 
o f quadrilateral sect io n, of which two adj o ining faces 
re fl ect s uccessively the pic tures to be examined. The 
p ic tures are inclined a t an angle of about 1 2 0 ° , their 
p lanes intersccting behind the observer. 

F. Drouin (1896) has proposed the use of prisms 
of quadrilateral section (totally refl ecting the 
light from two opposite faces) , to be held in 
front of one eye for examin ing normal stereo
scopic pairs or pseudoscopic pairs (not trans
posed). Such instruments have been used at 
various times for viewing stereoscopic proj ec
tions . 

831. One -mirro r Ste r eosco p es. L. Pigeon 
(1904) made an instrument , somewhat analogous 
to the one described in 1849 by Brewster and 
in 1851 by H . W . Dove. Closed, th is instrument 
appears like a book; when opened, the two side 
panels form an angle of about 1400; a median 
frame joined to the sides by linen or metal strips 
bisects the angle formed by the side panels. 
On one of the panels is placed at A 'B' (Fig. 212) 

a normal image of the right-hand picture, and on 
the other panel at A B is placed a reversed image 
of the lef'c-hand picture. The two pictures can 
be joinccl by means of a paper or cloth Ir ingc: 
the whole slides uncler a bridge in the lower edge 
of th e bi secting panel. A small mirror !II is fi xed 
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( Pigeon) 

a t the end of the bi secting panel DM in such a 
position tha t the left eye 0 can be placed very 
near to it; this eye sees at AIBl th e reflected 
image of A B, whilst the right eye 0' sees A ' B' 
direc tly. 1 

1 A curious case of s tereoscopi c vi ewing, using on ly 
a single r efl ection, is that of the" cube " of H . Swan 
(1863) in whi ch one appears to see a person or a head 
and shoulders on a very small scalc. Two small rect 
an g ul a r glass prisms havi ng an a ng!e o f 40° are fast ened 
t ogether by their hypotenu ses, but without cementing. 
The left eye pl aced facing one of th e large faces sees 
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832. Stereoscopes with Reversing Prisms. 
Many devices have been worked out to produce 
a stereoscope for viewing stereograms printed 
without transposit ion (§ 816) from a pa ir taken 
on a single plate. Unfortunately , their use has 
not become general, but the principles employed 
will be briefly indicated . 

A stereoscope suggested by Brewster in 1849 
has two mirrors back to back in a plane per
pendicular to that of the pictures examined, and 
situated half-way between the principal points. 
E ach eye then sees the reversed image of its 
picture. The same inventor pointed out the 
possibili ty of reversing the images by means of 
a direct-vision total-reflecting prism in front of 
each eye. 

The stereogram can be placed above or below 
the eyes and seen by means of a mirror held in 
front of the eyes (T . Brown, 1899) , or placed in 
a plane parallel to the plane conta ining the two 
axes of vision, and seen by reflec tions at 45° 
(G. Balmitgere, 1909) . In another model by the 
latter inventor the stereogram is placed in a 
vertical plane at about 45° to the axes of the 
eyepieces ; two reflec tors suitably placed produce 
virtual images normal to th e direction of vision. 
The inequality in the two optical pa ths is then 
compensated by placing in the path of the more 
distant image a prism of appropriate thickness 
or a n eyepiece constructed different ly from that 
in the other path. 

Stereoscopes with reversing eyepieces com
prising t otal-reflecting prisms were worked out 
by Duboscq (1857) and by E. Cola rdeau (I9II) ; 
in this model the prisms, producing t hree reflec
tions, a re p laced between the eyepieces and the 
tra nspa rency to be examined ; th ey a re held in 
a mova ble carrier which can be removed from 
the field to a llow of pseudoscopic examin ati on 
of the same stereogram, or stereoscopic viewing 
of a t ra nsposed s tereogram. 

833. Anaglyphs. An a naglyph consists of the 
two pictures of a stereoscopic couple super
imposed on the same support, the two p ictures 
being prin ted in two complementary colours. 
The result, though meaningless to the na ked eye, 
appears in relief if examined through a double 
eyepiece such that each eye sees through a filter 
of colour complementa ry to the colour of its 
di rectly the left-hand p icture cemented to t he opposite 
face, w hilst the right eye, placed oblique ly, only sees 
(by to ta l intern al r eflection) t he ri ght-hand p icture, 
which is st uck, after r eversal of the image, on t he side 
face o f t he p rism , under the condition tha t t he fie ld of 
vis ion is v ery limited . The pictures are therefore very 
sma ll. 

- --------------

corresponding image (L. Ducos du Hauron,l 
1891 ) . 

The left-h and image is generally printed in 
blue-green or bluish-green , and the righ t-hand 
image in red, slightly orange . Under t hese 
conditions the left eye through a red filter sees 
the green image in black on a red ground , and 
cannot see the red image on this red ground ; it 
therefore sees only its corresponding image. In 
the same way, the right eye through a green 
filter sees the red image in black on a green 
ground and cannot see the green image (or only 
very feebly) . 2 

The reconst ructed obj ect therefore appears 
black on a ground of colour not far removed 
from the t in t result ing from the mixture of 
coloured lights transmi t ted respective ly by the 
two filters, bu t wi t h momentary predominance 
of one colour or the other, according to the sta te 
of fatigue of the eyes. 

Wh en examining these anaglyphs with the 
two-colour eyepieces, th ose par ts of the obj ect 
the corresponding points of wh ich are printed 
in coincidence appear to be in the plane of the 
anaglyph, the other clements of the recon
structed obj ect appearing in front or behind 
this plane. The elements whose corresponding 
points have a sepa ra tion equal to (or slight ly 
smaller for easy viewing) the separa tion of the 
eyes will appear at infinity . 

Anaglyphs have several advantages : they do 
not impose any limit to the dimensions of the 
pictures and only require for examination an 
instrument very easily and cheapl y made by 
means of coloured gelatines (manufac tured on 
the large scale) fixed in a light card , which can 
be punched out. After fa lling into disuse soon 
after their invention, a naglyphs have been em
ployed to illustrate some scientific publications," 

1 T he p riority of D ucos cl u H a uron has been ques
tioned owing to so me geomet ri c drawings made by 
\Y. R oll mann (1853) in two complementary colours 
(yellow and bl ue) . But the two images of t he pair were 
side by s ide as in ord inary s tcrcogra ms and not super
imposed; the ir d imc {\.s ions were thus limited to the 
separation of t he eyes. 

2 \ ¥ hilst red dyes a nd pigrncnts may be ob tained 
of very great purity of colour, t ransmitting or d iffusing 
a lmost a ll the red li gh t from the co mp lex incident li ght, 
bl ue, blue-green, and green dyes and pigments always 
consist of blended tints (§ 8) refl ecti ng or d iffusin g onl y 
a fractio n of the fad iation s not absorbed , and conse
quently appeari ng grey when v iewed t hrough a fi lter 
o f the same colour. 

3 Notably the applications made of anaglyphs to 
anatomy (M. d'Ha llui n, 1908), to geometry (H . Richa rd, 
19 12), to geograp hical and geological maps (H . Hubert, 
19 17), t o ast ronomy (L. Gimpel a nd E. Touchet , 192 4). 
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and since 1923 have received many applications 
(project ions, catalogues, illustrated journals) , 
the prints usua lly being made by a photo
mechanical process. 

834. Parallax Stereograms. Imagi ne in fron t 
of a pl a te P (Fig. 213) in a parallel plane a 
grating T formed by opaque vertical and trans
parent bands, having the same width l over the 
entire length of th e grid . Place at two points 
0 "0 ,, separated by a distance b (mean separation 
of the eyes) and a t a distance d from the plate, 
tbe two lenses fi tted with reflec tors for reversing 
each image and at the time of record ing the 
images adj ust the separation e between the 
grat ing and the plate to satisfy the rela tion 

e = ~. Under these cond itions the bands 

GG'G" ... of the sensitive plate only receives 
light from the lens Og, whilst the intermediate 
bands DD'D " . .. only receive light from the 
lens 0 ". The sensitive plate can thus only 
register half the total area of each of the images 
of the ste reoscopic pair, but, if the bands are 
sufficiently narrow (about 125 to the inch ), the 
discont inuity of each image will not be as con
spicuous as the discontinuity of photo-mechan
ical reproductions (see for example the plates in 
Chapter X VII, obtained by means of cross-line 
screens of about ISO lines per inch ). 

Afte r taki ng the photograph , the plate is 
developed and reversed and placed in the same 
position relative to the grati ng, the eyes of the 
observer being placed at 0 " and ° d' Each eye 
will then only see the bands of image correspond
ing with it , and the observer will see the obj ect 
in relief, without the use of a ny viewing instru
ment, since the grating is attached to the 
stereogram and is thus part of it. 

Th is ste reoscopic process, sugges ted in 1896 
by A. Berth ier , was put in to practice by F. E . 
I ves in 1903, and perfected in I 906 by E . 
E stan ave. These two a uthors have pointed out 
many other applications of the same principle. 1 

As in the case of anaglyphs, the elements of 
the object registered in coincidence appear in 
th e plane of the s tereogram, the other elements 
appearing either in front or behind, according 
to th e relat ive positions of their corresponding 
points. 

I n pract ice, "parallax-stereograms" a re not 
I No tabl y " auto-stcrcograms " in col our o n Auto

chrome plates (19°7), the ordinary or stereoscopic 
chlng in g pictures (19 10), which show successively two 
d istinc t images, or two or three attitudes o f the same 
person, by movin g th e picture relati vc to th e observer 
(living portraits) . 

taken directly, as we have said, but printed 
successive ly from the negatives of an ordinary 
stereoscopic pair , t he grating only being used 
in t he reprod uction by means of a triple-body 
camera; between the copying of t he two pic
tures the lens is moved through a distance eq ual 
to the separat ion of the eyes, perpendicularly 
to the bands of the grating. 

It may be noted that if the observer places 
the righ t eye at ° fI and the left eye in the 
symmetrical position of 0d relative to 0 . , he wi ll 
see a pseudoscopic image. It wou Id be the same 
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FIG . 2 I 3. PARALLAX STEREO GRAM 

for an observer correctly placed relative to the 
image if the grating were displaced through a 
distance equal t o the width of t he open bands. 
In all intermediate positions, or if the observer 
is not at the required distance from the stereo
gram, each eye sees a little of each of the images, 
and the result is very confused . 

835 . Integral Photography. Under the name 
of integral photography , G. Lippmann in 
1908 suggested a meth od the em bod iment of 
which in practice was attempted in 1925 by 
E. E stanave. 

A celluloid sheet of convenient thickness is 
embossed on its two faces with a large number 
of hemispherical proj ec tions, in such a way that 
the converging system formed by each element 
of the celluloid face when facing the subj ect 
gives an image on the emulsion covering the 
opposite hemispheri ca l element. Without the 
use of any other opti cal system (except a mirror 
for the optical reversal of the image wh ich is 
necessary , although not included in the original 
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description), one obtains a very large number of 
minute images of the subj ect opposite which the 
film is exposed. After development, reversal, 
washing, and drying, the fIlm examined from 
any viewpoint will show a complete image of 
the subject photographed, each point of the 
image (or, at least, each small element almost 
a point) being supplied by one of the elementary 
images . Binocular vision of this gives the 
stereoscopic effect, with this peculi arity, th at 
as the observer moves in front of the system, 
parts of the reconstructed object become masked 
and then unmasked by other parts, just as they 
would in moving about in front of the obj ect 
itself, whereas in viewing a stereoscopic pair it is 
always the same objects in the background which 
are m asked by the objects in the foreground, 
whatever the deformation of the reconstructed 
object, as the eyes are moved in front of the pair. 

Prompted by this principle and by the parallax 
stereograms, C. W. Kanolt (1918) then G. 
Bessiere (1925) and J. de Lassus St. Gen ies (1932) 
h'lve produced some very curious photographs, 
which, seen from almost any viewpoints, give a 
perfect stereoscopic sensat ion with relat ive dis
placements of the obj ects situated at various dis
tan ces when the observer moved from side to side. 

To obtain these peri-stereoscopic photographs 
the sensitive plate can be exposed, for example, 
a certain d istance behind a vertical grating (the 
openings being 1/400 in. wide and the lines 
1/(,4 in. wide) . The lens, fItted with a reversing 
pri sm a nd a diaphragm in the form of a vertical 
sli t, is given a sideway movement during expo
sure (in the case of same-size reproduction) or a 
ro ta tion about an axis situated behind the plate 
when reproducing on a reduced scale, the posi
tion of the sharp image being just behind the 
plane of the plate. The plate thus records be
hind each opening of the grating, which acts as 
a n elongated pinhole, a complete image of the 
obj ect, retaining the vertical dimensions but 
compressing considerably the transverse dimen
sions. The lens only plays a small part in the 
formation of these anamorphoses, obtained in 
such a way that each point of the object corre
sponds to a single point in each elementa ry 
image. Once the negative is obtained, as many 
prints may be taken as a re desired, and these are 
viewed by fixing a gra ting in front of them identi
cal with the one used in making the negative. 

836. Photo-stereo-synthesis. In spite of the 
fact that photo-stereo-synthesis (L. Lumiere, 
1920) does not involve any stereoscopic prin
ciples, the powerful sensation of relief given 

merits their inclusion among the various methods 
of stereoscopic photography. 

The subj ect (generally a head and shoulders 
portrait) is photographed six times in such a 
way that the focus of each image is confined to 
a single plane of the subj ect. 1 The camera is 
moved nearer to the subject after each exposure, 
so that a new" section" is recorded on the same 
scale of reproduction. The six negatives thus 
obtained are printed very lightly on tran s
parency plates (the sum of the six densities only 
just ma king up the density of a normal trans
parency) . These plates are superimposed, their 
thicknesses representing (on the scale of the 
image) the thickness of each of the sections of 
the subject. The whole is illuminated from 
behind by a diffusing screen, and, on viewing 
from the one possible position , a sensation of 
relief is obtained, the part of each image in 
focus being the only effec tive part as far as the 
eyes are concerned. 

This method has been applied with success 
to photomicrography (F. Bas t in, 19z 1) and to 
radiography (E . Pohl, 1930). 

(d ) TAKI NG STEREOSCOPI C NEGATIVES 

837. Usual Stereoscopic Sizes. Stereoscopic 
apparatus, consisting of two coupled cameras, 
usually form the two images of the pair on a 
single plate or fI lm. 2 The usual size of the fIrst 
s tereoscopic transparencies was 85 X 170 mm. 
(approximately 3k X 6i/: in .), the two joined 
images each measuring about 75 X 75 mm. 
(3 x 3 in. ), withlatera lmarginso fromm . (~ in .) , 
corresponding to the position of the binding and 
title. These transparencies were printed from 
negatives taken on plates 8 x 16 cm. (approxi
mately 3~ X 6k in .) or 9 X 18 cm. (3t X 7 in. ). 

The International Congress of Photography 
held at Brussels in 1891 recommended the same 
size, 85 X 170 mm., with single images 66 
X 70 mm. (2~· X 21 in .), separated by a band 
of width 4 mm. (I-in. ), leaving thus a distance 
of 70 mm. (zit in. ) between the principal points. 
This recommendati on was never lI sed in prac
tice , and was changed by the Congress held at 
Brussels in 1910, where it was decided to allow 
" a ll sizes which can be held in a frame form ed 
by two squares of side 80 mm. (3~ in .), placed 

1 This lim iting depth of the fi eld is obtained by suit
able calcu lated movements o[ the lens and plate relative 
to the subject during the exposure o f each ncgati\"c. 

2 Formerly so me call1cras llsed two separate piates, 
automaticall y marked by an in scrip tion on one o f th e 
images made by a cut in the shape o f a fi gure in th e 
frame li miting th e extent of the pictu re . 
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side by side, it being assumed that homologous 
points of an obj ect at infinity must not, under 
any circumstances, be more than 80 mm. (3k in. ) 
apart, and that a smaller distance is preferable. " 

H owever, negat ives and transparencies of the 
same size are now usually used, the single images 
being very nearly squa re. The s tereoscopic 
camera cannot be turned through a righ t angle 
for taking "vertical " and " horizontal " pic
tures; square images are therefore chosen to 
give the bes t resul ts in both cases. Vertical 
ar.d horizonta l pictures may be obtained by 
masking the square negatives or by making 
suitable enlargements. The sizes most freq uently 
used in modern stereoscopic cameras are given 
in the following table-

Nomina l I Approximate Space Separation o f 
ext ernal di me nsions of bet ween princi pa l . 

each pictu re the two images poin t s si ze 

7 X 13 e m . 64 X 60 m1l1. 4 mm . 65 111m. 
('I x 50 i n.) (2 ! X :2~' in.) (I in.) ( " . ) 2 (,) In. 

6 X 13 e m . 54 X 60 mIn. 4 mm. 65 111m. 
('i' x 50 i n.) (2! X 2", in.) U in ) ( ., . ) 2 1.\ In . 

4' 5 X 10 '7 C Ill. 39 X 42 mm. 20 111m. 63 mm. 
( I t x 4l in .) ( ,~ X I a· in.) (I !in.) (2 1 in.) 

There are also excellent cameras of 9 X 12 cm . 
and 10 X I S cm. , generally fit ted with three 
lenses, two for stereoscopic work a nd the other 
of longer focal length for a single image on the 
whole of the plate. 

838. Stereoscopic Cameras Having Two Lenses. 
Stereoscopic cameras made to ta ke th e two 
stereoscopic photographs simul taneously are 
usually hand cameras of as varied designs as 
ordinary cameras (Chap. X IV), and are fitted 
with the same accessories. 1 

Since s tereoscopes a re not fitted with means 
for decent ring the eyepieces, if one wishes the 
reconstructed object to be geometrically similar 
to the objec t itself the camera lenses used in 
making the negatives must never be decen tred. 
It is t o reduce the need of such decentring that 
lenses of very short focal length are frequently 
used. As, however, the negatives of a s tereo
scopic pair are often used separate ly for printing, 
enlarging, or projecting, that is to say, when 
decentring is of some importance, manufacturers 
make a compromise by fitting their cameras 
with a vertica l movement of small range . Some 
makers of simple cameras, who, on account of 

1 H owever, fo r sc ientific or co mm erc ial applicat ions 
o f stereoscop y. hand cameras or s tud io ca J11 c ra~ can 
be used if th ey arc fit ted with a separating" partition" 
s im il a r t o the b ell ows, fixed t o t wo rod s engaged in 
notches at the f ro nt a nd back of the camera , th e 
part ition b e ing he ld on b oth s ides by e las tic fas te nings 
to the end s o f t he rod s . 

price , cann ot use wide angle lenses, consider 
that, for the maj ority of amateurs, conditions 
of geometric similarity are secondary t o the 
advantages of decentring. Whereas, in ord inary 
photography, it is rarely necessary to ensure 
that the principal point correspond s to the 
horizon , their cameras are fitted with the lenses 
raised above the centre; if the ph otographer 
wishes to work from a high poin t he can use the 
camera upside down, thus get ting a lowering of 
the len ses . The stereoscope corresponding to 
such a camera must obviously have its len ses 
decentred by the same amount. 

The two lenses of a stereoscopic camera must 
be identical, so that they produce images in 
focus of the same dimensions and luminous 
intensity at the same d istance. 

Trouble would inevitably occur if the va rious 
adjustments were made on each lens separately: 
the focussing mechanism and the iris diaphragm 
are coupled by means of rods, except in the 
part icular case when the separa ti on of the lenses 
can be con trolled. 

The use of two separate shutters is avoided 
for the same reason, apart from th e fact that 
they will be m ore expensive than a s tereoscopi c 
shutter with two openings. 1 

839. Several makers se ll stereoscopi c cameras 
which can be used for t aking a single fu ll -size 
image, thus obtaining an elongated view com
parable to some extent with a pan orama . In 
these cameras, generally called stereo-pan oramic 
cameras, the centre part i tion is moved against 
the body when one lens is moved opposi te th e 
centre of the pl ate , either by sliding the lens 
board horizontally or by rotating an eccentric 
platform carry ing one of th e lenses. The norma l 
lenses used for each image scarcely cover the 
considerable angle of fi eld thus used unless 
greatly stopped down; the image obtained at 
the edges of the field is of poor definiti on and 
lumin ous intensity . For example, the lens of 
3 in. focal length covers, on one of the images 
of a 6 X 13 cm. stereogram, an angle of 56°, 
whereas it must be capable of covering an angle 
of 93° to use the full size of the plate. 

It is well known by users of such cameras 
that circumstances justifying the use of this 
panoramic arrangement are extremely rare. 

840. Stereoscopic Cameras Avoiding the Need 
for Transposing the Negatives. The production 

1 An Am er ican stereoscopic camera of th e refl ex 
type is fitted with a revers ing stereoscope fo r \" iewing 
th e images in re lief on the ground gl a ss, a s suggest ed 
by F . Dro uin (1893) . 
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of stereoscopic images capable of being viewed 
directly in an ordinary stereoscope by reversal 
of the original images is a problem whose solu
tion has been sought from the beginning of 
stereoscopic photography on Daguerreotype 
plates. It was solved by A. Claudet (I S53) 
by fitting each of the lenses with a mirror or 
prism for optical reversal of each image. 

Many attempts have been made since then 
to bring this type of camera into every-day use, 
notably those of J. Carpentier (I S95) , by means 
of right-angled prisms placed between the front 
and back components of the lens; by J. A. 
T ournier (1902), by means of reflectors inside the 
camera, projecting the images on to a roll film 
wound round the partition separating the two 
dark compartments ; and by A. Daubressc (1902), 
by means of two reflectors inside the camera, 
throwing the images on a sensitive film placed 
between the lenses. 

In spite of the advantage of such a camera in 
stereoscopic colour photography on mosaic 
colour plates, there being no need to cut the 
negatives, it has never been popular. 

84I. Cameras Fitted with Mirrors for Register
ing Simultaneously the Two Stereoscopic Images, 
Using Only One Lens. In a camera taking 
pictures at least 31 X 41 in., by a suitable 
arrangement of mirrors in front of the lens, two 
separate images may be formed of the view as 
seen from the position of the images of the 
two half-apertures of the lens in the two mirrors. 

Such a duplicating arrangement, consisting 
of two mirrors making a very obtuse angle with 
one another and having their joining line vertical 
and situated on the axis of the lens, was devised 
in IS53 by F. A. P. Barnard for stereoscopic 
photographs on Daguerreotype plates. Each of 
the two images of the pair is turned round by a 
single reflect ion of the incident rays. If used to 
obtain negat ives to be finally printed by contact, 
this arrangement is open to the object ion that 
the images are reversed as regards right and left. 

A duplicating system, using two pairs of 
mirrors, recalling the stereoscope of Cazes (§ 829) , 
was made in IS94 by T. Brown. Each of the im
ages being reflected twice, the negative obtained 
is similar to an ordinary stereoscopic negative. 

The mirrors of these duplicating systems are 
very delicate, since they require to be silvered 
on the surface to avoid the double refl ections 
obtained with an ordinary mirror silvered on the 
back. Moreover, these mirrors reflect at most 
90 per cent of the incident light (or So per cent 
after two reflec tions) . Also the lens forms each 

image with only half its surface, thus reducing 
its" speed" to one-half its normal value. 

These arrangements are not at all suitable 
if one wishes to conform to the best geometric 
conditions; the two half·pencils which are 
incident on the lens only have common regions 
if the two axes (virtual) are convergent. 

842. Stands for Two Exposures in Rapid 
Succession. For stereoscopic photography of 
inanimate objects by means of two successive 
exposures with any camera, a number of 
arrangements have been put forward which 
may be fixed to a tripod and automatically 
ensure parallelism between the optical axes in 
the two positions and the desired separation 
between the two view·poin ts. 

The following arrangements, among others, 
have been used: A board with stops indicating 
the two positions of the camera ; a board with 
a carriage running on guides between fixed or 
adjustabl'e stops, the camera being fixed to the 
carriage; a board to which is secured by means 
of four movable rods another board, the rods 
and boards forming two parallelograms; this 
ensures parallelism in the extreme positions of 
the movable board. 

843. Stereoscopic Photography, Using a Large 
Base. There are two cases to be considered, 
the study of a distant object of small depth, but 
no objects situated at intermediate distances, 
and the photography to the best advantage of 
a group of objects situated at all distances from 
the base and partially obscuring each other from 
view. As typical examples of the two respect ive 
cases may be mentioned : (I ) ve rtical stereo
scopic photography, from an aeroplane flying at 
great altitude, of an expanse of country , or the 
plan of a works, and (2) the stereoscopic photo
graphy of a landscape from ground stations. 

In all cases the camera must be of slightly 
greater size than the size of the images req uired, 
so that they may be trimmed to avoid any errors 
of orientation. When extreme accuracy is not 
necessary (otherwise the camera must be 
mounted as a theodolite), the parallelism of the 
two positions of the optical axis is obtained with 
sufficient approximation by observing the image 
of some object at infinity and bringing it to the 
same point on the ground glass, or on a reference 
mark on the finder (replaced, if necessary, by a 
telescope with cross wires, or by a rifle sight). 1 

1 To avoid displacement of the clouds in a land scape 
by wind between the two exposures, giving the illusion 
of clouds nearer than the land scape, it is best to take 
the first photograph from the s ide from which the wind 
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844. Considering the first case mentioned 
above, if we are t o place the eyes opposite the 
principal points of the pair the condition 
necessary to avoid distortion of the reconstructed 
object (§ 822) the separation of the two stations 
must be chosen so that it bears the same relation 
to the mean distance of the obj ect as the separa
tion of the eyes bears to the principal distance 
(L. P. Clerc, 1917). In other words, if B is the 
length of the base (distance between the two 
sta tions), D the mean distance of the object 
frem the base, b the separat ion of the eyes, and 
d the principa l distance of the images of the pair 
(practically equal to the focal lengths of the 
lenses in the case of a distant object ), the length 

B must be chosen t o satisfy the relat ion ~ = ~ 
It is for this reason th at s tereoscopic pairs 

taken vertically from the air a re given a separa
tion equal to a quarte r of the altitude if the 
lens used has a focal length of about 10 in ., 
i. e. four times the separation of the eyes . 

845. The rule given above is obviously useless 
in the case of a group of objects of considerable 
depth; we can no longer talk about the distance 
of the object, as it varies considerably from one 
part to another. 

If a series of photographs are taken of open 
country from a high terrace, the camera being 
moved perpendicul ar to the direc tion of vision 
between each exposure, thus obtaining stereo
scopic pairs of increasing separat ion from , say, 
9 in . to 1 0 yd. , the sensation of relief obtained 
in viewi ng th e various s tereograms obtained 
becomes more and more marked as the base is 
increased. But, when the stations are more than 
a certain distance apart, it becomes more and 
more d ifficult to make the foregrounds of the 
images coincide. If the base is increased still 
fa rther, fu sion of the images becomes impossible 
even in the distance, the eyes being att racted by 
the discordance of the foreground, however hard 
the observer may try to neglect it. 

In determining the separation of the stations, 
co mes , and to reac h the other s tatio n, previous ly 
dec id ed upon , as quickly as poss ible. 

\"'he n ph otographing in sunny weather from two 
s tations successi vely with an appreciable interval o f 
time inte rvenin g. the displacement o f the shadows th at 
occurs between the two exposures g ives on stereoscopic 
exami nation the sensation of black surfaces rising above 
th e ground as their di stance increases from the object 
projec ting th em. To prevent thi s it ha s been suggested 
that the firs t s tation taken shou ld be the one which, 
relatively to th e o ther, is in th e direction of the sun. 

These two recommendations may, however, prove 
incompatible . 

both the distance of the foreground and the 
more remote parts of the subj ect must be t aken 
into account. It is easily seen that for a certain 
distance of remote parts the base can be made 
larger the greater the distance of the foreground, 
with consequent greaterrelief in the remote parts. 

The rela tion the foreground bears t o the 
distant parts greatly influences the length of 
base it is possible t o use. For instance, in a 
photograph t a ken from a cliff over a valley, the 
various object planes range in increasing dis
tances up to the horizon or t o the limit of the 
remote part without any obj ec t in the fore
ground masking an object in the distance. 
Under these conditions, if the result is examined 
stereoscopically, the eyes can view successively 
the various planes, and are not influenced by 
quite a considerable variation of separation of 
corresponding points. If, on the contrary, the 
photograph is taken, from the ground level, of a 
bush or tree at about 20 yd. from the camera, 
standing out against a hillside which forms a 
background, the maximum variati on of separa
tion of corresponding points appears between 
ad j acen t poin ts. 

Experience shows that in the case of a stereo
scopic pair taken looking down on the subject, 
the eyes can stand a separation of homologous 
points about five times as great as in the case 
of horizontal views. 

Most observers can endure a variat ion of separa
tion of homologous points equal to l / r oth of the 
distance at which they are examined in the case 
of bird's-eye views, and of l /soth of this distance 
in the case of horizon tal views. 

If a stereogram is viewed under norm al cond i
tions, the eyes occupying the respect ive view
points of the two perspect ives, the viewing 
distance is equal to the focal length F of the 
lens used in ta king the photographs, and if the 
foreground and distance a re respective ly a t 
distances D and D' from the base, the maximum 
separation B of the stations is given by the 
following equations 1 DD' 

Bird's-eye views B = 10 (D' - D ) 

H orizon ta l views 
DD' 

B = 50 (D' - D ) 
1 The variation o f separation e - e' o f th e ho mol ogo us 

po in ts (§ 8 19) is a ctually equal to , ( I I) (e - e') D D' 
e-e = BF 75 - iY or B = F (D' - D) 

If then (e - e') is given t he valu e F I IO or 10150 it i s 
easi ly seen (L. P. Clerc, 19 17) that 

DD' DD' 
B = or B = -..:::,.=-~ 

1 0 (D' - D ) 50 (D' - D) 

• 
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We thus obtain by other means, in the case 
of horizontal views, the rule given in 1895 by 
L. Cazes. 

Frequently when one does not wish to make 
the reconst ructed obj ect exactly similar to the 
obj ec t itself, the stereoscope used for viewing 
has eyepieces of focal length f diffe ring from 
the focal lengths of the camera lenses used in 
taking the photographs (ph otograph s taken by 
means of a telephoto lens, and viewed in a 
stereoscope of short focus). I n such cases the 
vari ation of separation of corresponding points 
must be reduced to the focal distance f of the 
eyepieces, a nd the equations giving the maxi
mum separation of the sta tions become-

Bird 's-eye views 
f DD' 

B = IoF (D' - D ) 

H ', . l ' B f DD' 
oflzonta v iews = 50F (D' - D ') 

For example, in the case of a b ird 's-eye 
panorama in which the foreground is 2 kilometres 
away and the background 10 kilometres, the 
photographs being taken with a lens of 26 cm. 
focal length, and examined with eyepieces of 
12 cm. focal length, the separation of the 
s tations can reach lIS metres,l in which case 
the exten t of the neutral zones, calculated as in 
§ 824. have the following values according to the 
dis tance of the background 1-

Di stance at . . · 10,000 5,000 2, 500 me tres 
Co rrespo nding extent o f 

neu tral zone . • 50 T 2 me tres 

In the case of a hori zontal view in which the 
foreground is s ituated at 20 metres and the 
background at 1 0 kilometres, the photographs 
being t a ken with the sa me lenses and v iewed 
with the same eyepieces as in the previous 
example, the separation of the stat ions must not 
exceed 4.86 m. , 2 the neut ral zones assuming 
considerable dimensions,-

D is tance a t • • • 1 0 ,000 5 ,000 2,500 met res 
Corresponding exte nt o f 

neu tral zone • • 3,225 9 62 266 m etres 

The advantage of choosing a high stati on to 
eliminate any near foreground is therefore 
obvious. 

I B = 
o· I 2 2000 X 1 0,000 3000 

x I 15m . -
10 X 0'26 8000 26 

2 B = 
o· T 2 20 X [ 0,000 4800 - = 4 ·86 m . 

50 x 0'26 9,880 988 

In the speci~l case wh en the view extends to 
the horizon, II D' = 0, and the eq uations become 
respecti vel y 

B = f D and B = J D 
10F 50F 

846. Stereoscopic Photography of Small 
Objects. If the reconst ructcd obj ec t is to be 
exactly similar to the object itself, the first 
condition to observe is to choose the focal length 
F of t he takll1g lens and t he magnification n 
such that the principal distance F (n + I ) of the 
perspectives is equal to the focal length of the 
eyepieces of the viewing stereoscope. This 
condition is often neglected. 1 

When one attempts, by means of a two-lens 
camera, to take s tereoscopic photographs of 
near objects, as one approaches the objects the ir 
Images on the ground glass separate and finally 
go out of the field. One is then forced to red uce 
the separation of the lenses, which is possible 
only with some special cameras,2 and is then 
limited by the nearness of the object. Two 
exposures can, of course, be taken, moving the 
camera a suitable distance between them (or, 
sometimes more simply , by giving a shift of 
equal amplitude to the obj ect itself). 

847. When the depth of the obj ect photo 
graphed is only a small fraction of its distance 
from the lens, and when the stereogram is to be 
viewed uncler normal conditions 3 (t he eyes occu-

1 In o rd er to photograph s mall obj ects same s ize 
by means o f a cam era not hav in g suffic ient ex tens ion, 
the two lenses may be lI sed for taking each perspective , 
one ac tin g as an auxiliary le ns . Thi s le ns coupl ing can 
be effec ted by mean s of a cylindri ca l s leeve slid ing 
freely un the lens hoods . 

2 Notabl y a cam era mad e to the design o f \ ". 
Sche ffer (1<)07) for s tereoscopi c photog raphy o f in sects 
and other natu ral his tory preparati o ns o n any scal e 
(same s ize). The separatio n o f th e lenses was auto
matically co ntroll ed by th e move ment o f the lens 
carrier, whi ch moved for focuss ing in slich a way that 
the separation of the lenses was inverse ly proportional 
to the ex tension . 

3 T he photographs being taken on the scale o f 1 / 11 

with obj ectives of focal leng th P , thus having a prin
cipal distance equa l tu F{n + I ), if th e s tereogram is 
viewed with eyepi eces having a focal length j , approx
imate com pensation o f the abnorm al c irc umstances 0 1 
view ing is obtained if the separation of the two photo
g raphln g po ints is made equ al to B, where-

B = 2 ' 5 (n + 1)F 

"1 
all meas urements bc in g made in inch es . 

\'Ve have had occas ion to verify this rul e expcri
menta lly in takin g a series o f s tereograms at in creaS ing 
separations o f a map in relief. "More than a hundred 
people wh o view ed these s tcreograms and co mpared 
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pying the points of view of the two perspectives), 
the separation of the positions of the lens can 
be obtained by applying the rule given in § 844 
for long-distance stereoscopy . 

In particular, if the object is photographed 
natura l size, the separation of the lenses must 
be eq ual to the mean separation of the eyes . 
It will a lso be necessary to view the stereogram 
with eyepieces of a t least 10 in. focal length 
(which means that for perfect reproduction th e 
object must be photographed at this same dis
tance from t he lenses), the eyes being unable to 
converge on a nearer point without fat igue. 
Further, an ordinary s tereoscopic camera cannot 
be used under these conditions, as it forms a n 
image of only half the object in each field. One 
is therefore often led , in same-size stereoscopic 
photography of small objects of li tt le depth, to 
reduce the separation of the lenses, thus sacri
fi cing the similarity between object and repro
duced object , or to make the opt ical axes con
verge towards the object 1 in order t o bring the 
two images to the centres of the two halves of 
the plate, a lthough this causes serious deforma
ti ons in the case of an obj ect of appreciable 
thickness (§ 821 ). It is therefore necessary, a t 
the same time as the axes are made to converge 
(exaggerated relief), to reduce the separat ion of 
th e two positions (reducing relief and thus par
tially compensat ing fo r the effect of the converg
ence of the axes) . 

The general rule is applied much more easily 
in the case of objects photographed on an 
enlarged scale; for example, to obtain stereo
grams representing an object of smaH depth 
under a magnificat ion of 10 t imes, no difficulties 
present themselves either in the taking or view
ing provided one moves either the camera or 
object parallel to itself between exposures a 
dis tance eq ua l to I / lOth the separa tion of the 
eyes, viz. ± in . 
the m wi th the orig inal relief chose, as th e one most 
l ike the o riginal, the stereogram taken w ith a separation 
o f s ta tions equal to that calculated from th e above 
form lila. 

1 The same result is obtained by rota t ing the obj ect 
between exposures about a vertical ax is c uttin g the 
optical axis , remembering to turn the so urce o f light 
thro ugh the same angle about the same ax is to avoid 
differences o f illuminatio n in the two photographs . 
Ge nerally the total amplitude of this rotation is abou t 
2° to 4° according to the d istance of the obj ect f ro m 
th e base. 

It is wo rth y of no te that the use of prism attac h
ments rn o unted o n the lenses of a stereosco pe camera 
has been suggested, so as to ensure co nvergence of 
the axes, thu s permitting relatively near obj ects to be 
pho togr aphed. 

2 222 

848. For small obj ects of appreciable thick
ness, the best resul ts are obtained by applyi ng 
the formula given in § 845 for hori zontal views, 
but replacing th e focal distance F by the prin
ci pal dist ance. 

F or example, suppose we photograph an 
object 2 em. deep with a lens of 12 em. focal 
length placed in front of a perfectly uniform 
background not located in the stereoscopic 
viewing. The middle plane of the object is 
focussed under condit ions g iving a magnificati on 
of 3 times. The ultra-nodal d istance of the plane 
focussed on is thus 16 cm ., viz ., 15 and 17 cm. 
for the distances of front and rear planes, while 
the ultra-nodal distance of the sensitive plate, 
i .e. the principal distance, is 48 cm. The opti 
mum separation of the two positions is then 
given by'-

B = 12 
50 x 48 

15 x 17 255 
X ( ) = = 0·64 cm. 

17 - 15 400 

The camera or obj ec t is therefore to be moved 
6'4 mm. between the two exposures. 

(e) PRI NTI NG AND M OUNTI NG S TERE OGRAMS 

849. Masking the Pictures. An important 
fac tor in the mounting of stereograms is the 
choice of suitable frames (masks, trimming, or 
windows limiting the fi eld in the case of stereo
scopes of box form). The fram es of t he two 
clements of a pair must be eq ual; under these 
condi tions they are seen stereoscopically as 
rectangles locat ed in space. 

H the stereogram represents a landscape, a 
monument, or any other object of large dimen
sions, the frames should be placed in such 
positions relative to the photograph that th ey 
give the illusion of seeing the obj ect through a 
window. The distance between corresponding 
sides of the two fram es must be about I /25th in. 
less than the separation of corresponcJ il:g points 
of the foreground. In other words, as in looking 
through a window, one must see a little more of 
the right of the subject with the left eye, and a 
lit tle more of the left of the subj ect with the 
right eye. 

On the other hand, if the stereogram repre
sents some small obj ect against a background, 
e.g. a medal resting on a moun t , it is desi rable 
to locate the frame in the plane of the back
ground, the object then appearing in fron t of 
the frame, the corresponding sides of which 
must have a separation eq ual to that of corre
sponding points of the background. 

In order to be able to effect these localizations 

• 
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it is necessary to know the dimensions and 
relative posi tions of the openings of the stereo
scope to be used (small varia tions of this type 
occur between stereoscopes of different ma kes) . 
To find this, a card of considerable length and 
about 1/25th in. narrower than the smaller 
dimension of the normal size (59 mm., for 
example, for a stereoscope 6 X 13 cm. ) is placed 
in the groo ves ; on this card are traced in pencil 
the boundaries of the openings of the stereoscope 
and the length of card necessary for mounting 
prints, a llowing about t in. extra to catch hold 
of. It is well a lso to mark the boundari es of a 
pl a te of the corresponding size (Fig. 2I4). 

850. Printing. The s tereoscopic ef1ec t is more 
realist ic when v iewing transparencies than when 

, r 

L R 

proj ec tion a lit t le less density (by shorter 
exposure) than the other ; even a marked 
difference of density scarcely affects stereoscopic 
viewing. At one time, when papers of different 
gradat ions were not available, some workers 
adjusted the exposures of the two prints so tha t 
one of them showed the light tones to bes t 
advantage and the other the shadows. 

Since the sensation of relief results from small 
differences of position of corresponding points 
of the two pictures, any circumstances affecting 
the sharpness of the prints will impair the degree 
of relief. It is t herefore necessary in printing 
transparencies by contact to take a ll the pre
cautions recommended in § 567. 

Prints of excessive contrast, when viewed 

• 

.J 
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s tereoscopically, readily give 
a "snow effect." This effect 
may be lessened by tinting 
the entire print, e.g. very light 
yellow, to give the effect of 
sunshine. 

F I G. 2 14. G U I DE FO R THE M OUN TIN G OF S TEREOSCOPIC PRINTS 

851. P rinting Stereoscop ic 
Transparencies. When printing 
in large numbers, it is usual to 
make a negat ive allowing both 
images to be printed at the 
same time, either by cutting 
and re-assembling the original 
negative or by making a dupli
cate negat ive from a suitable 

viewing prints, and the former a re more popular 
for pri vate co llec ti ons. Stereograms on g.l ossy 
paper a re often used for collec tions of scientific 
or technical interest when cos t is a primary 
consideration . Moreover, th ey lend themselves 
to transport by post, etc., wi th greater safety. 

When dealing with large sizes only , stereo
grams printed on paper a re practicable, and the 
printing is oft en done by photo-mechanical 
processes. 1 

The two images of each pair being generally 
exposed separately and developed toge ther, it 
is necessary to take precautions to give equal 
exposures to the two prints. \,yhen, however, 
the same transparency is to be used alternately 
for stereoscopic viewing ancl projecti on, it is 
advantageous to give the image to be used for 

1 Collo type, with its irregular gra in, is generally 
pre ferable to hal f-tone, with its prono unced geome trica l 
pattern. In pr inti ng stereoscopic pa irs in haH-to ne, 
it is advantageous to arrange the two directio ns o f the 
scree n at 30° to o ne another, and so render the pattern 
less obvio us . 

positive. 
For printing in small numbers the transposi

tion may be done a utoma tically by means of a 
triple-body camera fitted with a median parti
tion and two lenses (A. Bertsch, 1860), each of 
which reprod uces one of the images of the pair 
and reverses it latera lly, thus compensating for 
the reversal in the ta king camera. Various 
devices have been made to adapt the stereoscopic 
camera t o this purpose. In the specially con
structed instrumen ts the two lenses are generally 
mounted with a means of varying the separati on, 
so as to a llow of suitable placing of the images 
on the positive plate, this ad justment being done 
by exam ining the projec ted negative image on 
the ground glass . 

The printing of stereoscopic transparencies is 
usually done by contact 1 in a transposing frame 

1 A stereoscopic pai r giving only a v ery slight effect 
of relief, owing to the choice of a base too short in 
com parison with the di stance o f the subj ect, may be 
cons iderably improved by enlargement provided there 
is no near foreground. A rigorous geometrical reco n
struction is not, however, obtained. 
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requiring two exposures . These frames com
prise an exposure opening and grooves in which 
to slide the negative and positive plate. Stops 
hold the two plates in the positions indicated 
in Fig . 205, the left-hand image then being 
printed on the left half of the positive plate and 
the righ t-hand image on the right half of the 
plate. 

Th e types of transposing frames usually found 
on the market a re made for average resul ts , 
and satisfy most req uirements. T o prod uce 
transparencies adapted exactly t o a certain 
stereoscope it is necessary to obtain an adjust
able transposing frame, or t o make a sui table 
one. Their construction is easy if the principles 
given below are observed (A. Marteau, 1902). 

F or a long time it was usual t o bind up 
transparencies by a piece of plain glass 
after th e manner of lantern slides, first 
masking and titling the subj ect . The intro
duction of automat ic stereoscopes and the 
popularity of small sizes, which would be 
much reduced by binding, has led t o the 
abandonment of this procedure; the title is 
usuall y written in ink on one of the trans
parent parts (margin, or gap between the 
two images) . It is , however, advisable t o 
protect the film of the transparency wi th 
varnish. 

852. Construction of a Transposing Frame. 
Procure three sheets of Bristol board which, 
suitably cut, are pl aced one on t op of the other 
in a printing frame of convenient size , and form 
the transposi ng frame represented in Fig. 215.1 
Cut out of the cards three equal rectangles of 
length greater (by about 2t in .) than twice the 
length of the positive plates to be llsed , and of 
width greater th an the width of the plates, 
by about 4 in . Draw carefully the two axes xx' , 
yy' of the rectangles from which measurements 
of the various apertures will be taken . 

The centre card (represented by vertical 
shad ing) is sandwiched between the other two, 
a nd its thickness must be a t most equal to the 
thinnest negative t o be printed; if not, it will 
prevent contact between the negative and posi
tive plate. In this card cut an opening abed 
to receive the negatives with the least possible 
play. 

1 The fi gu re is drawn practi cally to scale for the case 
o f a 6 X 13 em . negative to be printed on to a 7 X 
13 cm. transparency plate. If the negat ive is of greater 
d imensions than the posit ive plate , the top card , form ing 
the gu ide. will only be fixed to the others along one of 
the lon ge r si des so that it may be lifted for inserting the 
negative. 

The card abdc, F ig . 215, which a fter moun ting 
will be in contact with the glass of the printing 
frame, serves as a mask. In it cut two openings 
efgh, iJ·kl; this card must be very thin; stout 
paper may be used instead of card. If the 
individual negative pictures are larger th an the 
openings in the frame of the stereoscope, these 
masks are cut about 1/25th in. la rger a ll round 
than the stereoscope masks, so tha t the openings 
a re well filled by t he pi ctures. If, on the other 
hand, the printing is done from a negati ve of 
smaller size, thi s mask is cut, leaving openings 
about 1/25th in . less in each dimension than the 
card forming the plate holder. In like manner, 
it will be necessary to provide each transparency 

FIG. 2 1 5. STEREOSCOPIC TRANSPOS ING FH Al\IE 

with a mask cutting off the plain glass at the 
margin , or at least to fit the stereoscope with a 
t emporary mask . 

The distance of ef from ab is measured on 
several negatives, and then the opening efgh 
cut accordingly . To carry out t he recommenda
tion made in § 849 for landscapes and large 
subjects, the distance between the corresponding 
sides ef, ij of the two openings of the mask must 
be about 1/25th in . greater th an the distance 
between corresponding points of th e foreground 
as measured on several negatives (greater, not 
smaller , as in the fini shed stereogram, by reason 
of the transposition). This fixes the position of 
the second opening ijkl equal to cfgh and having 
its hori zontal sides exact continuations of those 
of efgh. The card forming the negative holder 
is then glued, or fixed by any other appropriate 
means, on to the masking card. 1 

1 To make the best of stereoscopic negatives which , 
by m istake, were taken with an inclined base (camera 
tilted laterally duri ng exposure). a s imilar transposing 
fram e may be fl1ade . The negat ive hold er, in stead of 
being fixed , is cu t in two, and the two halves cen tred 
on the openings of the mask such that the lines joini ng 
corresponding points are horizontal, the negat ive being 
temporarily fixed by gummed strips. 



• 

528 PHOTOGRAPHY: THEORY AND PRACTICE 

The cutting of the opening ABCD in the upper 
card (represented by the spaced shading), which 
forms the slide for the positive plate, is best done 
by laying on it the card already made (Fig. 214) 
an d tracing the position of the openings of the 
stereoscope (§ 849) . To do this, the guide card 
is placed on t he frame so that th e rectangle D 
is centred over the opening ijkl and a trace of 
the guide on the negat ive carrier is made, thus 
determining the side CD of the necessary open
ing in the upper card and the begi nnings of the 
sides A C and BD. The side AB will be fix ed by 
the condition that the d istances of cd from CD 
and ab from AB must be equa l. It only remains 
to cut this third card on which has been drawn 
the rectangle ABCD, and to glue it on the other 
two in the position indicated by the lines. 

853. Stereoscopic Prints on Paper. Stereo
scopic prints are best trimmed with the help 
of a tr immi ng plate cut from the glass of a 
waste negative of size about 1/25th in . grea ter 
than that of the opening of the stereoscope. 1 

When the print is taken from a pair of negat ives 
on a single plate,2 the horizonta l sides are cut 
first with a trimmi ng plate of sufficient length 
and of width slightly greater th an the height of 
the openings of the stereoscope, on which a 
sq uared pattern has been traced, 3 having one 
direc tion parallel to the length of the stereogram. 
It is then easy, if the camera was correctly 
levelled when taking the v iews, to make the 
cuts correspond to the vertical lines of the 
subject (monuments, interiors) a nd to the hori
zontal lines joining corresponding poin ts of the 
pictures (in the case of photographs taken with 
an inclined camera, the two pi ctures had best 
be trimmed separately). The trimming of the 
vertical sides is then done with a plate slightly 
wider than the openings of the stereoscope. It 
is convenient to have this plate marked with 
num bered vertical lines facilitating its adjust
ment. In order that the framing should play 

J For mo unting photograph s small er than the s ize 
for whic h the s tereoscope is inte nded it is be tte r to usc 
black or very dark cards . The card may obv iously be 
of a ny colour if i t does no t appear in the fi e ld o f vicw. 

2 B e fo re trimming, take care to mark the two prints 
with a soft penc il on thei r backs with the le tters Land 
R to avoid con fus ion when mount ing . If thi s precau 
tio n has been o m itted the two prints may be id enti fi ed 
a"; foll ow5 : Lay one print o n top o f the other and hold 
the m up to the sun or a powe rful so urce of light, th ei r 
Ii! m s id es fac ing the observer. Adj us t them until th e 
backgro und s co in c ide; then thc fo regro und of thc 
le ft-hand picture extends beyo nd the rig ht of tha t of 
the right-hand picture . 

3 These lines may be made by drawing on an un de
veloped fix ed plate. 

the part of a window for the foreground, the 
plate is placed with one of the vertical lines on 
an easily identified reference point in the fore
ground of the left-hand picture, and the plate 
is next placed on the right-hand picture, so that 
the corresponding reference point is on the right 
of the vertical ruling. 

The positions of each of the prints on the 
mount are marked with a slip of card or thin 
metal on which has been drawn or traced the 
transverse boundaries based on the guide card 
(Fig. 214), but remembering that the width of 
the prints should be slightly greater than that 
of the openings of the stereoscope. It is very 
important , before fin ally attach ing the prints 
t o the mounts, to make sure that the lines joining 
corresponding points are parallel to the long 
sides of the card. This can easil y be verified 
by means of the t rimming plate already used for 
cutting the hori zontal sides. 

F or rapid mounting, the wet prints may be 
appli ed gela tine side down to a piece of glass th e 
same size as th e transparencies. To obtain the 
correc t positions the glass is placed on the guide 
card (Fig. 214). Th e prints being seen through 
their backs, the left -hand image wi ll be on the 
right, so that when seen through the glass the 
two occupy their correct positions. 

854. When th e photographs have been taken 
on separate plates, and particularly in the case 
of large negatives taken from two distant 
stations, it is first necessary to identify them as 
already described. If it is desired to make th e 
reconstructed objec t appear in front of th e 
frame, the two prints can be trimmed sin11' l
taneously by making their backgrounds coincicrc 
while trimming. Otherwi se, trimming in this 
position must be limited to the horizontill sides, 
the vertical sides being cut as described above. 1 

We cannot go into a ll the special precaution s 
necessary in mounting s tereoscopic prints of 
large size for mirror stereoscopes; these precau
tions will suggest themselves after some experi 
ments with the particular st ereoscope to be used. 
Th e procedure wi ll be understood from what has 
a lready been said. 

1 In the case o f vertica l aerial photographs, COIl 

sideratio n of th e displacem ents. o f th e backgrou nds 
and foregrounds is no t su rflcient to differentiate th e 
two photographs . The left- hand picture is generall y 
the o ne of which the pri ncipal p o in t is neares t the lcft
hand s ide (except in the case o f vicws takcn with ax es 
acc identa lly converg ing to a po int above the ground) . 
I n this case hor izontal c uts must b e made parall el to 
the line join ing the respective principal poin ts o f the 
two im ages . 
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855. Stereoscopic Transparencies from Sep
arate Negatives. If the negatives have been 
taken with a ste reoscopic camera using two 
separate plates, it is easy t o construct a trans
posing frame similar t o tha t described in § 852, 
but, in place of the single negative carrier abed, 
two separa te negat ive carriers must be m ade , 
sufficiently separated from one another to give 
the necessary rigidity t o the card situa ted 
bet ween the two openings. This increases th e 
separa tion between the openings and the length 
of the slide ABe D for the positive pla te. 

F or prin ting la rge stereoscopic pairs on a 
single transparency such a transposing frame 
would be very cumbersome. Moreover , when 
the negatives have been taken from separate 
stat ions, the backgrounds do not generally 
appear in the same position on the two nega
tives, and such a transposing frame can only be 
used for pairs of negatives wh ose backgrounds 
are in the same position relative to the openings . 

The following method (L. P. Cle rc, 1917) works 
very well. Two card frames (Fig. 216) , not 
thicker th an the thinnest positive plate , a re cut 
with opell ings of the normal size of the positive 
pla tes . The two frames a re marked with the 
letters L and R, and a lso by means of notches 
cut on the two sides of the right angle by which 
the plates can be lifted. 

A stereoscopic pair, printed on paper from the 
desired negatives is m ounted on a plate of glass 
of the same dimensions as the transparencies, 
the prints being attached t o the glass by their 
backs. Before the m ountant is dry this pro
visional stereogram is viewed in the stereoscope 
to make sure it is mounted correctly . 

After drying this model, the right-hand nega
tive is applied against the print, in a good light , 
and the two right-hand images caused to coin
cide. 1 Register having been ob tained, it is 
carefully mainta ined, a nd the wh ole placed on 
the edge of a table, the negative underneath. 
N ow pass the left hand through the opening of 
the right-hand frame t o press the m odel stereo
gram against the negati ve , and place the frame 
round the model with the two sides of the a ngle 
m arked R in contact wi th the lower right-hand 
corner of the model. H old with the right hand 
the combined negative and frame, and, removing 
the m odel, turn it over on the table, fram e under
neath. Fix the negative on the frame with 
thick rubber solution or strips of gummed paper; 

• 

1 If, o wing to s tretch ing o f the paper, coinc idence 
cannot be obta ined over the whole image, adjustment 
is made over t he cent ral reg ion . 

34- (T· 56 30 ) 

do not wet the parts of the strips which touch 
t he gelatin e film of the nega tive. Whilst th ese 
st rips are drying, proceed with the same regis
tration of th e left -h and negative , then ve rify 
th at there has been no appreciable d isplacement 
of the frames by placing the m odel stereogram 
in each one in turn , placing it against the lettered 
angle; if there has been any m ovemen t it must 
be rect ified. Whilst the m odel is in place , mask 
on each frame the a rea corresponding t o the 
other negative by means of a piece of b lack 
paper (held in place with gummed stri ps) , of 

Frame for printing 
right-hand picture 

Frame for printin8' 
left-hand picture 

F I G . 2 16. T RANSPOSING .MAS KS 

(Clerc) 

which the free edge must coincide with the line 
of junction of the two prints of the m odel. 

The whole operation, longer t o write th an to 
carry out, takes hardly a quarter of an hour 
from the time the model is ready for use. 

The printing can then be done in a single 
printing frame or in two printing fram es, t aking 
care t o place the negatives in corresponding 
posit ions, e.g. guiding angles towards the opera
tor. Th e positive pla te will be exposed t o light 
behind each of the two negat ives, placing it 
each time against the register angle. In these 
circumstances the transparency will be made 
wi th the pair of images in the same positions as 
in th e model. 

856. Printing of Anaglyphs. Anaglyph s on 
paper a re usually produced by photo-mechanical 
met hods, collotype being convenient for small 
edi tions and half-tone for la rge n um bers. 
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Originals sen t to the collotype or photo-engra v
ing firm must be very carefully masked, accord
ing to the direct ions set out in § 849. In the 
case of half-tone reproductions it is well to 
instruct the engraver to angle the screen as is 
usually done in three-colour block-making for 
the red and blue negatives so as t o avoid any 
moi[(~e effect (which would disappear when 
examined through bi-coloured glasses) . If the 
frames have been suitably placed, the printing 
must be done so as to ensure their coincidence. 

For the production of anaglyph transparencies 
for direc t viewing or proj ect ion, the necessary 
precautions must be taken that the two images, 
printed on separate plates, occupy the correct 
posit ions relat ive to one another when placed 
fi lm to film the edges of the pla tes coinciding. 
The blue image may, for example, be made by 
prussian blue toning (§§ 598 and 601), or by 
dye-toning with methylene blue made slight ly 
greenish by methylene green or malachite green; 
the red image may be made by imbibition 
without washing out (§ 675) by means of 
ammon iacal carmine, the image printed from 
a positive being thus reversed. 

The red image may a lso be made by the same 
methods as the blue, but using a th in fi lm. 1 

(f) STEREOSCOP TC P ROJECTT ON 

857. Classification of the Various Methods. 
The various known methods of s tereoscopic 
projection may be classified as follows,-

(A) The images are projected one on the 
other and are selected-

(I ) By alternately cutting out the two pro
jected beams, with synchronized cut-out of the 
individual viewing apparatus. 

(2) By their colour, each observer being 
supplied with an appropriate bi-coloured pair 
of spectacles. 

(3) By polarization in different direc tions of 
the light in each of the projecting beams, each 
observer being provided with an analysing 
apparatus . 

(4) By purely geometric means of less general 
applicat ion, stereoscopic vision only bei ng pos
sible to a single observer, or several observers 
in certain definite positions. 

I F or making anaglyphs films have been placed on 
the market with a positi ve emul sio n givi ng images 
of weak contrast and without a gelat ine coati ng 
o n the back. These a re exposed und er a specia lly 
p repared transparency (§ 570), and a fte r development 
they are bleached in the bromoi l bleachin g bath 
(§ 699). rin sed, fixed, washed, dried and d yed (§ 675) · 
The d ye fi xes on the non-hard ened gela tine and a 
positi ve im age is obtained. 

(B) The images are projected side by side, 
the enlarged stereoscopic pair on the screen 
being examined-

(I) By a mirror stereoscope . 
(2) By special binoculars. 
(3) By prisms. 
(4) By a mask permitting each eye to see only 

one Image. 

858. Alternating Viewing. T his method, some
times called strobo-stereoscopy, was described 
in 1858 by ]. Ch. d ' Almeida . The two images 
are thrown by two projectors illuminated alter
nately with a frequency of about IS exposures 
per second for each image. In front of each 
observer a system of two eye-holes or two eye
pieces is provided with shutters synchronized 
with those of the proj ectors, so that the right eye 
sees only the right image and the left eye the left 
image, with persistence of vision for both eyes. 

Nothing appears to show that these projectors 
were actually made by d' Almeida. The appli
cation of this principle to s tereoscopic cinemato
graphy (with the possibility of using only a 
single projector, the film consisting of alternate 
right and left-hand pictures of the same scene) 
has been patented many times since the begin
ning of cinematography, notably by Dr. Doyen 
(1900), by Grivolas (1901), by E . R eynaud (1902) , 
and by C. Schmidt and C. Dupuis (1903); the 
latter ra n a cine-stereoscopic show for several 
months in Rue d'Hauteville, Paris; each spec
tator was provided with a species of opera glass 
attached to his chair by electric wires, which 
controlled an elec tro-magnetic shutter. 1 

859. Projection in Two Complementary 
Colours. In the same paper in whi ch th e above 
process was suggested , d' Almeida wrote of a 
method of stereoscopic proj ec tion, using pro
j ec ting beams of red and green for the two images 
of the pair. By placing in front of the eyes red 
and green glasses complementary to each other, 
the red beam is extinguished by the green fi Iter 
so that the eye, seeing through the green fi lter 
sees only the image projected with green light , 
whilst, for the same reason, the other eye, looking 
through the red filter, sees only the image 
projected with red light. 

Soon after th is publication, l~ollmann claimed 
the priority of a similar process for the projec
tion of stereoscopic pictures (§ 833). 

1 Sim il ar dev ices have bee n lI sed for stereo- radio
scopic vis ion, usin g two anti-cath odes at a convenient 
dis tance from one anothe r, a nd exc ited alternately in 
synchronism with the c ut-o ut o f the eye- p ieces. 
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Many attempts have been made to reduce the 
fatigue resulting from the very different sensa
tions experienced by the two eyes by using, both 
on the projectors and on the analysing glasses, 
complementary filters of nearly neutral tints. 
F. E . Ives in 1896 claimed to have succeeded 
in making two filters practically uncoloured, 
one transmitting the extreme red and a narrow 
band in the middle of the green, whilst the other 
transmitted two other spectral groups, one, on 
both sides of t he yellow, and the other in the 
blue-violet region . The same results were 
obtained abou t 1906 by R. Luther. 

A paper was published by H . Lehmann (1917), 
describing an apparatus for stereoscopic pro
jection of ordinary stereograms in comple
mentary colours (by ordinary stereogram is 
meant two black images side by side). A 
lantern using an arc and single condenser is 
fitted with two equal prisms joined by their 
edges along the line of junction of the two 
images of the pair, and two lenses of variable 
separation . H e also points out that by suitable 
adjust.ment of the regions of transmission of the 
fi lters used, so that the transmitted luminosi
ties are equal, it is possible to suppress all effect 
of colour in the proj ection of the p ictures in 
black and white, for an observer seeing normally 
in colours, or to project stereograms in colour 
without alteration of their t ints. H e indicates 
the following liquid filters as fulfilling approxi
mately the above conditions : a solut ion of copper 
sulphate saturated when cold in a cell IS mm. 
thick, and a solution of potassium bichromate 
saturated in the cold and acidified with sulphuric 
acid in a cell 10 mm. thick. 1 

This method of projection, employing two 
complementary colours, has been claimed, in its 
application to cinematography, by Grivolas, in 
a pat ent in IgOI, and since then by innumerable 
inventors. The different variations of the pro
cess employ either two simultaneous projectors 
or alternate projection of the left and right-hand 
pictures with the use of sui table colour filters 
on the shutter or alternate tinting of the images 
themselves on the film. 

The stereoscopic" Chinese shadows" (incor
rectly called anaglyphs on t he programmes of the 
music-halls exhibit ing this attraction), due to 
L. Hammond (1923), are based on this type of 

1 Yellow a nd slightly p urplish blue filters, each 
transmittin g a different portion of the green and a 
different portion of the r ed, were made in I933 by L. 
Lumiere. 'The visual energy received by the two eyes 
bein g the same there is no fatigue. These fi lters have 
been used in stereoscopic cinematography. 

projection. Two ordinary projectors situated 
behind the stage illuminate a transparent screen , 
one with red and the other with green light. A 
person or object situated between the projectors 
and the screen appears on the screen as two 
shadows, one in red and the other green. If 
the left-hand projector, relative to the audience, 
has a red [liter, and if the bi-coloured spectacles 
are worn so that the left eye is covered by the 
red filter , the observer sees in front of the screen 
a single shadow of the object in silhouette. This 
shadow will appear nearer the audience the 
nearer the object is to the projector, and a 
scene will have a greater exaggeration of depth 
the greater the separation of the projectors. 
By reason of the known laws governing the de
formation of reconstructed objects when viewed 
stereoscopically under abnormal conditions, any 
object thrown towards the projectors will appear 
to be thrown towards each individual of the 
audience whatever his position in the theatre. 

860. Projection of Anaglyphs. At tile same 
time as he applied the anaglyphic method to the 
production of stereoscopic pairs of large size 
on opaque supports (§ 833), Ducos du H auron 
applied the same principle to the production of 
transparencies for projection . 

The application of the anaglyph to cinemato
graphy was first pointed out, we believe , by 
O. Gersacsevics and E. Franzos (1907), who 
described the production of anaglyphic film by 
superposition, after suitable toning, of two 
positive films placed gelatine to gelat ine, one 
hav ing been printed from a negative back to 
front. Many patents taken out since then claim 
the idea, but make use of fi lms coated oil. both 
sides, as currently used in various two-colour 
cinematograph processes. 

861. Projections in Polarized Light. The use 
of polarized light (§ I2za) for stereoscopic pro
ject ions seems to have been suggested first by 
Otto \<\Tiener. It was fi rs t put into practice in 
1891 by J ohn Anderton, who showed the pro
cess in public in London for some time. The 
projection was made on a screen which d id 
not depolarize the light (ground glass, or silver 
paper mounted on calico) . Two lanterns were 
used, one beam being polarized horizontally and 
the other vertically, by piles of plates the con
st ruction of which was very minutely described 
in the patent . The projected images were 
examined by means of binoculars fitted with 
similar piles of plates. 

Although this process has been described in 
various periodicals and in a great number of 

• 
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treatises on stereoscopy, it has been re-invented 
many times. Its application t o cinematography 
was cla imed in 1908 by Boris W einberg. 

862. Geometrical Separation of the Two 
Images. About 1860 Claudet poi n ted out a 
process for st ereoscopic projection, which , un
fortunately was only v isible t o one person in a 
definite position. The two images are project ed 
obliquely on a slightly ground glass, each in 
the direction of the eye to which it corresponds. 
Each eye sees the two images, but one of them 
appears much clearer than the other. 

A m ore exact arrangement, but of equally 
limited applica tion, was described under the 
name of the "concentration stereoscop e " by G. 
Jager (1905). The images were projected on a 
lens in such a way that the eyes could occupy 
the conjugate points of the exit pupils of the 
project ing lenses . 

A process suggested in I 908 by E . E stanave 
is a m ore complete solution of the problem, a 
large number of positions for stereoscopic v iew
ing being possible , but the p ractical difficulties 
of the stereoscopic screen , viz., a t ransparent 
d iffuser having in front of it a vertical line 
grating (§834) , have not permitted of its practical 
use. 

863. Stereoscopic Viewing of a Pair of Images 
Thrown on a Screen Side by Side. Th e various 

' -

arrangements a lready described for viewing large 
size st ereograms are applicable to a pair of 
images thrown side by side on the screen . 

A stereoscope having two mirrors in front of 
one eye (§ 830) was described in I 899 by J. H . 
Knight for v iewing stereoscopic projections. 

The use of Galilean binoculars with variable 
separation of the objec tives was proposed in 
I903 by A. P apigny for viewing stereograms of 
large size and for st ereoscopic projections. The 
use of this idea fo r cinematography was cla imed 
by Prepognot (1904) . 

The use of pairs of pri sms of adjustable 
orientation was described by Moessard for view
ing stereoscopic projecti ons, the two images 
being either one above the ot her or side by side. 
It is simpler, as was worked out by J. Mace de 
Lepinay, t o distribute to each row of the 
audience (or to the people in several consecutive 
rows), a pair of prisms adjusted to the angle 
subtended at each seat by the centres of the 
two images proj ected on the screen side by 
side. 

Finally , there is the very simple apparatus 
used in Brussels in I 89I by M. Moulin. Each 
spectator held at some distance in front of the 
eyes a card having a rectangula r hole cut in t he 
centre through which each eye could only see 
its corresponding picture (§ 826). 



CHAPTER XLIX 

COLOUR PHOTOGRAPHY 

864. The Various Processes. Since the begin
nings of photography there has been the wish 
to reproduce not only the shape and the tones, 
but also the colours of the objec ts photographed, 
and a long list could be compiled of rogues wh o, 
by pretending to have invented marvellous 
processes for the photograph ic reproduction of 
colours, have been able to rob the artless, who 
have allowed themselves to be deceived by some 
tricks of sleight-of-hand. 

The first hopes of success were given by the 
experiments of A. E. Becquerel (1848), who, 
making use of a phenomenon previously pointed 
out by Seebeck (1810), was able to reproduce 
the colours of the solar spectrum and then those 
of some objects on silver plates the surface of 
which was incompletely chlorided (at that t ime 
it was believed that a superficial layer of silver 
sub-chloride was formed). The results were only 
approximate, and these images could not be 
fixed. Nor did more success attend later at
tempts by a hos t of experimenters, who, instead 
of the silver pla te, used a print-out paper 
previously fogged uniformly t o produce a 
pu rplish colour 1 (photo-chloride; footnote to 
§ 520). 

F ruitless attempts had been made to utilize 
an observation made by Chevreul to the effect 
that the mixture in variable proportions of 
th ree suitably chosen p igments enables a large 
number of colours to be formed. The principles 
of trichromatic photography were, however, 
first clearly set fort h by J. Clerk Maxwell (1861), 
who was the first to conceive and use the idea 
of selection negat ives and three-colour proj ec
tion . In 1867 C. Cros, a writer of humorous 
fic t ion, deposited with the French Academy of 
Sciences a sealed envelope (not opened until 
1876) in which he laid down some of the prin
ciples of three-colour photography . Following 
the publication in February, 1869, of a patent 
applied for in the previous year by L. Ducos du 
Hauron, Cros published a paper on this subj ect, 
but it may be said that the most complete 
outline and forecast of the many working 
processes of three-colour photography were 

1 It is curioLI s to note that this" adaptation " of the 
se ns itive layer to the colour of the incident light occurs 
without a fresh liberation of s il ver (H. Buchheit, 1932) . 

given by Ducos du H auron in 1869. Although 
the communications of Ducos du H auron were 
accompanied by some specimens, the lack of 
scientific precision in his descriptions, his a llu
sions to an abandoned physiological theory, and 
the belief, general at that time, in the comple te 
inactivi ty of green and red light on photographic 
preparat ions, all provided ma terial for a violent 
campaign which deprived t he inventor of all 
support for exploiting his processes and post
poned their application un t il, twenty yea rs 
la ter, these same processes were" re-invented. " 

An observation by Grothuss (1819) that 
fugitive colour substances a re destroyed by the 
radiations complementary to those transmit ted 
by the respective substances led C. Cros (1881) 
and R . E. Liesegang (1889) t o suggest the 
possibili ty of reproducing the colours of a trans
parent polychrome image by exposing to light, 
beneath it, a sensit ive layer formed of the b lack 
mixture of three fugitive colours, red, ye llow, 
and blue. Such bleach-out colour films (ex tra
ordinarily slow) were worked out in particular 
by E . Vallot (1895), R. Neuhauss (1902), and 
Ie W orel (1902) . A very considerable advance 
in these processes, due to J. H. Smith , enabled 
a paper (Uto, perfected in I9II un der t he name 
Utocolor) t o be placed on the market which 
yielded a copy after about an hour' s exposure 
to sunshine, without, however, ensuring the 
permanence of the image. This process has 
been abandoned, although some experimenters 
are still endeavouring to perfect it. 

A method conceived and worked out by G. 
Lippmann in 1891, as an experimental demon
strat ion of the p henomena of the interference 
of ligh t , has furnished resul ts of rare beauty and 
absolu te perfection, but for lack of being able 
to obt ain commercially the apparatus and the 
plates requi red , and perhaps also because of 
the exposures being very much longer than 
those usua l a t the present time, this process has 
been lit tle used and has been almost a bandoned . 
A perfectly transparent, grainless, gelati no
bromide emulsion is rendered panchromat ic and 
exposed t o light on its glass side in a special 
slide, forming a hermetically sealed tank of 
which the plate fo rms the front, a nd which is 
filled with mercury, thus obtaining a mirror in 

533 
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optical contact with the emulsion. The light 
reflected " interferes " with the incident light, 
forming within the emulsion a system of 
alternating light and dark layers, parallel and 
equidistant . After developmen t , the reduced 
silver gives rise within the emulsion t o a stratified ' 
formation of which the laminae , corresponding 
wit h the light layers, represent layers of gela tine 
which have, in t he case of elementary colours, 
a thickness equa l to half the wave-length of the 
incident radia tion (it is not possible to discuss 
here t he case of complex colours, which are, 
however , quite as perfectly reproduced as the 
elementary ones) . These t hin laminae have 
exactly the correct thickness t o reproduce 
the inciden t colour by reflection (colour of 
soap-bubbles) . 1 

The three-colour processes, as practised com
mercially , require three negatives to be t aken, 
and then the superposition in accurate register 
of t he three elementary positive images . These 
operations, while presenting no unsurmountable 
difficulty , are certainly delicate and slow, and 
therefore this method is seldom practised except 
in photo-mechanical processes. One of the 
methods outlined in 1869 by Ducos du H auron 
consist ed in intermingling the three elementary 
images instead of superposing them. A some
what crude attempt to apply this idea was made 
by J. J oly with only very limited success . H e 
used a screen, in each inch of which were 180 
bands, alternately violet, green , and orange . 
This process did not come into general use by 
professionals and amateurs until the production 
in 1907 by A. and L. Lumiere of the Autochrome 
plate (with a t richrome mosaic screen formed of 
elements of microscopic size) . 

Starting both from a suggestion by J. 
Szczepanik (r899) and from the working methods 
specified by G. Lippmann for in tegral photo
graphy (§ 835) , R. Berthon (1908) described a 
p rocess of three colour photography where the 
three images are intermingled in the emulsion 
of a fi lm of which the naked surface has been 
em bossed to form lens elements of microscopic 
size . This process has been exploited in r 923 

1 A Lippmann interference photograph 111ay b e 
c0l11pared to a series of resonators each of wh ich 
" s mothers " all vibrations other than those in reson
ance, that is , radiations identical with those hav ing pro
duced the stratificatio n or with their octaves. We may 
remark in passing that an interference photograph fo rms 
the s implest of spectroscopes. T he stratifications of 
these photographs arc vis ible and measurable with the 
microscope in sections cut transversally in the gelatine 
film and put in water to swell , so as to increase propor
tio nally t he thickness of the v arious t hin laminae. 

for professional cinematography by Keller
Dorian, and later for sub-standard amateur 
cinematography by the Kodak Company (1928), 
and, subsequ ently, by variolls other firm s. 

While it is necessary always t o be exceedingly 
cautious in denying future possibilities , it does 
not seem rash t o affirm that any inven to r 
announcing that he has succeeded in reconst i
tuting the colours of a subject by means of an 
ordinary photographic negative exposed under 
whatever conditions, m ust be either a lunatic, a 
humhug, or a rogue. 

(a) P R I NCI PLES OF THREE-COLOUR M E TH ODS 

865. General Notes. The concep t of Ducos 
d u H auron, as set 'out in his publications, may 
be summarized as follows (E. Wallon). 

Any colour, natural or artificial, is a combina
tion of the elementary rays contained in white 
light and which t he spectrum shows us dis
associat ed (§ I ). T o obtain an exact analysis 
and synthesis of a colour,it is necessary to 
separate all the radiations which compose it, 
t o measure them, and to re-combine them in th e 
same proportions. Now, t hese elementary rays 
are infinite in number, so that the double opera
tion seems impossible. Experience , however, 
fortunately reveals t o us a simplification whi ch 
renders it possible. It shows us that we can 
first gather the elementary colours into a limited 
number of groups which can then be treated as 
indivisible elements. Thus, in analysis, it will 
be sufficien t t o t ake the whole of the radia tions 
belonging to each of the groups without need t o 
detail them . For synthesis, instead of introduc
ing the radiations themselves into the combina
tion, we can again t ake these groups, wit hout 
troubling whether they occurred complete and 
with their normal composition in the complex 
colour that we wish to reproduce. 

The number of these artificial groups may be 
very limited. It is sufficient t o fo rm three, 
suitably selected, in order t hat t he double 
operation of analysis and synthesis may be 
fully satisfactory in practice. 

866. Trichromatic Selection. If a given mul ti
colour objec t illuminat ed by white ligh t is 
photographed three times , on pla tes of appro
priat e sensitiveness, and through filters which 
are respectively blue-violet, green, and red , and 
divide about equally t he visible radia tions of 
the normal spectrum, it will be found that the 
three negatives obtained differ very conside r
ably . While white, neutral grey, and black are 
rendered t o t he same extent in all three negatives 

• 
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when the exposures have been correctly pro
portioned, colours will be rendered very differ-
ently in them. • 

A pure saturated yellow for instance, which 
reflect s nearly all the red and green rays , but 
a bsorbs the blue rays of incident light (§ 5), will 
be photographed as a very light grey would be 
through the red or green filters, and like a 
black through the blue filter. A vermilion, 
which reflects the major part of the red rays and 
absorbs the green and blue rays, will be rendered 
li ke a light grey through the red filter, and like 
a black through the two other filters . A yellow
ish-green, which reflects m ost of the green rays 
and a small fraction of the red rays , but absorbs 
the blue rays almost completely , will be rendered 
as a rather light grey through the green filter, 
li ke a medi um grey through the red filter, and 
like black through the blue filter. 

The differences between the negatives will 
remain , though less marked, for light, mixed, 
and dark colours (§ 8) . Thus, for inst ance, a 
sky-blue, which reflect s all rays but with the 
predominance of blue, will be photographed 
nearly like white through the blue filter and like 
a light grey through the two other filters. A 
myrtle green, which reflects some few green 
rays and absorbs all the others, will be rendered 
as a dark grey through the green filter and like 
black through the other two filters. 

867. Additive Synthesis. Let us suppose that 
three transparencies, printed from the negatives 
described above, are each placed in a proj ection 
lantern, the three lanterns being adjusted so 
that the three images are superimposed on the 
screen. Let us place in each of the three beams 
of light the filter used in taking the correspond
ing negative , and let us adjust the intensities 
of the three beams so that white light is produced 
on the screen in the absence of the three trans
parencies, or, if not white, a t leas t a light without 
any predominant hue. 

In the portions corresponding with the pure 
whites of the subj ect , the three coloured beams 
(transmitted at their m aximum intensity by 
the transparencies which are quite transparent 
in the image of these whites) will form white 
light on the screen. The image of a neutral grey 
will be of equal density in all three trans
parencies ; the three beams, weakened propor
tionally, will still produce a white light, but one 
of reduced strength, giving the sensation of a 
more or less dark grey by comparison with the 
pure whites. A black in the model will be 
rendered as black in the three transparencies, 

which will not allow any ligh t to pass to the 
screen and will thus give the impression of black. 

If we consider the various colours of the model 
we shall find that they are reproduced satis
factorily with their various tones. 

The images of a pure yellow object are equally 
transparent in the transparencies that control 
the distribution of the red and green lights, but 
this image is opaque in the transparency placed 
in the beam of blue light. The sum of the red 
and green lights, which are the only ones to 
reach the corresponding points of the screen, 
constitutes yellow (§ 5), wh ich is brighter accord
ing as the original colour was purer. The image 
of a vermilion is transparent in t he transparency 
proj ected by red light and opaque in the two 
others, so that the screen receives only red light 
at the corresponding points. The image of a 
yellowish -green object is transparent in the 
transparency proj ected by green light, slightly 
transparent in that passed by red light, and 
opaque in t he other. On the screen this object 
will be formed by green light tinged with yellow 
by the addition of a little red light. 

The image of a sky blue is completely trans
parent in the transparency illuminated with blue 
light and a little less transparent in the others, 
so that in the mixture of the three beams the 
blue will predominate slightly, thus giving a 
blue with an admixture of much white. The 
image of a myrtle-green is opaque in the trans
parencies distributing the red and blue lights 
and a little less opaque in that controlling the 
green light . The image, formed only by green 
light of much diminished intensity, will t herefore 
appear a dark green . 

868 . Subtractive Synthesis. Three-colour syn
thesis by the actual superposition of coloured 
positive films, of dyes , or of inks, is up to the 
present the only one which lends itself to the 
production of prints on paper and other opaque 
supports. 

Pigmcn t used Groups o f spC'ctra\ 
Selection Name of rays transmitted for the [liter negative or diffused by positive t his pigmcn t 

• 

Bluc violct Yellow printer Yellow Green + lcd 
P ure green P ink printer Pink Red + Llue-violet 
Vermilion Blue prin ter Greenish blue Bil!c-violet+ glecn 

The role of the superposed coloured layers is 
to absorb at each point of the image, which 
we obviously assume to be lighted by white 
light, those radiations which the object photo
graphed did not emit . Each of the colours must 
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therefore absorb the spectral rays transmitted 
by the corresponding selection filter of which it is 
thus the complementary, as pure and as saturated 
as the dyes or pigmen ts at our disposal permi t. 

F or example, the image printed from the 
negative made with the green filter must be 
formed of pink dye or pigment, transmit t ing 
or diffusing all the visible rays not transmitted 
by t he green filter and only those, that is t o 
say, the total of the blue-violet and red rays. For 
the various points of the subj ect have recorded 
themselves on the negative with a density which 
is less according as t he emission of green rays 
is less, and in consequence the positive printed 
from this negative shows most density in the 
points which did not emit any green rays; the 
pigment used to form this image must the refore 
absorb the green i-ays and only them_ 

869. Let us assume that three film images 
have been superposed , obtained, for instance, by 
dyei ng gelat ine reliefs (§ 676) in suitable colours. 
These images (called elementary m onochromes) 
ha ve been printed under the select ive negatives 
previously considered (§§ 866 and 867) . 

These three films are colourless in th e parts 
corresponding with the pure whites of the 
subj ect; their superposition in register will 
naturally prod uce white. A black object will 
be represented in each of the ftlms by the colour 
at its deepest intensity . If each of the colours 
ac tua lly absorbs one-third of the spect rum, a ny 
rays which pass through two of the films will 
necessarily be absorbed by the third, a nd the 
abse nce of a ny transmitted light will give the 
sensation of b lack. Images of a neutral-grey 
must be of the same density in all three film s ; 
if the respective colour intensities are correct ly 
balanced, the absorp tion due to their super
position will be the same for all visible rad ia tions, 
and a neutra l-grey will be the result. 

The image of a yellow will be represen ted by 
ye llow in one of the fi lms, the others being 
colourless at the corresponding poin ts. The 
image of vermilion is formed by the superposi
tion of yellow a nd of pink. The result ing colour 
will be due only t o the rays in the spectral 
region tra nsmitted by one and the other of the 
two superposed dyes; it will t herefore be a pure 
red . The image of a yellowish -green object will 
be due to the superposition of ye llow a t full 
intensity with greenish-blue of reduced in ten
sity. This will transmit all the green rays and a 
portion of the red rays , incompletely absorbed 
by the non-saturated greenish-blue, thus repro
ducing the yellowish-green of the subj ect. 

The image of a sky blue is formed entirely 
by the blue ftlm, which is very weakly coloured 
in this part, thus reproducing the blue (mixed 
with white) of the subj ect. The image of a 
myrtle-green will be formed by the superposition 
of the yellow and of greenish -blue of full depth , 
and of pink of somewhat less intensity . The 
pure green resulting from the superpositi on of 
the yellow and greenish-blue will be greatly 
darkened by the pink which is its complemen
tary , but of which th e intensity is insufficient 
to effect complete extincti on. The dull green 
of the subj ect will thus be formed . 

870. Similarities of the Two Methods of 
Synthesis. The following experiment shows th e 
close correlation between synthesis by addi t ion 
of lights and subtractive synthesis by super
position of pigments. 

Three projection lan terns being adjusted as 
assumed in § 867 and fit ted each with its coloured 
fi lter, let us place on ly one of the transparencies 
in its corresponding lantern. If, for instance, 
we place in the lante rn projec t ing green light 
the transparency printed from the negative 
exposed through the green filter, it will be found 
that the image on the white screen appears a 
bright p ink, which is a mixture of the blue and 
red ligh ts freely passed by the lanterns in wh ich 
there are no t ransparencies. In th e same way , 
if only the tra nsparency corresponding with the 
blue filter, or with the red fi lter, is placed in 
position, the image on a white screen will appear 
as ye llow (mixture of green a nd red) or as 
greenish-blue (mixture of blue and green). 

The introduct ion of one transparency in the 
beam of light correspond ing with it stops the 
rays which the partly masked filter would have 
transmitted , and by the acti on of which the 
corresponding negative was made. The colour 
which results from this subtraction is naturally 
the romplementary of th a t of the select ion filter. 

The simultaneous in trod uction of two t rans
parencies, each in th e beam corresponding with 
it, removes from the parts of the image common 
to both the rays which th e two filters thus 
masked transmitted, thus leaving only the light 
t ransmitted by the third filter. This last colour 
is exactly that which would result from the 
superposition of the two pigmentary images, 
respectively complementary to the ma,ked 
filters. If, for ins tance, the only filter the light 
from which is not thus intercepted by a trans
parency is the green filter, the green which on 
the screen illuminates the parts common to the 
two projected images is the one that would be 

• 
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obtained by superposing a yellow monochrome 
(complementary to the blue filter ) and a greenish 
blue monochrome (complementary to the l ed 
filter). 

871. Impossibility of Trichromatic Reproduc
tion of the Spectrum. Th e trichromatic pro
cesses, while reproducing and modulating satis
factori ly pigmentary coiours, at least when their 
bands of complete absorption and re fl ec tion a re 
not very narrow,' fail to give even a grossly 
approximate rendering of the spectrum. 

Wh en an attempt is made to reproduce the 
spect rum, it is found that the latte r is divided 
into five flat tints. The three regions, each 
tra nsmitted by only one select ion filter, are 
represented by the colour of this filter. The 
two intermed iate bands are rendered diffe rently 
accord ing as the spectral-transmission regions 
of the selection filters have, or have not, regions 
in common. If such regions overlap, the colour 
of the intermediate bands is that of the addition 
of the lights transmitted by the respective 
filters ; if these regions have a gap between them , 
the intermed iate bands are black. 

By reason of its very principle, trichrome 
photography cannot reproduce a colour which 
is more elementary than those of the filters 
used for analys is. This impossibili ty is of minor 
account , since elemen tary colours do not exist 
in Nature. The rainbow and the colours due 
to interference and polari zation are sufficiently 
far removed from elementary rays to permit of 
bei ng reprod uced satisfactorily . 

872 . Photographs in Two Complementary 
Colours. While it is obviously impossible, by 
employing two colours only, to reconstitute a ll 
colours correc tly, it is at least possible to obtain 
in th is way very pleasing effects which can even 
give an a lmost perfect illusion of reality where 
there is no means of comparison , as is the case 
when pictures a re projected in a darkened room. 
It is of course necessary that the missing colours 
should not be essential to the picture (L. Ducos 
du H auron, 1895). 

This incomplete method of colour reproduc
t ion has been, until quite recently, the one most 
genera lly used in colou r cinematography, 
either with additive synthesis 2 (alternate view-

l Owing to these peculiarities, difficulties have 
occurred in the reproduction o f the purple v io let o f 
Cinera ri a and o f certain dyed fabr ics. A grey involv ing 
two spectral ba nds o f co mpl em entary re Rection in the 
red a nd in the blu e green would be rep rod uced as pink 
by three-colou r synthesis (A. J. Bull, L. W. Oliver, 
and D . A. Spencer, 1933). 

2 At various times su.:;gCSti0 l1 3 have b 3cn 111adc 

• 

ing of the elementary images ; Kinemacolor 
process of G. A. Smith, 1906), or with the sub
tractive method (elementary monochromes, 
prin ted in register on both sides of the film ; 
J. E. Thornton, 1912 ; Technicolor, and other 
processes) . 1 

The colours chosen are usually a vermilion 
red (colour of the normal red filter used in three
colour selection) and a greenish-blue (colour 
of the greenish-blue pigment of three-colour 
subtractive synthesis) . The negative exposed 
under the red filter is used fo r producing a 
greenish-blue monochrome, and the negative 
exposed under the greenish-blue filter is used 
for a red monochrome. As a matter of fact, 
these two colours do yield a satisfactory render
illg of flesh tints. It is obvious that in th is way 
it is not possible t o obtain either yellow or 
purplish-blue, so that this pair of complemen
taries is but ill-suited for landscape photography 
(un less the sky does not appear in the p icture) . 2 

There have been several suggestions or patents 
for reducing t o two the number of the select ion 
negat ives fo r three-colour synthesis, the third 
negat ive being obtained later by combinations 
between one of the original negatives and a 
transparency printed from the other negative . 
Experience has shown that none of the proposed 
combinations produces the expected result, 
and simple reasoning will show that such hopes 
are chimerical. 

(b) THREE-COLOUR SELECTlON 

873 . Three-colour Selection Filters. Formerly 
attempts were made to produce almost mono
chromatic filters, each transmitt ing only a 
narrow spectral band. It is, however, a mistake 
that some groups of visible rays should escape 
record on one or other of the th ree negat ives . 
Then use was made of filters with " vignetted" 

(A. Nodon , 1904, anel others) t o effect the additive 
synthesis of two images in a s tereoscope, each o f the 
two images of th e s tereoscopic pair be ing obtained 
t hrough one o f the two selection filters, and the corre
spond ing positive transparency being viewed through 
an ident ical or only s lightl y d ifferent filter. Binocular 
v is ion, however, does not allow o f the addit ion o f 
lights satisfactorily, the resu lt ing colo ur constantly 
\ 'arying between the two compo nen t colours. (§ 833 ) 

1 The colo ur scale can be a li t tl e more extend ed in 
sub tractive processes than in add itive on es. 

2 The hvo-colo ur process e nabl es excelle nt facsimi les 
to be obtain ed of histo logical or bacteriological prepara
t ions stained in two col ou rs for micrography . The 
colours to be used for t he e lementary 1l'1Onochromes 
must be those used in p reparing the s pecim en, o r 
colours o f the same hue, and th e selecti on filters Illust 
be chosen accordi ngly . 
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absorption bands and with ample overlap of 
spectral transmission regions, but la ter the filters 
used had cuts as sharp as possible with a slight 
overlap of the spectral regions transmitted. 

If it were possible to m ake coloured filters 
with sharply defined absorption bands, photo
graphs made in the spectroscope through such 
filters would have the same regions of densities 
whatever the illumination, whereas, in photo
graphs taken through a filter with gradual 
absorption, the spectral region recorded on the 
plate extends farth er (for an equal duration of 
exposure) as the intensity of the light is greater. 
Filters with " soft cuts" would seem to be a 
constant cause of errors, because lights and 
shadows occur in all subj ects photographed. 
The quantity of light reflected by the bright 
portions being much larger than that reflected 
by the shadows, selection may not be identical 
for objects of the same colour but differently 
illuminated. 

The very ingenious experiments of D. A. 
Spencer (1935), experiments limited, however, 
to subtractive synthesis, have shown that in t he 
present stage of the dyes and pigments available 
for this synthesis, the form of the spectral trans
mission curves of the select ion filters has only 
a negligible effect on the qualities of the three
colour prints obtained, and that there are avail
able, furthermore, very wide tolerances in the 
extent of their respective regions of transmission. 
The results given by various combina tions of 
filters witb increasing overlapping differ merely 
by the decreasing saturation of the colours in 
the resultant three-colour prin ts. In short , 
errors in filter transmission, when they are not 
exaggerated, are negligible compared with errors 
due to the colours used in synt hesis. 

The extreme limits have not been disputed . 
Under normal conditions the eye cannot see 
ultra-violet (up to 4,000 A.U .). nor infra-red 
(beyond 7,000 A.U .). The blue filter must 
therefore absorb the ultra-violet, while the limit 
of sensitiveness of ordinary panchromatic pla tes 
renders unnecessary any limitation of the trans
parency of the red filter towards the infra-red . 

As a rule, the following are the limits for each 
of the spectral regions which can act on the 
photographic emulsion through the t hree selec
tion filters 1_ 

Blt.ij! -violc t Filter 
from 4 ,100 to 4,95 0 

Green Filler 
from 4 ,850 to 6, 000 

Red Filter 
from 5,800 to 6,900 

A . U. 

1 As an example w e give here the formu lae reco m
mended by A. vo n Hubl for gelatine selection filters, 

vVhen it is necessary to reduce the exposure 
to the minimum, it is advantageous to associate 
filte rs having a very wide transmission with 
emulsions of res tricted chromatic sensitivity, as 
such filters can be much more tra nsparent in the 
useful region. F or in stance, the green and blue 
filters are replaced by yellow and pink filters, 
respectively used with an orthochromat ic emul
sion and an ordinary emul sion . Besides the 
useful spect ral region these fi lters will transmit 
red, which is inac tive on the emulsions in ques
tion, but the one t ransmits much more green 
and the other much more blue than the normal 
selection filters would do (F . W. Coppin, 1933). 

The dyed gelatine fi lms used for selection 
filters can be employed unprotected or sealed 
between two pieces of glass ; in the latter case 
each filter must form a cemented system with 
plane-parallel surfaces, and th e thicknesses of 
the three filters must be such that the displace
ment of the sharp image (§ 120) must be the 
same in each case . 

The coefficients (factors) of the selection filters 
must be determined experimentally (§ 214) for 
the panchromatic emulsion and light employed. 1 

It is perfectly possible to make coloured filters 
all of which have the same factor for a given 
emulsion ancl light. This can be clone by adding 
a neutral grey fil ter of appropriate clensity to 
the ordinary selection fi lters which have a 
factor lower than the maximum one. The 
factors will, however, be modified if the condi
tions are changed. 

874. Practical Three-colour Selection. At a 
time when panchromatic emulsions were not 
available, the three negatives for three-colour 
selection were taken on an ordinary plate, on 
a plate sensitive to green and on a plate sensitive 
to red. Selection is now almost always clone on 
panchromatic mate rial of the same batch of 
emulsion, and except where the use of flexible 

the w eights indicated being for each T OO square cent i
metres of fil ter area. 

Bluc-violet Green Red 

Acid Rhodamine Carmine blue 7 mg. Tartrazine 2 0 mg. 
30 milligrammes 

Carmine blue 10 mg. Tartrazine 25 mg. Rose Bengal 15 mg. 

1 Confusion with t he case of screen-plates (plates 
e mbod y ing a 111ult icololl[ mosaic screen in whic h the 
expos ure is necessa ril y equal under each mi croscopic 
e lement of the mosaic) leads so me pho tographers to 
believe that a correctin g fil ter is necessary when li ghts 
o ther than daylight are L1 sed. As long as the light emits 
a continuous spectrum (obvioll sly a necessary cond i
tion) the corrections arc automat icall y assured by 
adopting factors appropriate t o the ligh t employed . 
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film cannot be avoided, glass pla tes are used so 
as to avoid any ri sk of shrin kage of t he support. 

When dayligh t is not avai lable or is too weak 
or too va riable, t he art ificial ligh t usually 
employed is that supplied by high-power in
candescent lamps, which favours exposure under 
t he red filte r a nd balances the individual 
exposures and, as a rule, red uces the t otal 
exposure. 

In order to check t he perfect balance between 
the three images at a ll stages of the work, it is 
necessary to add to the object a scale of neutral 
grey tones produced p hotograph icillly; each of 
t he a reas must be of sufficient size to permit their 
densities to be measured on the negative ; this 
scale must be p laced in such a posit ion th at its 
image can be cut away after t he work is done. 
A photograph in colour is perfect only if it 
reproduces correctly a scale of neut ral-grey 
tones, and this is possible only if the images of 
these greys have t he same st rength in the three 
nega tives. 

To facilitate registra tion, and the correct 
superpositi on of the three elementary posit ives, 
two marks are placed at t he edges of the images. 
These marks m ust be as far from each other as 
possible. These guide-ma rks are crosses drawn 
on Bristol board, usually wh ite on a black 
ground, the lines being sufficiently thick for 
their image to be visible after reduction in size . 
As a rule, several crosses are in termingled , the 
lines being of diffe rent thicknesses, a nd t he ma rk 
chosen is t ha t with the finest li nes st ill clearly 
visible. 

F inally , in order to identi fy easily the t hree 
negat ives, it is usual to photograph not only the 
grey scale a nd the two marks, but also a t est 
piece consisting of pa tches of red, green, and 
blue-violet, or greenish-blue, pink, and yellow, 
each patch bear ing in black letters i ts name (or 
at least t he ini t ial of i ts name) . 

Focussing must be done after one of the 
fIlters has been fitted to the lens. As a rule, 
the green fIlter is chosen because it gives t he 
most luminous image,' and a lso because it is 
the green image which occupies the middle 
position when the three images are not exactly 
in the same plane. 

The exact exposure is of greater impor tance 
in t ricolour photography than in monoch rome 

I A s focu ~s i ng magniflcrs a re not achromatic, t hei r 
adjustment must be made after the filte r is in pos it ion . 
Owing to ach ro matic defects in the human eye, focus
s ing is very d iffic ult w ith the blue fi lter when i t trans
mits a li ttle of the ext reme red (beyond the li mits of 
panchromatic plates). as is often the case, 

work, because corrections cannot be made 
with out upset t ing the baJance of the three 
negatives. Use must therefore be made of some 
form of exposure indicator (§ 324) . 

Even when selection is e ffec ted with pla tes of 
the same batch of emulsion, development in 
ident ical conditions (simultaneous immersion 
for the same lengt h of time in t he same de
veloper) usually gives the negative taken under 
the blue fi lter a contrast factor (gamma) in
ferior to that of t he two other negat ives. It 
is, t herefore, necessary to ascertain by sensito
met ric tests or by t rial and error t he eq ui va len t 
d ura tions of development for t he th ree nega
t ives ; 1 as a general rule the ye llow printer is 
developed for 20 to roo per cent longer th an the 
two ot hers. 

After drying, it is necessary to check the 
register. One of the sures t means consists in 
printi ng a t ransparency from one of the nega
tives. It is possible t o use a narrow strip cut 
from a plate of sufficient length t o permit of 
both the register marks being included; fi lm 
should never be used because of the risk of p lay 
in the support. After drying this tra nsparency, 
i t is placed on each of the three negatives in 
succession , when it can be seen wh ether a ll 
three images and the register marks are in 
coincidence. 

The usual t rouble caused by the retouching 
req uired by prin ts in colour p roduced by sub
tractive synt hesis, has been considerably re
duced or even done away with by doubling one 
or several of the selection negat ives, developed 
to a value Yl above the desired value Yo , wi th a 
transparency copied under another negative and 
developed to (YcYo). F or ins tance, the pink and 
ye llow negat ives are doubled wit h a positive of 
the blue-green (A. Murray, 1933, following a 
sugges tion of E. Albert . I897). 

875 . Special Apparatus fo r Tricolour Selection. 
While, in the case of inanimate obj ects, any 
photographic camera may be used tha t is 
suffic iently rigid not t o be put out of ad j ustment 
during the changes of the filters and dark slides , 
required when making the three exposures, it 
is obviously impossible to photograph in this 
way animate objects, since such are bound to 
move during the period of the three exposures 

1 If develop ment is j udged by inspectio n, it mu st be 
based exclusively on the scale o f the neutra l greys . 
A s ubject in a do minant colour w ould give a very thin, 
th ough correct, negative under t he filter co mpl ementary 
to that d0111inant colour, and o ne might be tempted 
to regard t hat negative as deficient in exposure o r 
d evelopmen t. 
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and the changes of apparatus. Even landscape 
photography can be attempted only in excep
tionally calm weather , otherwise the tops of 
trees may not occupy the same positions in the 
three elemen tary images. 

This loss of time has been reduced by devices 
for the mechan ical changing of the fIl ters and 
of the p lates. F or instance , the filters may be 
held in contact with the plates in a repeating 
black sliding vert ically and dropping a fter each 
exposure under its own weight or by springs, 
so as to bring the next pla te into posit ion. The 
actua ting mechanism is controlled by the shutter 
or by the shut te r release. In other patterns, 
the fi lters a re placed on the edges of a d ise and 
move automatically in front or beh ind t he lens 
each time a pla te is cha nged. The p lates have 
also been placed on the three faces of a prism 
with equilateral sect ion and turning on itself 
1 200 a fter each exposure. N umerous cameras 
bui lt on these lines have given excellent results, 
without, however, affording the certain ty attain
able with an instrument tak ing t he three pictures 
simultaneously. 

876. Simultaneity will obviously be ensured 
if three linked cameras a re used , wi th three 
identical lenses released at the same momen t , 
but the images thus obta ined (in conditi ons 
comparable with t hose of s tereoscopic photo
graphy) are usua lly not ident ical, a nd cannot 
t herefore be superposed, unless the nearest 
planes of the subj ect a re a t a considerable 
distance. 1 

Various devices have been adopted to decrease 
these stereoscopic differences between the three 
images. The lenses have been brought close 
together, their centres occupy ing th e points of 
a triangle with three mirrors at 45 0 on each 
optical axis refl ect ing th e sharp images on to 
three of th e late ra l walls of the camera; a colli 
ma ting lens has been placed in front of the three 
lenses (G. Li ppmann, 1886) , substituting for 
comparat ive ly close objects a distant v ir tual 
image; reflec tors have been placed in front of 
the lenses to substi tute fo r the three real viewing 
points either one single v irtual viewing poin t 
or th ree vir tua l viewing poi n ts aligned in depth 
and thus occasioning only neglig ible d iffe rences 
between the images. 

1 The same s tereoscop ic differences agai n appear if 
selection is done with onc lens used\vith refl ectors of 
which each utili zes the beam s tran smitted by different 
portions of the lens (§ 58) t o fo rm o lle o f the images, 
except in t he case where t he divider uses three concen
tric zones o f the le ns. 

T he beam of ligh t issuing from one lens 
can be spl it into th ree geometrically identical 
beams by means of transparen t refl ectors placed 
one behind the other a t 45 0 to th e common a xis 
(pla tinum-coated mirrors, colour filters acti ng 
as refl ectors for the rays complementary to 
those tra nsmitted, opaque perforated mirrors , 
opaque mirrors formed of two sectors opposed 
at the summit and rota t ing a t high speed round 
an axis perpendicular to their pla ne and passing 
through their centres). Fina lly , the beam can 
be di vided into three beams which are not 
geometrica ll y identica l, but of which the differ
ences are practically negligible, by means of 
ann ular refl ectors incli ner! at 45 0 to the optical 
ax is (and which, owing to the obl iquity are 
limi ted to ellipti c contours), the images being 
received on the back a nd two lateral wa ll s of 
the camera . 

The ingenui ty of in ventors has been given free 
rein in this domain, and innu merable combina
tions of mirrors a nd pri sms have been patented, 
and sometimes even used , without always 
recording advances on their predecessors. To 
describe them, even in brief, would take us too 
far. 

To reconcile a suffic ient depth of field with the 
need for the ult ra large aperture lenses requi red 
in orde r to reduce exposures to the mi nim um, 
cameras for taking the three pictures simu l
taneously a re genera lly bu il t for very small 
formats, the negatives being subseq uently en
larged . It should be noted that the use of 
divid ing systems in volving an appreciable th ick
ness of glass (for instance, a cube of glass fo rmed 
by the as>:embly of prisms of wh ich the surfaces 
are partia ll y silve red) would int roduce inad
missible aberra tions in a lens which was not 
specia lly computed for such an add ition. This 
drawback is avoided by using pelli cular rel1ec
tors, whi ch are, however, ve ry fragile . 

877. Simultaneous Selection on Superposed 
Emulsions. Numerous a t tempts have been made 
to perm it simul taneous tricolour select ion with
ou t special apparatus on th ree superposed sensi
t ive emulsions, carried on independent supports 
(j;oLyfoLium chromodiaLytiqlte o f Ducos du 
H auron, 1897) with interpositio:1 of coloured 
fi lters (wh ich can possibly be formed in the 
emulsion layers or on the supports by means of 
dyes, the colour of wh ich is d ischarged during 
normal treatment ). After many fa ilures, gener
a lly due to lack of sharpness of the images 
recorded on the second and th ird sensitive layers, 
encourag ing results have been obtained by using 
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for th e first two films very thin, a lmost trans
pa rent emul sions coated on very thin supports. 
Very satisfactory results have been ach ieved in 
two-colour cinematography, the selection being 
effected on two fi lms unrolled with their sensi
ti ve surfaces in contact (Multicolor and similar 
processes) . 

A far more da ring idea of L. D. Mannes and 
L. Godowsky (1923) has given rise, a fter long 
and delicate elaboration, to the K odachrome 
process (1935) in which the selection is done on 
three thin laye rs of emulsion successively coated 
on the same support with layers o f dyed ge la
tine interposed . A series of ve ry compli cated 
operations, carried out in the factory for the 
user, produces by invers ion of the triple nega
ti ve a positi ve in colour formed by the super
position of three pigment images (§ 883) . 

(c) TEM PORARY ADDITIVE SYNTHESI S 

878. Triple Projection. We have already dis
cussed (§ 867) the principle of this m ethod of 
synthesis by addition of lights. In working the 
process one is led to employ for syn thesis filters 
which are somewhat different from those used 
for ana lys is. Our eyes are sufficiently imperfect 
not to distinguish between two identical hues, 
but differing qua li tat ively and quantitatively in 
composition, so that it is not necessary to have 
filters of a rigorously determined degree of 
absorption. The only conditions requiring to 
be fulfill ed are that the total of the three trans
mi t ted beams, from equal in tensi ties of inciden t 
beams, should give pure white, and that, under 
the same conditions, their sums, two by two, 
should form a pure yellow, a greenish-blue, and 
an intense pink . 

The employment of three separate lanterns 
would involve great diffi culties in aclj llstment. 
Use has been made of three lanterns superposed 
or juxtaposed and illuminated ei ther by three 
separate light-sources or by one single light
source. Two of the three lenses must be fitt ed 
with horizontal and ve rtical sliding m ovement s, 
so as to a llow the three images t o be superposed 
on the screen. The three transparencies are 
usua lly assembled once and for a ll in a frame 
fitted with registe r screws, so as to red uce the 
operat ions of ad justment when proj ec ting. Such 
a rrangements have been made a t various times 
for st ill projection (F . E . I ves, 1889 ; L. Vidal, 
1892 ; W. de Abney, 1904, etc .). 

This same m ethod of synthesis h as been 
employed in tricolour cinematograph proj ection, 

the elementary images being proj ected ei ther 
in rapid succession (H. Isensee, 1897 , following 
a sugges tion by C. e ros in 1869), or, simul
taneously (B. Jumeaux and W. N. L. Davidson, 
1903; L. Gaumont, 1909, etc.) . 

879. Chromoscopes. Instrument s with semi
transparent or coloured mirrors, similar to th ose 
described for simultaneous selec tion by one lens 
(§ 877) can be used for viewing simultaneously 

--

FI G . 217. C H ROMO SCOPE 

(Ducos Du Hauron) 

in register the three transparencies, each in 
contact with an appropriate colour filter. One 
of the simples t o f the many chromoscopes sug
gested or made is th e one described by L. Ducos 
du H auron (Fig. 217). Three mirrors , of which 
two are semi-transparent , a re fixed at 45 ° to 
the line of sight ; three transparencies on a single 
plate are in the focal plane comm on to the three 
convergent system s, and have their images 
thrown back t o infinity in coincidence . As the 
beams are parallel on reflection there is no fear 
of double outlines by reflection from the two 
surfaces of each mirror. 

In connection with chrom oscope synthesis, 
referen ce m ay be made to a m eth od of synthesis 
by intermingled images, patented in 1899 by 
J Szczepanik, and of which several variants 
have since been tried. The diaphragm of a 
photographic lens is divided into three parallel 
bands covered respectively with the three tri 
colour selection filters. By placing in front of 
the photographic plate , para llel to its plane and 
a t a suitably adjusted distance, a grati ng of 
opaque equal and equidistant lines, a rranged 
parallel to the bands in the diaphragm, the 
sharp image is divided into continuous bands, 
each formed entirely by one of t he coloured 
lights transmitted by the fi lt ers, the negative 
thus obtained forming a medley of elem ents 
taken from the three selection negatives. By 
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placing a transparency printed from this com
posite negative in the same position and illumin
ating it by t ra nsparence by a light-source and 
condenser, an image is proj ected on the screen 
which, when viewed at some distance, reproduces 
in its colours the obj ect photographed 1 

880. Lenticular Colour Photography. A ftlm 
coated with a reversible panchromatic emulsion 

F 

(a ) 

that would have been obtained through a line 
three-colour screen. 

After development and in version of the 
image, the latte r can be projected in colou r on a 
screen, by means of an optical system composed 
of a lens and of a filter with three coloured 
strips, such that this proj ection filter and the 
camera filter are seen from each point of the 

S E 

~ . . {'- .. . ~ 

(b) (c) 

FIG. 21 8 . THE PHINC IPLE OF LEN TICULAR COLOUR P HOTOGRAPHY 

E (Fig. 2I 8) is embossed under heat on the free 
surface of th e support S, by passing under pres
sure between a smooth cylinder and a cylinder 
engraved with continuous grooves, at the ra te 
of a bout 20 per millimetre. By this means 
there a re formed corrugations each constituting 
a cylindrical lens, of which the focal length 
must be about equal to the thickness of the 
base. In front of the lens 0 is mounted a filter 
F with t hree coloured segments B , G, R, respec
tively blue, green, and red (shown separa tely , 
seen ·from the front , at a) of which the strips 
are para llel to the cylindrical lenses. The 
camera lens 0 is focussed on th e emulsion sur
face of the film , a nd must have a rela tive aper
ture equa l to that of the cliopters formed by the 
embossing. Each of the corrugations thu s gives 
on th e sensiti ve emulsion an image of t he tri
colour filter (the combination of these images is 
shown d iagramma tically at c) of a length eq ual 
to that of the corrugations, a nd in which the 
illuminat ion of each line is proportional to the 
in tensity of t he considered prima ry colour 
diffused by the corresponding poin t of the sub
ject. In this manner there are recorded th ree 
in te rmingled selection images identical with those 

1 Amo ng the most interest ing varia nts of this 
arrangemen t may be mentioned a lllcthod suggested 
in 18<)5 by F. M. Lanchcstcr and s ubseq uen tl y wo rked 
o u t b y ] . Rhcinbcrg ( [904) and by A. Cilcron (T906) in 
whi ch the tr icolo ur filter in the diaphragm is rep laced 
by an acute prism, each of the e le men ts o f the 
image projected through the grating forming a narrow 
spectrum . 

film within the same angle. All the rays issuing 
from a band B of the image are direc ted by the 
corresponding corruga ti on to the band B of the 
filter. In the same way, the light that has passed 
a G or R band of the image is directed respec
tively to the G or H band of the fi lter. The 
image projected on the screen reconstructs the 
form, luminosities a nd colours of the subj ec t 
by narrow continuous bands whose structure is 
not apparent unless the screen is viewed from 
very close quarters. 

Difficulties have OCCUlTed in copy ing such 
films, but they now appear to have been over
come, which will ena ble the process to be used on 
an industrial scale hitherto impossible, the pro
cess having been used only in amateur cinemato
gra phy and in photography in miniature sizes. 

(d) THREE-COLOU R TRANS PARENCI ES AND 

PRINTS 

881. Tricolour Transparencies. It is not pos
sible in this volume to describe in detail the 
numerous working methods by which tricolour 
transparencies can be obtained by superposing 
in register three images on film. We may men
tion, as very suitable for obtaining the three 
elementary monochromes for this method , the 
vari ous processes of dye- toning with mordants 
(§§ 602 to 604), a nd, among the pigment pro
cesses, the process of imbibition of gelatine 
reliefs. details of which, for multicolour images, 
have been given (§ 676) . 

The sole difficulty is to ensure the balance of 

• 

• 

• 
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the three images ; for this the prints, made by 
contact or by enlargemen t (when the prints are 
made on gela tino bromide films) , are exposed 
for the same time and developed together 
under the same conditions. As a rule, several 
sets of elementary monochromes are made and 
dyed to various depths of colour; by repeated 
trial, three images are found which give the most 
faithful reproduction of the subj ect . Before 
finally mounting, the three images so chosen 
are used as patterns, and other prints are made 
of this depth as far as possible. 

When gela tino-bromide films are used for 
this process they must be chosen with as thin 
a support as possible, so that the three elemen
tary images are in planes as close as possible t o 
each other. Films of the same make should be 
used, with t he obj ect of avoiding fa ilures th rough 
differences in the shrinkage of the suppor ts . 1 

882. Tricolour Prints on Paper. In addition 
to the process by imbibition of gelatine reliefs, 
of which we have already described the transfer 
to paper (§ 676), it is possible t o make tricolour 
p rints by the carbon process and its varian ts 
(carbro) , or by the process of hydrotype printing 
by discharge of dyes . 

Makers of carbon tissue supply on request the 
special colours required for t ricolour work (the 
blue is usually not green enough , nor is the red 
purple enough) . It is essential to cut t he various 
pieces the same way of the paper so that dis
tor tion due t o wetting and drying may be about 
the same in the three images. As a t emporary 
support a sheet of glass or celluloid is used , so 
t hat the effect may be judged before final 
transfer. Double-transfer paper is generally 

1 Alth ough it is only applicable industrially to cine
matograph fi lms, an ingenious process of subtractive 
synthesis due t o D. Gaspar (193 1) shoul d be men
tioned. The sensitive filnl used for printing is m ade by 
coating on the same base t hree positive emulsions of 
suitable colour sensitivity, each wlth the add ition of 
a dye which is insoluble in water and in ordinary 
photographic baths, but which is clecolorized by a 
reagent attacking the silver o f the provisional negative 
image, by an amount proporti onal to t hat of the s ilver 
thu s attacked. One of the surfaces o f the base is 
coated with an ordinary emulsion dyed bl ue-green, on 
which a positive of the blue-green is copied by white 
li ght. On t he other surface there are successively 
coated a red sens itive emuls ion dyed yellow, and an 
ordinary emulsion dyed magenta. The positive o f 
yellow is copied in red light on the emulsion d yed 
yellow, and the positive o f magenta is copied in blue 
light on the emulsion dyed magenta. After the three 
printings the film is developed as a negat ive, t reated 
in the bath which causes decoloration on contact with 
the si lver, and fll1ally the silver bromide an d the 
residual si lver are elimi nated. 

used only after several wettings and dryings, 
with the object of reducing the error from this 
cause during the final transfer. 

In the case of hydrotype prints, the partial 
discharge of the dye during the tri als t o test 
register can be prevented by placing a sheet of 
very thin celluloid bet ween the relief and the 
gela tine-co a ted pa per. 1 

883. Kodachrome Film. Kodachrome film, 
the use of which is a t present rest ricted to sub
standard cinema tography and to p hotography in 
minia ture sizes, permits of colour photography 
with an ordinary camera without the addition 
of any special accessory ,2 and wi th exposures of 
roughly the same order as those used for rapid 
black and white film, but with considerably less 
latitude in exposure'" 

The base receives successively (in addition to 
the anti-halation backing and t he subst ratum) 
five superposed layers, which, start ing from the 
base, are an emulsion sensitive to blue and to 
red, a colourless and very m uch hardened 
gelatine isola ting layer, an emulsion sensitive 
to blue a nd to green, a second isolating layer, 
and, lastly, an em ulsion dyed yellow which is 
sensitive to blue only . The layers of emulsion, 
and especially the isolat ing layers, are ext remely 
t hin , their total thickness not exceed ing tha t of 
an ordinary reversible emulsion. Owing to the 
presence in the upper emulsion of the yellow 
dye, the three emulsions record blue, green, and 
red respectively (starting from the outer emul
sion). After inversion t he corresponding posi
tive images must therefore be respect ively in 
the same order , yellow, pink, and blue-green . 

A Her the photographs are taken the fIlm is 
sent to one of the processing works where it is 
su bj ected to the following operations. 

The film is first developed as a negative, a fter 
which the metal silver forming the three selec
tion provisional negatives is dissolved . The film 
then passes in front of a thermo-elect ric couple 

1 A recent study by M. Seymour ( 1. 935) o f t he pro
cesses by imbibition and by hyd rotypic di scharge has 
enabled h im to work out simple and precise methods , 
whic h are described in the booklet Three-colo·uy Print s 
by .Eastman W ash Olf Relief Films. 

2 I t is, however, advisable to p lace on the lens a 
filter absorbing ultra-v iolet when photog raphing dis
tant landscapes in order to red uce the ae rial haze. 
Furthermore, if the film intended for dayl ight photo
graphy is used with artific ia l li g h t (i ncandescent lamps). 
or conversely, it is necessary to use the appropriate 
compensating fi lter. 

3 Under-exposure often leads to a predorninant 
b luish ti nt, and over exposu re t o a p redom inant 
reddish tint . 
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excited by a beam of infra-red light which is 
modula ted successively by each of the pictures 
so as to automatica lly regula te, by means of a 
relay, the power of the lamp by which the 
second uni form exposure is g iven (§ 440) , thus 
compensating la rgely for errors in exposure. 
Re-development is done in a developer contain

· ing, besides th e developing agent , an adju vant 
forming, with the oxidat ion products of the 
developer, an insoluble blue-green dye which is 
deposited on the image in amount proportiona l 
to tha t of the reduced silver (§ 350) forming th e 
provisional positives. The th ree black posit ive 
images are th us each doubled with a blue-green 
image whi ch ultimately is to remain only in the 
lowest image . After elimina tion of the silver 
bromide not used for the positive images, the 
fi lm is washed a nd dried. It is then placed in 
a bath, the ac tion of which is res tricted to the 
two upper images, which oxid izes the silver to 
sil ver chloride and destroys the blue-green dye. 
After washing, the film is exposed to light a nd 
re-developed in a developer similar to the pre
ceding one, but giving a pink image, and it is 
then washed and dried . The film is then placed 
aga in in the ox idizing bath, t he action of which 
is now res tricted to the superl1cial layer of 
emulsion from which the pink dye deposited 
during t he prev ious operation is th us eliminated. 
After washing, the film is re-developed in a 
developer, leaving in the gela tine a secondary 
ye llow image. After washing, the sil ve r of the 
three images is fin a lly removed, and the film is 
washed and dried . 1 

(e) COLO U H SCHEE:-I PLATES A :-ID FILMS 

884. Various Commercial Forms. The Auto
chrom e pla te was the first pract ical applicat ion 
o f a sensiti ve emulsion coated on an irregu la r 
t ri colour mosaic for the direct photography of 
colours by permanent addit ive synthesis. Sin ce 
1933 the Au tochrome has ceased to be suppl ied 
in the form of plates, but on ly in two varieties 
of film: F ilmcolor stifi film cut in sizes, always 
used with the lens fitted with a compensating 
filter chosen according to the character of the 
light illumina ting t he subj ect, a nd Lumicolor 

l A s imilar p rocess, worked out by J. Eggert (1936) 
and cOlllmercialized by Agfa, uses insolu ble couplers, 
a differe nt one in each of the t hree e mul s ions. The 
processing o f thi s fil m com prises a firs t develo pment 
(giving a p rov isional negative image), a rin se, a con
trolled exposure, development o f the positive by a 
developer derived fro m phenylenediamine, the el imina
tion o f both s ilver and s ilver brom ide by m eans o f 
Farmer's reducer, and the final washin g. 

roll-film or film -packs with a much faster emul
sion, the gelatine backing of which fo rms the 
compensating colour filter for photography in 
na tural light. 

Agfacolor plates and flat films (J. H . Christen
sen, 1912), similar in structure to the Auto
chrome, are used with a compensating filter, 
while the more rapid Ag facolor Ultra roll-film 
permits photography in na tural light without 
a compensat ing filter. 

The Dufaycolor fi lm (1934) wi t h a screen of 
regular geometrical pattern results from very 
important successive improvements by many 
English technicians to the Dioptichrome plate 
(L. Dufay, 1909). Thi s fdm is a lso available in 
two varieties: D. z, flat fi lms a nd sub-standard 
cinematograph fdms for use with a compensating 
filter, and D .l, roll-films, film packs, and per
fora ted 35 mm. film in short lengths for minia
ture cameras, for use in na tural light without a 
compensating fi lterl 

Important advances have recently been made 
in the speed o f several of these sensitive emul
sions and others are announ ced as imminent a t 
the time of writi ng th is chapter. We will th ere
fore refra in from giving -precise information, 
which is likely soon to be obsolete, a nd we 
cannot insist too strongly on users following the 
instructions of the various ma kers as regards 
exposure and t he various treatments.2 

1 \"'e mentio n here some scree ns and some plates 
with or without adhering screens the mak ing o f which 
has been d iscontinu ed. 

J oly scyeen (J. j oly, r 897), formed o f parallel bands 
(80 o f each colour per inch). used as a screen separate 
from the sensitive plate. 

l11cD onough screen (\IcDonough, 1900), formed of 
parallel bands ( 100 bands o[ each colour per inch), 
used as a separate screen. 

Omnicolore plate (R. de B crcegol and L. Ducas ciu 
H auron, 1907), with an adherent screen [arm ed o[ 
blue bands (of about o'Oj mm .). separati ng row:j of 
rectang les a ltern a ti vely red (0·06 X 0·04 m m.) a nd 
green (0 ·06 X 0 ·08 111111 .). 

Thames plate (C. L. Finlay, 1908), with an ad herent 
screen formed of red and blue circles (of 0 '1 [ n1m . 
d iameter, th e ce ntres occupying th e apices o f a series 
o f squares of o · I 2 mm. ) on a gree n background. 

Dioptichrome plate (L. Dufay, 1909), first su pp lied 
as a separate screen, t hen as a plate with adherent 
screen, formed of g reen bands (o f about 0'06 mm .) , 
separati ng rows of rectangles (0·07 X 0 '10 111m .) 
a lternately blue and red. 

Paget screen (C. L. Finlay, 19 13). a cheq uer pattern 
contain ing red a nd g reen squares (o f 0'08 4 111m .), with 
a double number o f blue squares (0 .063 111m .), th e areas 
occ upied by the three colours bein g thu s very nearly 
eq ual. 

2 Several makers of roll -film and fi lm packs includ e 
the cost of processing at their works in the price o f the 
film. 
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U) COLOUR SC1~EDi PLATES AND FJDIS 

885. The Autochrome Plate 1 and Films. The 
mi croscopic particles of the mosaic whi ch forms 
the tricolour screen of the Autochrom e are 
grains of potato starch" fmed by levigat ion, so 
that on ly those grains a re retained which are 
between 8 a nd 20,Lt (thousandths of a milli 
metre) in diameter, with a marked predominance 
of grai ns of I2- r61" d iameter. These gra ins are 
divided into three parts, dyed respectively 
blue-violet, green, and red in concen trated 
soiutions of suitable basic dyes. The colour 
must be very intense to ensure efficient absorp
twn of the lIght by so th in a coating. After 
dryll1g, these grains are intimately mixed in 
such proportions that the resultant colour is not 
far removed from a neutral grey. 

Glass plates of practically constant thickness 
(I / r6th in. ) or films a re uniformly covered with a 
tacky coating on which the mixture of coloured 
grains is dusted. The grains can th erefore form 
only a single layer. 3 The spaces between them 
are fil led in with very fmcly-po\vdered wood 
charcoa l. Th e coated plate is then subj ected to 
pressure to squeeze the s tarch grains into con
tact. The pressure used is very considerable
over 30 tons per sq. in. which is near the 
crushing li mit of glass. The pressure is applied 
in continuous narrow bands (about I /16th in. 
wide) .. 

A fter th is species of roll ing, th e mosaic screen 
is protected by a thin coating of waterproof 
alcohol varnish, which , after drying, must have 
the same mean refracti ve index as th e starch. 
The resins used must be of high melting point 
in order to avoid t oo rapid destruction in case 
of heating, and they must be without any act ion 
on the sensitive emulsion which is afterwards 
applied . The thickness of the three-colour 

l \Vc take the A utochrolll c plate <1 5 an exampl e of 
p la tes and fi lm s \\"ith an irregu lar mosa ic, the same 
remark s applying, unless o then\'isc stated, to other 
s imilar preparations . 

~ Potato starch was chosen beca use of its trans
parency and because of the a.lmost sphe rical shape of 
its grains. Tn the uulk, grains of all diameters lip to 
about GO,1t arc to be found: after separation , effect ed 
by fl oa.ting. a.bout I p('[ cent becomes available. 

3 I n the Agfa plates and flin) s t he mosaic is formed 
of g r<1in s o f a plasti c mate ria! whi ch wh en pressed 
unde r heat co me into full conta ct, so that no inte rstices 
have to be f!ll ed up. Owi ng to th e grea te r transpare ncy 
of the materi a l lI sed, and to th e absence of ca rbon, 
the mosaic is rathe r more tra.nsparent than that o f the 
Autochrome . 

4 Th e edges o f these bands may so metimes be seen in 
the sky or in the whites o f over-exposed plates . 

35-(r.5630 ) 

mosaic and of the coat of protective varnish is 
about IS ,a. 

A thin layer (about 4,u) of a fin e-grain pan
chromatic emulsion is then coated on the 
varnish. Thisemulsion is proporti onately richer 
111 silver brOlmde than ordinary emulsions. The 
grains of the developed image have an average 
diameter less than 1 ft, and the clumps of grains 
are rarely more than 2 u in diame ter. 

The coating of the el~uls ion on the surface of 
the mosaic screen is a very difficult operat ion. 
The emulsion film is easily detached by simple 
pullll1g when dry , or if the gelati ne is much 
swollen by prolonged immersion in very alka line 
or warm sol utIons. Very great care is therefore 
necessary in manipulation. Finally, it must be 
expected that plates or films wh ich have under
gone so many processes should show some small 
defect from time to ti me. 

The number of coloured grains is between 
3,750,000 and 4, 370,000 per sq. in ., and as the 
green grains are less transparent than th ose of 
other colours 1 they a re always more numerous." 
In spite of the precautions taken to mix inti
ma tely the th ree kinds of grain , it is not possible 
to avoid clumps of several grains of one colour. 
Th ese clumps a re sometimes visible when an 
Autochrome plate is examined under a moderate 
magnification (in the stereoscope or in the 
lantern , e tc. ), whereas the indi vidual grains are 
on ly vIsIble under the microscope. 3 

The average tran sparency of the completed 

I Thc table g i\·cn bclow shows, accordi ng to mic ro
spec troscopi c m eas urem ents (E. J. \I ·all, 1907), the 
spectral Illlllts o f transpa re ncy of the three kind s of 
g~ains , a.n~l, according to photometric measurement by 
diffused li ght (] . Thovert, ] 92 -1). the average trans
paren cy of these g rain s for the rays th ey tran smit. 

Graili S niue-violet I Grec n Red 
I 

Spcct r al lim its of 
lransmissiOIl • up to 5,oooA.U. from 4.900 -5. 700 beyond 5,7co 

l\i axi mulll of trans-
parency • • ~ ,6'iO 5,2.')0 6,200 

:\ vc ra gc tran sparcncy 56% 3°% 52% 

~ Th e proportion of grain s of the Yario ll s colo urs is 
between the fo ll owing limits (\V. Sche ff er, 1908; 
J. Thover t , 1924)-

Hlue-v iolet, 30 to 35 pe.r ce nt. Gree n, 40 pe r cent. 
Hed. 30 to "2 5 per ce nt. 

3 Counts o f clumps mad e with 4 0,000 grains (C. E. K. 
)'l ecs ::tnd J. l-L Pledge, 19 TO) have gi , ·c n resu lts agree
ing s ubstantiall y with those ind icated by calcu lation 
o f probabiliti es fo r an infinite 11llmber of gra in s. 

~ull1bcr o f g r,tins per clump . 
N 1I rnbc r o f c lum ps fo url el 
Number o f c lumps calculated 

. 17 1 0 14 1 3 1 2 I I 10 
I I 

• 

3 ; 
I 2 

5 II 2 

5 I I 32 

9 
29 

100 
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mosaic, measured by white light, is about I O per 
cent under the most favourable circumsta nces l 

886. Principles of Autochrome Colour Photo
graphy. T he mosaic screen, neu tra l grey wh en 
seen by tra nsmit ted light, appears white when 
illuminated by a sufficiently strong light, and 
if surrounded by a wide opaque border. If, on 
a portion of the plate , a deposit of silver of 
uniform density is superposed on aU the gra ins 
of the screen, there will appear, under the a bove 
conditions, and by contrast with the" whi te " 
of the na ked screen , the sensation of a neutra l 
grey darker as the si I ver deposi t is denser. 
The complete masking of the blue grains, for 
example, in a given part of the mosaic gives 
the illusion of a continuous yellow tint as a 
result of the addition of the light transmitted 
by the g reen and red gra ins, while the complete 
masking of the blue and green grains will yield 
a pure red. Th e complete masking of the blue 
grains and the partia l masking of the red grains 
will g ive a yellowish-green. The partial masking 
of the green and red grains will p roduce a sky 
blue by mixture of the green a nd red lights, 
transmitted at reduced in tensity and of blue 
light, transmitted a t full in tensity. Finally, the 
complete masking of th e blue and red gra in s 
a nd the pa rtial masking of the green gra ins will 
gi ve a dark green . 

In order to obta in by this process the repro
duction in colour of any subj ect , the Autochrome 
(of which we assume for the moment that 
the emulsion is capable of darkening equally 
under the three kinds of gra ins illumina ted by 
white light) must be exposed in the camera with 
its back (bare su rface o f t he g lass or film) 
turned towards the lens, so tha t the light from 
the lens does not reach the emulsion unti l it 
has passed through th e mosaic screen formed 
of the coloured starch grains. 

The light from a yellow obj ect is absorbed by 
the blue g ra ins, but passes freely t hrough the 
green and red grains, bringing into developable 
condition the crystals of silver bromide behind 
these grains. Simila rly , the ligh t from a red 
obj ec t is absorbed by the blue and green grains, 
but can pass the red gra ins, and b ring the emul
sion into developable condition behind such red 

• gra1l1s. 

1 A t hree-colour screen cannot t ransmit a.t the most 
morc than about 16 per cent of t he inc ident l igh t, 
since a green ftltc r can never transmit morc than 33 
per cent of the· whole o f the green rays a nd s ince the 
g reen elements canno t occupy as mu ch as half of t he 
total area of the screen w ithout lowering below r6 per 

Under these conditions, if the plate were 
developed and then fixed, a yellow obj ec t would 
be rendered as blue-violet, a red object by a 
greenish-blue, which is a mixture of the lights 
transmitted by the blue-violet and green grains, 
the image being thus a negative not only in 
respect of its luminosities (a black being rendered 
as white , and inversely), but also as regards its 
colours. 

If, after development, the image is reversed 
(§ 442) by dissolving the reduced metallic silver 
and re-development of the res idual silver 
bromide, a positive image is obta ined in which 
each colour of the subj ect is correctly reproduced 
if the exposure and developmen t have been 
correct, the colour at each point being comple
mentary to that wh ich would have been obtained 
if the pla te had been fixed a fter development. 

887. Compensating Filter. Th e ideal ortho
chroma tic quality that we have assum ed to be 
possessed by the emulsion does not usua lly 
exist, a nd so it becomes necessary to com
pensate for the differences in the spectral 
sensitiveness of this emulsion by a compensating 
fIlter used at the time of exposure. F or work in 
average daylight, this filter must absorb the 
ultra-violetl and the extreme violet, and reduce 
the blue and green rays (except the blue-green 
corresponding with the m inimum sensiti veness 
of the emulsion). These requirements a re sa tis
fICd by a n orange yellow fi lter, which is usually 
made by a sui tably proportioned mixture of a 
yellow dye (absorb ing the violet and reducing 
the blue) and by a pink dye (weakening the 
green) . 

When a compensating fi lter is lI sed wit h a 
fi lm with a tricolour mosaic o[ eith er irregular 
or regula r pattern , it should prefera bly be placed 
in front of the lens. E xcept in the case of lenses 
of ul tra la rge aperture, any adjustment of the 
focuss ing, due to the fac t tha t the back surface 
is in the plane normally occupied by the emul
sion surface, is generally unnecessary owing to 
the base being sufftc iently thin to be negligibl e. 

When using pla tes wit h a tricolour mosaic, 
the necessity [or exposing the plate through the 
glass causes a di ffe rence in the focus obtained 

cent the total transm ission of the other filters (C. E. 1\: . 
Mees, T9TO). 

1 R efl ectio ns from water s urfaces are often rendered 
by a blue wh ich is morc intense than the blue of the 
sky . Th is effect is due to t he p redominance of ultra
violet in the r efl ected light (G. E . Whit fi eld, I 92O) . It 
can be avoided by using a fi lter wh ich comple tely 
absorbs the ultra-v iolet, e .g. a colourless acscu li nc 
fi lter may be added t o the normal compensating fi lter. 
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for any other sensitive ma teria l, a nd this is par
ticularly inconvenient with hand cameras in 
which focussing is done by scale. Fortuna tely, 
it is possible to compensate for the reversal of 
the plate by placing behind the lens (after focus-

Screen 

( n ) 

Plate 
k-e-+l 

FIG. 2 19. ACTION OF LIGHT- FILTER IN 
AUTOCHROME PHOTOGRAPHY 

sing as for an ordinary plate) a filter which is 
twice the thickness of the plate. 

If, in the beam forming a sharp image at J 
(Fig . 219), we place a sheet of glass of thickness 
E and with parallel sides, the sharp image will 
be removed t o I' . By placing a sheet of glass 
of thickness e and parallel sides in a position 
parallel to the first glass and such that (in the 
absence of the first ) the sharp image J would be 
formed on its front surface, the sharp image will 
be removed from J' to J" . If the two glasses 
have the same index of refract ion 1·5, the 
condi tion 1 for J" to be formed on the rear 
surface of the second glass is E = 2e. 

Various other methods have been devised for 
ensuring the automatic correction of focus in 
the few cases where the construction of the 
camera does not permit of easy access to the 
back of the lens for placi ng in position and 
removing the colour filters. Among these are 
special dark slides which bring the front of the 
plate about 1 mm. in front of the plane where 
the image would be formed in the absence of 
the plate, or the use of filters with surfaces 

1 It is known (§ lI S) that the d isplace ment o f the 
sharp i mage clu e to the introdu ction of a glas~ of 
thi ckness E and index n is equal to II' = E (n - 1)/12; 
unde r the same co nditions , I' ) " = e (It '- r )jn', The 
correction of the focussing is therefore ens ured if 

whi ch co ndition, when 1l = H' = 1'5 (mean refractive 
index of glass), comes to E = 2e. 

worked so as to form a very slightly divergent 
system (E . Wandersleb , 1907) .1 

887a . The Use of Artificial Lights. As with 
three-colour work, Autochrome photogra phy 
may be done with any artificial light of the same 
qualitative composition as daylight, i.e. including 
almost all the visible rays , their relat ive propor
tions being immateria l. 

By using with artificial light the same com
pensating filter usually employed with daylight, 
a fa ithful reproduction will be obtained of the 
colours of the subj ec t at the time the photograph 
was taken a very different appearance from 
th a t of the same subj ect illuminated by daylight. 
A white surface illuminated by an incandescent 
lamp seems whi te , just as in daylight, but ap
pears yellowish or orange if we are able to com
pare it, at the same time, with an identical 
surface illuminated by daylight (or by artificial 
light which has been given the quantitative 
composition of daylight by use of a blue com
pensating filter). At the same time, the blues 
become dark grey, the light greens become 
yellow, and carmine becomes vermilion. These 
falsifications of colour by uncorrec ted artificial 
lights are, of course, well known? 

It is possible to imagine the use of correcting 
fIlters serving to bring the composition of the 
artificial lights used to t hat of daylight, such a 
filter being Sil perposed on the normal compen
sating filter when taking the photograph, or 
superposed on the picture when it is being 
viewed. When we remember that the normal 
compensating filter for Autochrome photography 
in daylight absorbs blue-violet chiefly, the lack 
of which in artificial light is compensated for 
by the c.orrecting filters absorbing green and 
red, it is cl ear that the superposition of the two 
filters will absorb the maj or portion of a ll the 
spectral rays, thus greatly increasing exposure. 

1 In the case of a lens of (j in. focal leng th (within 
abou t 3 per cent) a filte r forming a divergent lens of 
53 in. focal length automatically ensures the neces
sary correction when placed in front of the lens; th e 
over-correction docs not amount to 0'15 mm. (1/ 170 in .) 
when the object comes as close as about 13 ft . from 
the camera . This error is less than that due to the 
variations in the thick ness of p lates. 

2 A s imple experi ment serves to demo nstrate the 
subjectivity o f colours. If two lamps arc placed s id e 
by s ide , one naked and tho othor fi tted w ith an orange 
filter of sharp cut (c.g . a trough contain ing a strong 
solution of sodium bichromate), so as to throw o n a. 
shee t of white p aper the shadows of th~ same object, 
the paper wi ll appear white a nd the shad ows respec
tive ly grey and green, whereas in reality the paper is 
then yellow and the shadows respectively brown and 
grey. 
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On the other ha nd , if a correcting filter is super
posed on the completed Autochrome, its already 
poor transparency will be sti ll furt her red uced. 
For these reasons, it is necessa ry to use a special 
fIlter for each kind of a rtifIcia l light,! so that 
the ligh t transmi tted th rough th at fi Ite r produces 
eq ual densities of the emulsion through t he three 
kinds of grains of the mosaic screen. 

According to the Iigh t with which they are 
to be employed, these compensat ing filters a re 
of a less orange-yellow t han the normal filter, 
and sometimes even of a greenish-yellow. They 
are always very much less absorbent than the 
normal filter. 

888. The Dufaycolor Process. The screen of 
t he Dufaycolor fi lms is formed of equidistant 
parallel red lines, 20 to the millimet re. Between 
them, green and blue-violet squares a lternate at 
the ra te of 20 squares of each colour per milli
metre. Th is regu lar screen is obtained as 
follows: The base is fi rst coated with a very 
thin layer of collodion dyed blue; a fte rwards a 
se t of greasy ink lines is printed at an angle to 
the length of the ro ll ; in the next operat ion the 
dye between the ink lines is bleached , and a 
second dye bath results in the clear space being 
coloured green . The ink lines are now removed 
and a second set printed at right a ngles to the 
first. A second bleaching bath now removes the 
green and blue dyes where there is no protect ive 
cover of ink. In a fi nal bath, th ese clea r spaces 
are dyed red, and last ly the ink lines are re
moved. In each of the two rulings the th ickness 
of the lines is such as to eq ua lize approximately 
the a reas of blue, green, and red. 

On top of the reseau, to protec t it, t here is a 
very thin layer (about 1ft ) of varn ish, thu s avoid
ing any effect of parallax , and then a coating of 
a special very highly sensitive panchromatic 
emulsion. The varnish used form s a n insulator 
and very effect ive substratum for the emulsion, 
which has no tendency to come away, even in 
baths of 75° F. 

The ind ividua l elements of the screen are cer
tainly much larger than the grains of an irregu
lar mosaic, but there is no massing of elements 
of one and th e same colour, and the structu re of 
the image becomes apparent only in the case of 
proj ection on a very much enlarged sca le viewed 
too closely. 

1 No compensating filte r at all is needed, wh atever 
the light, if, instead o f proceedin g to reverse the image, 
it is fixed after developmen t so as to obtain a negative, 
which is then copied in the camera, this intermed iate 
negative be ing illuminated by the sa me ligh t as was 
used for taking it (E. Cousin, 19 [3)· 

889. Exposure. As in all cases where a very 
thin coating of emulsion is used, and particularly 
where reversal is carried out, the exposure lies 
within very na rrow limits. 

'vVhereas in monochrome ph otography, where 
there is a fairly wide latitude in exposure, the 
exposure is usually timed for the shadows, since 
over-exposure of the high-ligh ts is rarely a 
source of fa ilure, in Autochrome work, how
ever, t he exposure needs to be for the high-lights 
of the subj ec t (the sky excepted, wh ich must be 
shielded d uring exposure by one of the means 
mentioned in § I25, but not grad uated yellow 
fI lter). 

P hotographs taken in dull weather show less 
strong colours than th ose taken in sunshine, 
and give a better rendering of aeria l perspective, 
but the exposure must be proportionately 
longer when the subject is not so strongly lighted. 

In using an acti nometer, a llowance must be 
made for these peculiarit ies, especially as regards 
decreasing th e indicated exposure when exposing 
in very bright light and in increasing it in bad 
light. When taking ill-lit interior views it is 
often necessary to double the exposure calcu
lated on t he basis of the exposure necessary for 
a sunli t landscape. 

890. Display and Projection of Colour Screen 
Plates and Films. Plates and film s in tended for 
direct inspect ion must be placed in passe-par
tout mounts with wide, dark margins to mask 
the surroundings, which by their much greater 
brightness would cause the image to a ppea r very 
dark. 

The dyes used for stain ing the elements of 
the mosaic or of the reseau cannot stand the 
ac t ion o f direct sunl ight indefinitely. It is there
fore necessary to avoid exposing colour pla tes or 
film s a t a window, except one facing the north . 

VarioLls devices enable colour plates or ftlms 
to be examined under suitable conditions. We 
may mention the wallet-like viewi ng cases and 
the ill uminated frames. 

The viewing cases have a fram e, with adapters 
in which the plate or film (mounted between two 
sheets of glass) can be placed in a plane inclined 
at about 45°, a nd connected by a bellows to 
another frame contai ning a mir ror placed hori
zontally. The observer looks in the mirror 
with in this kind of box with black walls, and 
sees the reflected image of the pla te or film 
illumin ated by daylight or by a lamp. 

The illuminated frames have at the back of 
the frame receiving the transparency, a diffu sing 
surface (white paper, matt, opal glass, or 
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a luminium roughened by a sand-blas t ) illumin
ated sideways by tubula r-shaped lamps hidden 
from th e v iew of the observer. 

\ \ ·hen a colour screen plate or fi 1m is lighted or 
projected by a rti fIcia l light, it is o ften of advan
tage, a t least in a room wh ich has no other light , 
to absorb the excess of red in the light used by 
means of a very slightly bluish fi lter, of which 
the depth must be ascertained by t ri al. 

The project ion of colour-screen plates or fi lm 
requires a ve ry powerful light-source. As these 
images absorb a great deal of light , they become 
heated ve ry rapidly and would soon be dest royed 
through softening of the va rnish which holds 
the coloured starch grains in position. Each 
pJate must therefore remain only a short ti me 
in the beam of light. 

As far as possible, the prac tice of alternati ng 
colour and monochrome s lides duri ng a lecture 
must be avoided . T he lat ter a re fa r more trans
pa rent, and cause a dazzle effect, which makes 
t he colour sli des following t hem appear much 
darker. If it is impossible to avoid showing 
monoch rome sli des, they may be bounded wit h 
old colou r-screens from which the si lver image 
has been removed, thu s ma king them darker . 
It is, howe,·er, simpler to show first o f a ll the 
monochrome slides and then the colour-screen 
image or vice ve rsa, the power of the light being 
reduced for projec ting the monochrome slides. 

891. Monochrome Negatives from Colour 
Screen Transparencies. It may sometimes be 
necessary to obtai n black and wh ite prints, same 
size or enlarged, o f a subject o f which only a 
colour screen t ransparency is availa ble . A nega
tive may be made by contact printing, pre fer
ably on a panchroma ti c pla te with a yello';v 
f1 1ter balancing about eq ua ll y the lights trans
m itted by t he three kinds of starch gra ins in 
a n a rea corresponding to a white part o f the 
image. But (especia lly when enlargements a re 
made) such a negat ive always shows somewhat 
marked granularit y in the images of objects in 
bright colours, owing to the masking of the 
grains of one or two colours. 

This granula rity is avoided a nd at the same 
time the out lines a re softened by copying the 
transparency in a camera by the Artigue two
plate method (312), the com posite negative 
thus obta ined from an au tochrome being capa ble 
of en largeme nt up to 5 times (L. Gimpel , 1 923). 
T he gran ula rity of a contact negative may a lso 
be reduced by copying or enlargi ng it by one 
of the methods described in § 313. 

892. Duplicate Colour Screen Transparencies. 

F or the reprod uction of images with a regular 
or irregula r tricolour mosaic on sim ila r plates 
and fi lms it is advantageous to use specia ll y 
prepared originals, denser and more contrasty 
than those bes t suited for direct viewing or 
proj ect ion, obtai ned by norma l ex posure and a 
somewhat curta iled first development. The 
d ifficu lties o f reproducing colour-screen tran
sparencies a re d ue on the one ha nd to the 
structure of the image, a nd on the other, to the 
fau lty satu rat ion of the colou rs. 

Let us take, for example, the image of a red 
object . 0:1 a certain area of th is image there 
may be, for instance, 300 uncovered red gra ins 
and 6 00 masked g ra ins (300 green gra ins and 
300 blue g rai ns) . If a sharp image of this plate 
is obtained on a second plate of the same nature, 
it is probable that owing to t he d istr ibuti on of 
the g ra ins according to t he laws of chance, of 
the 3 0 0 red gra ins only 1 00 will be projec ted 
on to the red grains in the second plate; the 
remaining 200, being projec ted on to g reen and 
blue gra ill s, wi ll not be recorded, and the fll1 a l 
image will th us be composed of 100 red grai ns 
and 800 black grains, so that it is considerably 
da rker than the or ig ina l image. This darkeni ng 
is eas ily remedied by int rod ucing a certa in 
degree of diffusion into the images (use of an 
incompletely correc ted lens or imperfect focus
sing when copying is done in the camera; fa ulty 
contact and use of a compara ti vely large suurce 
of ligh t, when copy ing is done by contac t 
printing) . 

If a cha rt made of fil te rs of pure, saturated 
colours is reprod uced by a colour screen plate 
or film, it will be found that , despite t he 
brilli ancy o f the co py, its colours a re dilu ted 
with a certa in amount of white light. Th is fa ult 
o f sa turat ion is obviously magnified in the 
course of copying the fIrst transparency. l I f, 
in spite o r the la rge amount o f white light they 
transm it , the colours of the colou r-screen plates 
and films a ppear to be saturated , th is is due to 

1 S p :::ctro-p hotolllctric m caslIrcm cn ts by A. v on] 1(', bl 
( [ 90<) ) ha.vc given the following proportions of black, 
of pure colo ur, and of white for success ive images o f 
a blu e filtcr-

Black Pure W hi te cololl r 

Original blue fi lter 16% 84% -• • 

Autochrom c reproduction 18% 59 % 23% 
Reprod lIction of the above 

Autochro mc • • 20 0/0 46% 34% 
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the fact tha t the opacity of the mosaic screen 
only a llows them to be seen in weak light. Now, 
it is known that a coloured paper always 
appears of more intense colour in the shade 
than in the su nshine. 

This loss of saturation is, moreover, not the 
same for all colours. It is most marked with 
yellow. If it were the same for a ll colours, it 
could be remedied by intensificat ion, but this 
treatment would darken unduly the colours 

• 

which are sufficiently saturated. 
This phenomenon is due, at leas t partly, to 

diffusion and refraction within the starch grains 
and to irradiation within the layer of emulsion. 
The image of a red object, which, during the first 
development, should be limited to the parts of 
the em ulsion situated behind the red grains, 
impinges on the adjacent parts. After reversal, 
the grains partly uncovered near the red grains 
will therefore transmit some green and blue 
light. In the case of the image of a yellow object, 
this spreading effect is even more marked, for 
the blue grains will be partly uncovered both 
near the red grains and near the green grains. 
These same causes would appear to lighten in 
the same degree the greenish-blue and the pinks, 
but these colours in a pure condit ion a re found 
less often than pure yellows. 

It will therefore be seen that wh ile a colou r 
screen tra nsparency with vigorous tones and 
free from pure yellow may usually yield satis
facto ry copies, it is impossible to reproduce 
satisfactorily a colour transparency with so ft 
tones. 

893. Th e copying of colour screen trans
pa rencies on plates or films with a regular or 
irregular tricolour mosaic is done either in a 
prin ting fram e or in a triple-body reproduction 
camera. The light must generally be filtered . 

Excessive sharpness must be avoided; it is 
desirable that the image of each element should 
spread over some elements of the screen of the 
sensiti ve emulsion. For copying by contact, a 
light source of considerable size will therefore be 
used, and possibly the surfaces of the two fi lms 
may be separated by in terposing a th in trans
parent sheet of film. 

To reduce the loss of saturation o[ the colou rs 
it has been proposed to effect copying by 
utilizing, simultaneously or successively, three 
narrow spectral bands, each passing only th e 
elementary ftlters of the same colour (G . B. 
H arr ison, 1933 ; G. A. Raguin, 1933). 

894. Colour Separation Negatives from Colour 
Screen Transparencies. Autochrome photo-

graphy has considerably enlarged the field of 
application of three-colour work by enabling it 
to be used for various subj ects such as land
scapes and scenes in movement for which direc t 
trichrome selection is practically impossible. It 
is, however, necessary to avoid the intermediary 
of a colour screen pla te or film in all cases where 
it is possible to make the colour-selec tion nega
tives directly from the original. Still more is it 
necessary, for the reasons a lready stated (§ 906), 
to abstain from attempting a three-colour 
reproduction from a duplicate. 

Three-colour separation from a colour screen 
transparency does not involve actual selection, 
but a sorting of t he three selection images inter
mingled on the origin al plate. The employ ment 
of the normal select ion filters would give on ly 
fairly bad resu lts by adding up the defects of 
two successive selections. In order to utilize 
just as it is the selection already made by the 
elementary filters of the screen plate or film 
filters are employed which completely cut out 
two of the three intermingled images, and trans
mit the third. To ensure these conditions, the 
regions of transpa rency of the filters must be 
narrower than those of the elementary filters 
(§ 884, footnote) and must be included within 
the latter, or at leas t they must have a very 
marked maximum near the centre of transmis
sion of the corresponding elementary filter. 1 

F or sorting out the three images it is therefore 
sufficient to employ filters of which the spect ral 
limits of transmission are, for instance-

below 4,800 ; from 5,100 to 5,700 ; above 5,900 . 

It should be noted that such ftlters arc not 
suitable [or selec tion proper. 

895. The copying may be done with advantage 
in a printing frame, using a lamp Jitted with a 
ground glass and, successively, with the three 
special filters (L. P. Clerc, 1907) . The usc of 
diffused light on the one hand, and of a very 
ample exposure on the other hand, reduces t o 
a certain extent the gra nularity of the images. 

It has been repeatedly suggested (L. Didier , 
1908 ; J. R. Fuller, 1924) to obtain , under the 
same conditions, selection positi ves from a colour 
screen negative (a colour screen plate or film 
fixed after development), such positives being 
usable direct for synthesis by ll yd rotype print-

1 Conversely, Autochrome films have been ll sed for 
copying from selec ti on negatives, using for each the 
corresponding separation filter; the inversion of the 
images is thereby avoided (M. Audibert, 1929; W. 
Chapman, 1929). 
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ing, or forming the prints requ ired for photo
mechanical reproduction. But a drawback of 
this method is that it is im possible to examine 
the q uality of the colour negat ive before copying 
i t. 

I n cases where the copying is done in a triple
body camera with the colour transparency 
illumi nated by artific ial light , precaut ions need 

• 

to be taken to avoid , during the long exposures 
necessary, any heat ing which may injure the 
transparency. A stream of ai r may be d irected 
on to the latter by means of an electric fan. 

The structure of the image can be almost 
completely eliminated without seriously im
pairing the sharpness of the image, by set ting 
the camera very slight ly Ollt of fOC llS. 



CHAPTER L 

A N OUTLlKE OF CI NE MATOGRAPHY 

896. The Origins of Cinem atography. T he fir st 
at tempts to show an imated im ages made use of 
drawings representing the va rious phases of a 
simple m ovement p rescnted successively t o the 
eye, each during a very short momcnt of time, 
in the phenakisti scope of Plateau (1829- 1833), 
and in its numerous varian ts, including t he 
zoet rope , still manufactured as a toy, and t he 
praxinoscope (E. R eynaud, 1877) . In this latter, 
viewing a t sepa ra te instants with comparatively 
long inter va ls is replaced by cont inuous v iewing 
of the v irtual im ages (which a rc relat ively fixed) 
of the drawings p laced inside a cylinder in rapid 
rotation. This is an optical method, the prin
ciple of which may be found in various m odern 
cinematograph appa ra tus in which the film 
tra vels with a con tin uous m ovemen t. 

A physiological process , wh ich has not been 
expl a ined, a nd in which the persistence of 
luminous sensations on the ret ina is partly 
involved , results in the specta tor feeling the 
sensa tion of a continuous d isplacement of 
the m ovi ng pa rts of the image if t he images 
follow each oth er at the rate of a t leas t r6 per 
second. 

As soon as photography permitted subj ects 
in m ovem ent to be recorded, numerous invest i
gators endeavoured to replace t he diagramm at ic 
d rawings of the phenakisti scope by photographs , 
a nd to projec t these photographs, st ill limited to 
a ve ry few phases of one given movcmcnt, on a 
sCI·een. 

F or his studies o f the physiology of m ovement , 
J. Marey was lcd , about r 887 , to record a very 
la rge number o f images on paper film, and , late r, 
on film in long s t rips . His attempts to projec t 
t he images th us obtained were fruitl ess, because 
of t he unequa l spacing of the p ictures in the 
strip. In r 89 I Ed ison prod uced his Kinctoscope , 
which enabled a single spectator to sec a n 
anima ted pict ure las ting about 30 seconds , and 
recorded on a n endless band of fIlm provided 
with marg ina l perforations t h roug h the medium 
of wh ich it was m oved by too t hed wheels. It 
was, however, impossible t o project these images, 
each appearing on ly during a very short fraction 
of the in te rval of the time between the viewing 
of two imagcs. 

In t he meantime anima ted projections of 

scenes las ting about IS minutes had been shown 
to the public (Th eatre optiq ue, 1889- 19°0) by 
E. l~eynaud, but the st rips used, whi le providcd 
with perforations for travcl and register , wcrc 
coloured d rawings on t ransparent film s fore
runners of th e animated drawings often seen in 
cinema shows. 

It may be said th a t from 1892 t he ques ti on 
o f the projec tion o f anim ated photographs was 
al ready" in the a ir." Attempts were made in 
E ngland by Friese-Grcene, in t he Un ited States 
by J enkins, and very numcrous patcnts wcre 
taken out at that pcriod for apparatus which 
was never manufac turcd . It was g iven to MM . 
A. a nd L. Lumicre to produce in r 895 t he fi rs t 
" c incmatographe" with periodic sto ppage o f 
the film' permitting a lternately t he taking o f 
the views, th e printing of the positives, and their 
project ion. It is a lso to t hem that the firs t 
public cincmatograph performances a re duc. 
They succeedcd in obtaining perfecti on at the 
very outse t, as has been shown duri ng recent 
years on occasions when their fIrst film s have 
bcen proj ec ted . 

897. Cinem atographic Film. TIl e s tandard 
cinematographic fi lm, the only one in gencra l 
use for commercia l and scientific work , carries 
pictures (or "frames ") each m easuring r8 
x 24 mm. (approximately il: X : ;'; in .) , of which 
t he short side is placed ve rti cally , pa rallel to 
the edges of t he strip , with spaccs of about 
I mm. (I jz5t h in. ) between successive fram cs. 
The width of the film strip is 35 mm. ( I ~ in .), 
the excess over th e width of the fram es bcing 
equally apportioned on either side and used for 
the perforations by which the film is moved. 
There are four perforations in each of the margins 
of each frame. The standard-s ize negative film 
is always m ade with a cellul oid base . The 
s tandard-size positive film is made eit her with 
a celluloid base or with a base o f cell ulose 
acetate which is practically un inflammable, the 
usc of the la t te r is to be compulsory ill France fo r 
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1 T he intermittent movement o f th e film is us ually 
e nsured in c inematograph tak ing ca mcras by claws 
worked by cam s. Auxiliary claws hold the [tIm :; till 
w hil e it is re leased by the Illotion c laws . In proj eclors, 
th e movemen t of the film is nearl y always e ffected 
by a toothed drum with intermittent rotation govern ed 
by a " 1\ Ialtcsc cross" mechan ism. 
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public entertainmen ts . Standard-size film is 
usuall y supplied in lengths of 200 and 400 ft. 

Besides standard-size film, amateur cinema to
graphy and ed ucati onal film s employ various 
films of reduced , sub-standard size . Th ese are 
usuall y made with a cellul ose ace tate base, I a nd 
such of them as a re specia lly in tended for 
amateur use are coated with a reversible emul 
sion, so as to avoid the somewhat high cost of 
pri nt ing a positi'·e. 

898. Cinematograph Cameras. With the ex
ception of certain amateur instruments which, 
with vari ous add itions, can be used for tak ing 
views, printing them, and proj ecting th em, 
cinema tographic apparatus is highly specialized , 
and among the cameras exclusive ly intended for 
taking views, three classes may be recognized 
at the presen t time-

(a ) Apparatus for drama subj ects, comprising 
numerous accessories for such effects as th e 
gradual passage from one scene to another, 
double exposures, masks, vignettes of increasing 
or decreasing size, etc. Th ese cameras are 
always used on a rigid stand, often fitted with a 
panoramic head. 

(b) Cameras for record and scient ific cinemato
graphy , topical films, etc. Th ese differ from the 
preceding only by the omission of the specia l 
accessories for scenic effects. These cameras 
a re genera lly used on a stancJ,2 but some of them 

1 Excep t espec ia ll y for films made b y slitting stand
ani-s ize ce llul o id film in two alo ng its median line . 

The tabl e a t foot of page g ives the di mensio ns o f the 
vario tl s sub-sta ndard s izes ac tuall y in use for am ate ur 
c ine ma tograph y and for educational fi lms . 

On sOllnd film s , t he space reserved for th e sOllnd t rac k 
lead s to a s li ght reduc tion in th e dime nsions o f th e 
images ; on 1 6 1111ll. fi lm , ho\\"evor , th e sOllnd track 
takes th e place o f onc o f th e two marg ina l ro ws o f 
p erfo rations . 

::! Specia l shock-absorbing s upports have been made 
for the usc of cinematograph camcras o n vehic les or 
:lircraft . Suspensory s upports with checked osc illa
tions have bcen used fo r work on board ship, 

I American Standard school fi l m film 

mm. mm. 
Frame size • • • 18 x 24 14'5 x ' 9 '5 
Width of the film • • 35 28 
Distance between homolo-

gous points o f successive 
pi ctures • • • 19 15 

Factor o f utilization • • 65 % 68% 

may be held in th e hand or suspended from the 
opera tor' s body by s traps, being d riven by a 
motor (spring motor, compressed air motor, etc.) . 

The normal taking frequency for ca meras of 
these two classes was, for a long period , 16 
frames per second (reduced to 14 for 9.5 mm. 
film). The necessity for giving to sound record
ing a length of about 455 mm. per second has led 
to the norm al runni ng speed of 35 mm. fi lm 
being raised to 2 4 frames per second. The handl e 
of these cameras may be placed on the ax is o f 
one of the gear wheels, so as to record one frame 
per tu rn of the handle. 

(e) Cameras for speed cinematography, used 
a t th e rate of about 240 frames per second. The 
resulting film s, when projected at the normal 
rate (the called slow-motion projecti on), mag
nify the periods of time and render possible the 
analysis of movements which cann ot be studied 
under normal condi t ions. ' The mechanism of 
th ese inst ru ments ;s ve ry differen t from th at of 
ordi nary cameras, which, if worked at such 
speeds, would tear the film and would soon be 
damaged. 2 

Th ese instruments must be used on extremely 
rigid stands, to prevent the vibrat ions of the 
mechanism from causing a general tremor of 
the camera. 

All t hese cameras may be actuated by a n 
elect ro-motor run either by current from th e 
mains, in the case of stud io instruments, or by 
means of a set of accumulators, in th e case of 
cameras used out of doors. Devices have been 
made for actuat ing the camera from a distance, 
especially in the case of the cinematography of 
wild a nimals in freedom . 

J ust as any rapid phenomenon can be slowed 
1 In Germany these cameras ha.ve been g iven the 

picturesque name o f Zeitlupe (time magnify ing glass) . 
2 \ Ve may mention the ch ro nophotographic cameras 

with speecls of 4, 000 fram es per second , s uch a s the 
H eape & G ryll s apparatus, weighing 4 t ons a nd used 
by t he British ordn a nce for artillery s t udies. 

Slit American " Baby " "E ight" " Rural" stand ard amateur film film film fil m 

mm . mnl. mOl. mIn . mnl, 
9'5 x ' 3'5 9 X 12 7 '5 x 10 6'5 x 9 3 '75 x 5 

1 7' 5 17' 5 16 9'5 8 

9'5 9'5 8 7'5 4 
77% 6-"1< ) 0 58% 82% 5 7% 

The factor o f u ti li zation shows the fraction of the t otal fi lm area occupied by the picture. 
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to any desired degree t o enable it to be analysed, 
so also a slow phenomenon, difficult to perceive 
on account of its very slowness, such as the 
germinat ion and growth of a plant, the evolu tion 
of glaciers and other geological changes, can be 
condensed into a very short space of t ime if the 
cinematograph record is taken at long intervals 
(such as a n hour, a day, according to the more 
or less slow character of the phenomenon it is 
desired to represent), project ion being effected 
at the usual speed. 

899. Film Boxes. T he unexposed film is 
loaded into the cameras in full daylight by 
means of removable boxes having, as a rule, a 
capacity of 400 ft. of film. These boxes, having 
served as suppliers of film, are then used as 
receivers of the exposed film. 

The film boxes a nd the manner of placing them 
in the camera vary with different makes, so that 
only general rules can be given. In all cases 
where it is necessary to wind th e film on a core 
special to the film box used, this winding must 
be done in a room free from dust, on a winder 
in perfect condition, avoiding too high a speed 
and excessive tension, which will produce s tatic 
(§ 242) or friction markings (§ 199) . The film 
box must be carefully cleaned before placing 
the spool of film in it, special attention being 
paid to brushing the velvet strips which main
tain the light-tightness of the slot through 
which the film passes. 

When placing a box in t he camera, of which 
the film channel and the various parts have 
been cleaned, i t is usua l to have a length of 
20 to 30 in. of film projecting from the box l Its 
end is cut into a point, and it is first led over a 
supply drum and then in to the film channel, 
where the claws engage the perforations, then 
on to another drum, a loose loop being left 
between the chan nel and each of the drums 
(some cameras have only one drum which both 
sections of the film pass over, covering an angle 
of about 120 degrees). and finall y on to the core 
of the ta ke-up box. By giving the handle a turn, 
it is seen that the film is correc tl y threaded and 
the ta ke-up box a nd camera are then closed . 

900. Exposure and Regulation of the Stop. 
Under th e usua l conditions under whi ch cine
matography is practised , the rate a t which the 
pictures a re taken strictly limits the duration 
of exposure, each cycle of the mechanism not 

J Sub-standard fi lms are generall y provided with 
leaders and tracers o f opaq ue paper on which the 
perforations are continued to avoid a loss of film when 
loading and unload ing the camera. 

allowing the exposure to be longer th an two
thirds of the cycle, that is about 1/24th second 
at the maximum (and often only 1/32nd of a 
second) for films taken at the speed of 16 frames 
per second, and 1/40- 1/50 second for film s at 
t he rate of 24 frames per second. 

The shutter is usually formed of two or three 
discs with cut-out sectors, which can overlap, 
leaving an open sector of variable angle, which 
in some cameras is as much as 240°. In simpli
fied inst rumen ts, the shu t ter often has a fixed 
opening of 120°, and the regul at ion of the 
amount of light to be passed to the emulsion 
can then be made only by the lens stop, which 
thereby plays a part qui te different to its normal 
one in photography, where it should be used 
only for the purpose of regulati ng the depth of 
field , unless the lens is fitted with a neutra l
grey screen of appropriate densi ty, either a lone 
or combined with a light-filter l 

901. Taking the Pictures. It wi ll be noticed 
that at the rate of 16 frames per second, the 
rate of turning of the handle is eq ual to tha t of 
the" quick s tep " (120 paces per minute). F or 
this reason some operators hum a march tune 
as a help in keeping time when taking a view. 

F or turning the handle, the forearm must be 
nearly motionless, the hand turning round the 
wrist and not the forearm round the elbow. 
In general, the camera is supported with the 
left hand wh ile th e right hand turns the handle, 
that is, unless the left hand is employed in 
adjusting the panoramic head or the swing 
aroun d a horizontal axis, both of which opera
tions are better done by a n assistant. 

A fault common to new operators is to exag
gerate the dura ti on of scenes in which there is 
no real movement (landscapes, seascapes, etc.) ; 
a dura tion of 15 seconds, tha t is, 30 turns of the 
handle, must be regarded as a maximum. 

It therefore very often happens that scenes 
with different lighting a re recorded on one film, 
the limits of each scene being marked by a 
perforator actuated from outside the camera, 
so as to permit of each scene being developed 
separately according to its contras t. It is advis
able to take at least 20 in . (or about 3 turns of 
the handle) more than the strip to be used , if it 
is wished to cut off pieces of film for develop
ment t ests without encroaching on the scenes 
themselves. If it is desired to remove the 
exposed film at once, it is necessary to turn off 

1 The use has been suggested of auxiliary stops with 
slats t o regulate the illu mination without in fl uenCing 
the depth of fielcl. 

• 

• 
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about 3 ft. extra of blank film (about 6 turns of 
the handle) in order to be sure that t he last 
useful pictures have entered the receiver. 

In amateur cinematography with reversing 
film, which leaves only l ittle latitude in the 
choice of the duration of exposure, it is n ecessary 
to avoid photographing on one and the same 
film scenes of very different cha racter, or even 
scenes with notably differen t lightings, unless 
an exposure meter is used for determining the 
" exposure," i.e. the stop to use. 

902. Various Manipulations. Excep t in t he 
more and more frequ ent cases when the negatives 
are developed in cont inuous machines, as is 
al most always the case with · positive film, 
development is carried out on frames or drums. 
The fram es on whi ch the film has been wound 
a re completely immersed in horizontal or ve rtical 
tanks containing the various baths. Drums with 
a horizontal axis and on which the film is wound 
in helix form, dip in the baths only at their 
lower part and are turned at a uniform rate 
during the whole operation, the various parts 
of the film thus d ippi ng in the liquid only at 
in tervals1 

\>\Th en a preliminary development test is m ade 
on a piece of film, it must be remembered that 
differences in the speed of development result 
from differences in the renewal of the liquid 
a round the film due to differences in the m ove
ment of the film in the bath. It is therefore 
necessary to ensure that development of the 
test piece is carried out under conditions as little 
different as possible from those attending the 
actua l development of the film.2 

903. Drying the Film. The film must be freed 
from adhering wate r before drying, e ither by 
wiping wi th mois t cotton-wool or with a wash
leather, or by d rawing it between rubber 
squeegees, or, agai n , by blowing with compressed 
air. This is necessary to avoid the presence of 
drops of water, which will give rise to markings. 

Drying must be done at a low t emperature 
- (68- 77° F.) in comparatively damp a ir (75 to 

80 per cent) to avoid excessive t enderness of 
1 Defo re lise again, the [ I-ames, and druill s arc clea.ned 

by s uccess ive treatment in a. 0 '1 p er ce nt solution of 
potass ium p crmanganatc, pure water, and the n in a 
2 p er cent sol ution of sodium bis ulphitc, foll ow ed by 
a furth er washing . 

:?: Photometric measu rements made by L. A. Jones 
( 1922) with a vcry large nu mber of negative film s of 
good quali ty and vario us orig ins, gave, as an average 
figure for emu lsion fog, a density of 0-2 (opacity, 1-5, 
i.e. a transparency of 66 per cent), and , fo r the differ
ence between the extreme densities, 0-8 (equal to a 
proportion between the transparencies of about I : 6-5). 

the gelatine and a lso permanent d istortion of 
the film, which would render its employment 
difficult. 

The film, which expands slightly in the baths, 
contracts on drying, its shrinkage varying from 
0'05 per cen t to 0'2 per cent, according to the 
nature of the base and the drying conditions. 
This shrinkage increases with age and can 
exceed I per cent, especia lly if the film is stored 
in a very dry atmosphere . 

904. Titles . The various scenes of a film a re 
genera lly preceded by titles and sub-titles , 
printed from t ype or m ade from drawn designs, 
occasionally combined with still or animated 
pictures. 

To enable titles t o be read satisfactorily, it is 
usua l to allow 4/5ths of a second per word, or 
10 in. of standard film, with a minimum of 20 in. 
per title . 

These t itles a re generally taken, by means of 
a special camera, on positive film, by copying 
opaque t exts illumina ted by reflected light, or 
transparent texts illuminated from behind, 
either in diffused or " d irected" light . 

To avoid dazzle, ti t les are always projected 
with white letters on a black ground. The film s 
for them are obtained either direc tly or by 
printing under a negative t aken under appro
priate condi tions. 

905. Joining Negatives. To permit au tomat ic 
printing and development of the positive film 
and to avoid the joins in it which are sometimes 
the cause of trouble during projection, the nega
tives of the various scenes a re genera lly (after 
tria l positives have been printed, examined, cut , 
and assembled) joined by cementing into olle 
single negative film. 

906. Printing of Positives. Ci nematograph 
fIlms a re printed in machines with an inter
mittent action, the printing being done frame 
by frame,l or in continuous printers, the nega
tive and positive passing together behind a slit, 
the opening of which ad justs the duration of 
exposure. 

Before prin ting, a test is usua lly made to 
ascertain the working conditions which will give 
the best result . This t est is indispensable when 
development is carried out for an a lm ost fixed 
time, as is the case with certain types of con
tinuous prin te rs . In m odern installat ions, use 

1 P r inti ng is us ually d one by contact, except in the 
case of sub-standard films for home projection, whi ch 
a rc obtained by printing from standard negative fi lm 
i n p rinters d esigned in the man ner of the triple-body 
copymg camera. 
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is made for t his purpose of automatic testers. 
which afford about r o frames of each scene, each 
with a given exposure such as may be obtained 
by inserting suitably graded resistances in the 
circuit of t he lamps.! 

After ascertaining t he best condit ions, the 
negative is usua lly nicked on its ca ges, at a 
poin t marking the common limit between two 
scenes, the passage of these nicks releasing in 
the printer a mechanism which automatically 
ad justs the in tensity of the lamps (intermittent 
printers) or the duration of the exposure (con
tinuous printers). 

Trial positives and small numbers of f11m 
lengths a re developed under the same condition s 
as described for negatives. The developed, fixed, 
and washed film s a re sometimes su bj ected to 
various toning processes or to general tinting . 

907. Storage and Maintenance of Positive 
Film. Films cannot ret a in the necessary flex
ibilit y , especially after the considerable heating 
which they undergo when projected ," unless 
they are kept, when not in use, at as low a 
temperature as poss ible and in compara ti vely 
moist air. They can with advantage be placed 
from time to time in a moistening box, i.e. a 
box with a perforated double bottom. In t he 
upper compartment is the film, loosened into 
a slack coil, and in the lower compartment, 
a container filled with water or with wet 
pads. 

Before using a new film, it is advisable to put 
paraffin wax on i ts edges, an operation which is 
performed by special machines. Through the 
combined action of heat and friction, the wax 
is sufficiently softened to form a lubricant wh ich 
decreases t he resistance to the passage of the 
film through the projector. Th is is very neces
sary, as the gelatine of a new film still retains a 
fair amount of m oist ure, and therefore is liable, 
when passing through the gate, to form lumps 
which give rise to scratches and which brake the 
film and thus can cause t he toothed drums to 
cut the perforations. 

Scratches on films which have been much 
used, and carelessly, g ive a very unpl easant 
effect of rain to the picture on the screen. This 
effect can be red uced, either by applying a matt 
or clear varnish, or by soaking the film in tepid 

1 It should be noted t hat thi s causes a variation in 
the colour of the light as well as in its inten sity . 

2 In addition to the excessive desiccation of the gela
tin e. this heating tends to volatilize the slightl y volatile 
solvents, or "plasticizers," which it is necessary to 
retain in the base in order to cause it to keep its supple
ness. 

water or in reagents causing a sweLling of the 
gelatine. 

Many of these scratches are produced dur ing 
re-spooling by grains of dust imprisoned between 
the coi ls. Transverse scratches appear also 
when attempts are made to flatt en , by knocking 
edgeways on a table, an irregul arly wound spool 
in which the edges of the windings are not leve l. 

After passing a num ber of times through an 
over-lubricated projector, a film is often be
spattered with oil and must be cleaned. There 
are special machines for this cleaning, usuaLly 
employing carbon tetrach loride, which is a 
non-inflammable solvent. This liquid some times 
contains traces of sulphur chloride which may 
attack the film if the latter is re-spooled before 
complete evaporation of the cleaner. This ri sk 
is avoided by using t etrach lorethylcne . 

Each time re-spooling is done, the joins should 
be inspected and re-cemented, if necessary, as a 
partly-lifted join can cause the film to tear. 

908. Flicker. In early m odels of projectors, 
the luminous beam was cut off only during the 
time required to replace one frame by another, 
so that there were r6 dark inter vals per second. 
The flicker due to these alternations of light 
and darkness are very un pleasan t, and even 
fat iguing. Trial of various means has sh own 
that flicker can be reduced only by increasing 
the frequency of the dark intervals , and this 
has led to the use of shu tters with two blades, 
one serving to mask the film while it is being 
shifted, and the other solely to reduce flicker. 
F licker becomes more apparent according as the 
screen is more brightly illuminated, and the 
great increase in the power of the illuminants 
employed of late years l,as again brought for
ward this question, which has not been solved 
by the many attempts to use shutters with 
translucent blades. 

It has been clearly shown by K. de Proszynski 
(r9II) that the necessary and sufficient condition 
to eliminate flicker, when the brilliancy of the 
screen is very large, is to increase the nUIll ber 
of ligh t interruptions to about 50 per second, 
these in terrup ti ons being of equal durat ion and 
uniformly spaced. 

909. Cinematograph Projection. It is not 
possible to deal here, even summarily, with 
cinematograph projectors, nor with their mani
pulation and attendant necessary precautions, 
the chief of which latter a re, moreover, compul
sory by ofiicial regula tions. 

We may however mention that in addition 
to projectors intended for picture theatres, there 

• 
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are many patterns, of a more or less simplified 
type, intended for educational purposes (school 
models usually include arrangements for s top
ping the film at any given frame, a t the will of 
the lecturer, so as to perm it details to be exam
ined), for commercial purposes (portable pro
jectors for commercial travellers) , and for home 
projection. 

Whatever the projector used, it must be con
stantly maintained in an absolutely clean 
condition, a nd the various parts which come in 
ccntact with the film must be periodically 
examined with care, so as to permit the replace
ment, in time, of worn parts likely to mutilate 
the film . 

This examination should be directed particu
larly to the toothed drums (worn t eeth tend to 
cut the film), take-up rollers, guide rollers, 
pressure rollers (jamm ing of the rollers prevent
ing their rotation, non-parallelism of their axes 
with those of the drums, faults of alignment of 
the various rollers and drums) , pressure springs 
of the film guide (uneq ua l or excessive pressure)," 
the take-up mechanism of the ftlm (excessive 
friction of the clutch discs causing a great ten
sion on the lower supply spool), the intermittent 
mechanism (play in the intermit tent drum, wear 
of the plateau of the Maltese cross, and on the 

1 T llC pressu re of the springs must be about 8 oz. on 
each margin. Thi s can be tested on a. sample of fi lm 
Cllt in two a long its axis; the film is introduced into 
the channel without letting it tOllch t he convey ing 
drulll , but mak ing S life that it is flr mly held by the 
shoe of the brake, and the film is a ttac hed to a sp ring 
balan ce. The pull shown by t he balance is noted at th e 
rnomcnt that the film beg ins to s lip . 

supply and take-up spools (warped flanges) ). 
After showing the film, it must be re-spooled 

so as to be ready for project ion again . 
910. Stroboscopic Illusions. It is of somewhat 

frequent occurrence that during the projec tion 
of scenes, including rotating objects in motion 
(carriage wheels, fl y-wheels, gears, etc.), these 
parts seem to be turning at a speed very different 
from their normal speed , or seem to be at rest, 
or even to be turning in the opposite direc tion. 

We must first of all note that this illusion 
manifes ts itself only in the case of perfec tly 
symmetrical wheels ; it disappears as soon as any 
given point can be followed (counterweight of a 
fly-wheel, spot on the rim or on one of the 
spokes) . 

If the picture has been taken at the frequency 
of 16 per second and one of the spokes has come 
(in this interval of 1/16th second) to take exact ly 
the place of one of the other spokes (that is, if 
its angular displacement is some multiple of the 
angle a between two consecutive spokes) , the 
successive images of the wheel will be identical 
among each other, and the wheel will seem 
motionless on th e screen. 

If the speed of rotation is very slightly higher, 
and if, for instance, the rotation is nu + e 
cluring the time interval between two frames, 
the image will seem to have turnecl only through 
the angle e in the normal direc tion. If, on the 
contrary , the speed is very s.lightly decreased, 
the angle of rota tion being na - e during the 
time interval between two frames, the image 
wi II seem to have gone backwards th rough the 
angle e. 



CHAPTER Ll 

PHOTO-MECHANI CAL PROCESSES IN BRIEF 

911. Generalities. The various processes which 
are used on a commercial scale at the present 
time for the photo-mechanical reprod uction of 
drawings in line or wash, paintings and photo
graphic originals may be classified into three 

• mam groups-
Typographic or letterpress processes among 

which are line photo-etching (i. e. photo-zinco) , 
for the reproduct ion of origina ls in black a nd 
white without other tones; a nd half-tone , for 
the reproduction of all fu ll-tone origi nals. 

In the plates thus obtained the printing ele
ments a re in one and the same plane projecting 
above the base. 

SUijace processes in which a re included 
collotype and photo-lithography. In collotype the 
printing plate is a layer of gelatine on a suitable 
flexible or rigid support; in photo-lithography , 
printing is no longer done from stone but from 
a sheet of aluminium or zinc. 

In t he printing plates thus obtained, the image 
is usually in the same plane as the background , 
or at a slight depth below this background. 

I ntaglio processes of which the sole survivor, 
at a ny rate on the commercial scale, is screen 
photogravure, in wh ich printing is done from 
fl at plates , or, in the rotary form of the process, 
from cylinders . In photogravure plates or cylin
ders the printing elements form minute cavities. 
Where the cavities are deepest the impression 
wi ll be darkest . 

Of these processes, the on ly ones applicable 
in the ordina ry course to the illustration of 
let terpress set up in type are photo-zinco and 
half-tone . All such relief print ing blocks may 
be reprod uced in any required numbers by 
electrotyping; line blocks and half-tones of 
very coarse screen, as used in daily newspapers, 
may be reproduced in any required numbers hy 
stereotyping1 

In the absence of special arrangements, blocks 
become the property of the customer of the 
photo-engraver a nd may be used for a la rge 
number of different publications. 

1 It i:; , however, to be noted that of late th e practice 
has been growing o f pri nting letterpress and reproduc
tion s of photographs at one operation by photo
l ithography or rotary photogravure, c.g. for large 
editions of catalogues, illustrated periodical s, etc. 

The collotype process, by which for many 
years almost all the view postcards printed on 
the Continent have been produced, is the most 
suitable for small editions of prints or inse t 
plates. For an edition of 500 copies, prices 
compare favourably with those by other pro
cesses, provided that a sufficient number of 
originals are dealt with a t one time to employ 
the machine at full capacity. 

Photo-lithography has the advantage of 
allowing printing t o be done on all kinds of 
paper, including those of common quality or 
pronounced t exture. It is the process to be 
preferred for the reproduction of line originals 
in a limited edition. Under favourable condi
tions it may be used for full-tone originals, but 
only when a fairly large edition is required . 

R otary photogravure needs t o be used for an 
edition of about 1 0 ,000 copies of an origi nal in 
order to compete in price, and it is equally 
necessary that the whole surface of the etched 
cylinder should be filled with the reproductions. 
Smaller ed itions are sometimes printed from Hat 
plates, but at a much greater expenditure of 
labour. 

As a general rule, line and half-tone blocks 
a re made by firms other than those th at use 
them (photo-engravers and letterpress printers 
respectively) . On the other hand, plates for 
collotype, gravure, and usually photo-li tho 
printing, a re used by the firm s who prepare 
them. It is the exception for these plates to be 
kept, and they never become the property of 
the customer. 

912. Line Etching. T he production of a line 
block (i. e. zinco) comprises numerous opera
tions, which are undertaken by workmen 
belonging t o at least th ree branches of the 
trade, viz.-

(a) Making of the negatives by the wet
coll odion process ; sensiti zing the metal (z inc, 
except for very special purposes) with bichrom
ated albumen; assembling the s tripped negatives 
on glass; exposure to light ; inking the wh ole 
exposed plate; washing out in cold water; 
drying. 

(b) Application to the image in greasy ink of 
resin powder of low melting-point ; uniting ink 
and varnish by moderate heat; varnishing the 
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back and edges of the metal pl ate, and also 
parts of the front surface not occupied by 
subj ects; if required, transfer of tints, in lin e 
or s tipple, on to certain par ts ; treatment of t he 
metal with a solut ion which causes it to repel 
greasy ink; rolling-up with highly fusible ink, 
followed by etching for a very short time in 
nitric acid. From this stage there is repeated 
the series of operations : rolling, dusting with 
resin, heating (d uring which the ink flows down 
the sloping sides of the unetched lines) , and 
etching until depth enough for printing is 
obtained in the etched parts . Fina lly the plate 
is cleaned. 

(c) Large areas to print white are cut away 
with a routing machine, the plate cut up as 
required by the various subj ects, and perforated 
for pinning to wood of thickness to bring the 
surface of the meta l level with th at of the t ype 
in which it will be placed for printing. 

9I3. It is out of the p rovince of this book to 
deal with the ma king of originals for line blocks, 
but some hints may be given on the marking of 
origi na ls to show the scale or the size of the 
reproduction and the use to be made of tints 
(stipple, hatching, or lines) over parts of the 
drawing. 

As regards the scale of the reproduction, it is 
usual to mark the origina l with th e exac t size 
it is to be in the block, drawing a line a longside 
either the horizontal or vertical dimension, 
thus-

-<f(- ------ -- 3 in. -------.-+, 

The points of the arrows are understood t o 
indicate the extreme edges of the original. In 
the case of a number of originals to be repro
duced on the same scale , it is usual to mark one 
only , e.g. No . I, with the size required and to 
at tach to the others the instruction" R educe 
wi th No. I , " or "As they come." The engraver 
will then include as many as he can on one 
negat ive and one printing plate, and so reduce 
the cos t to the customer. 

The parts of the original to be given a tint in 
th e bloc k are marked on the former by cross
hatching in blue pencil,! and a note is made on 
the origin al as to which pattern of ti nt, chosen 
from the ph oto-engraver' s album of specimens. 
is to be used . In the even t of the area for the 
tin t not being defined in the original, it is 
indicated in blue pencil. 

In like manner, any parts to be " scored " 
a re indicated, preferably by attaching a cut-out 

1 The blue penc il marks do not photograph. 

mask to the original and giving on it the instruc
ti on for t he kind of shading, e.g. cross-hatching 
or stipple. 

9I4. Half-tone. The making of a ha lf-tone 
block comprises numerous operations carried 
out by workmen in different branches of the 
trade. 

The first part of the process is photographing 
the origin al through a screen consisting of two 
glasses engra ved in lines and placed face to face , 
with the Jines cross ing to form a chequer pattern 
of from 50 to I SO lin es per inch. By suitable 
ad j ustment of the size and shape of the lens 
di aphragm and of the distance of the ruled 
screen from the sensi ti ve surface, there is an 
au tomatic rendering of the t ones of the original 
by image dots corresponding with the tra ns
parent apertures in the screen but larger or 
smal ler than these la tter, owing to a penumbra 
effec t, according as a particular pa rt of the 
resulting negative represents a light or a dark 
part of th e original. The lens di aphragm most 
generally employed is one with a square aper
ture, placed with the diagonals parallel with 
the lines of the screen. This rendering of the 
original resembles in some degree that made by 
a wood-engraver or black-and-white draughts
man, but the result difiers from work in these 
styles, since it conveys an illusion of tone, 
although the impression itself consists of only 
two tones, that of the ink (which is of the same 
thickn ess in all parts) and that of the bare 
paper. On examining a half-tone print with a 
magnifying lens its dot structure is pl ainly seen, 
and is indeed perceptible t o the naked eye in 
the case of the half-tone impressions in the daily 
newspapers. 

9I5 . The negative for printing a ha lf-tone 
block needs to be reversed as regards right and 
left, and is usually so made in the camera by 
the aid of a prism or mirror (§ 123) ; or the 
negative may be reversed by stripping the film, 
which is usually that of a wet-collodion plate, 
although dry plates a re also used . It is then 
pri nted on to metal, zinc being used for the 
coarser work, and copper for the fin est work. 
The metal is sensitized with bichroma ted fi sh
glue ; and , after prin t ing, the excess of bi
chromate is washed out, the plate dyed, and 
again washed, whereupon it is " burnt in," con
vert ing the glue into a species of hard enamel 
which resists the action of etching ba ths. 

Before or after burning-in, th e subj ect is 
marked out with a graving t ool, and , if required, 
a rule is put round it by aid of a drawing-pen 
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and varnish . The back of the metal is also 
varnished, and the pla te is then ready for 
etching. This latter is done in short stages with 
frequent inspection. Parts which the fine etcher 
judges to be sufficiently etched are stopped out 
with varnish, whilst other par ts are attacked 
or lightened by fur ther etching . The etched 
plate also often requires to be retouched with 
a tool for the removal of minor defects. 

Etching having been completed , the plate is 
cut off about 1 in . beyond the edges of the sub
ject, and this margin given a bevelled rebate 
to allow of nailing to the wood moun t. 

916. As regards ease of work ing and quali ty 
of the half-tone reproduction, photographic 
originals may be arranged in the following 
(decreasing) order of preference-

Black-tone prints o n glossy o r se mi-glossy develop
men t papers (white). 

Car bo n and Carbro prints o f black tone on white 
s mooth s upport. 

P .O . P. prin ts o f warm black to nc . 
\Varm-tone or sepia-toncd prints o n g lossy or sc mi 

glossy d e velopment papers (white). 
Pr ints o n s mooth matt w hite papers. 
Reel- toned prin ts, red carbon prints, and prin ts o n 

tinted papers . 
Ro ugh-surface and textured prints. 

A kind of original which should on no accoun t 
be sent t o the photo-engraver, if any other is 
available, is a positive t ransparency. The en
graver will usually make a copy negative from 
it, and from that a print, with the result that 
the half-tone block is almost always greatly 
inferior t o one made from a print from the 
or iginal negative. It must be borne in mind 
that there is a reduct ion of contrast and some 
loss of fine deta il in a half-tone reproduction. 
A satisfac tory result must not be expected 
except from a perfect origina l ; if the latter is 
poor, it is well to have it worked up by an 
experienced retoucher of originals for process 
reproduction. 

Fine etchers are not necessarily ar tists, and 
often attempt to improve the reprod uctions of 
originals which they consider poor in one way 
or another. H ence , when it is a ques t ion of 
reproducing a photogra ph in which the contras t 
or tones represents a definite art istic aim , it is 
well to insist that the reproduction shall be as 
nearly facsimile as possible. The schedule of 
charges fo r ordinary work, even on copper, 
scarcely a llows of the care necessary for the 
fines t results, and it is better to pay more for a 
superior grade of quality. 

Originals sen t t o the photo-engraver should 

be lightly marked on the back with soft pencil 
only . They should be carefully packed between 
stout cardboards or inserted in a cardboard 
tube for protection against creasing or damage 
in transit. 

917. In addition to the size of th e repro
duction, already referred to in § 928 , originals 
require to be marked with particulars of the 
screen and edging of picture which are desired. 
These part iculars should be marked on the 
margin of a mounted p rint or on a strip of white 
paper attached to the back of the origin al with 
a touch or two of gum . 

The following table shows the rulings of screen 
to be used for half-tone blocks suitable for 
various descriptions of printing. The screens 
commonly kept by most photo-engravers are 
indicated by heavier type-

L ines PCI' illch D escr iptio ll oj prill/ing 
50, 55 ,60 D aily newspapers printed on rotary machines 
85 , roo Newspapers, e tc. , printed on flat-bed 

machines. 
120 , 133 A verage w ork on medium -quality paper. 
I SO, 165 H igh -class printing o n art paper. 
175. 200 Supcrfllle printing o f the highest class. 

In case of doubt as t o the screen to be used 
it is well to confer with t he ma nager of the 
prin t ing works. 

The picture on a half-tone block may be made 
rectangular , circular, or any other shape ; it may 
also be vignetted to an irregular and shaded 
outline, or " routed to outline," i.e. the back
ground cut away round the subj ect. 

As regards a surround for the subject, this 
may be a thin black rule or line (which is fre
quently of assistance to the printer) close against 
the picture ; or th is rule may be at a slight 
separat ion produced by the cutting of an inter
mediate white band about ,;'T in . in width with 
a graving t ool. This lat ter fini sh is usually 
given unless " solid rule " is ordered. 

The part of the subject to be included may 
be shown by pencil lines on the face of the 
original, or by marks indicating the ends of the 
diagonals of a rectangular p icture or axes of an 
oval ; or, again, by a paper mask at tached to the 
back of the origina l so that it can be folded over 
on to the front. 

Also, as required , the original should be 
marked to indicate t he out line of a vignette or 
the line to which the bust in a portrai t is to 
be cut away. 

918. Collotype. In the collotype process the 
printing surface is usua lly prepared on a thick 
glass plate which has received first a substratum 

• 
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of sil icate and then a coat ing of bichromated 
gelatine. The plate is then baked in an oven, 
the coating becom ing gra ined or ret iculated. 
The various points of each grain thus acquire 
different degrees of sensitiveness, a ll owing of 
the tones of an original being rendered as a more 
or less continuous grain, as may readily be seen 
by examining a collotype print with a magnify
ing lens. 

Printing on the sensitive plate is done from a 
reversed film negative, usually prepared by 
sh 'ipping the film of the original negative from 
its glass, transferring it to a flexibl e support, and 
trimming and retouching. 

After exposure to light, the plate is washed 
out with water to remove excess of bichromate 
and soaked in dilu ted glycerine (the so-called 
etching bath), which keeps the parts not hardened 
by the action of light in a moist and swollen 
condition; the hardened parts remain dry, and 
thus retain the greasy ink, which is transferred 
to the paper in t he subsequent printing . 

A collotype plate made by a high ly-ski lled 
operator will allow of 1,000 impressions being 
printed; the printing of a larger edition requires 
severa l plates. 

919. Whenever possible, the col lotype printer 
should have the original negat ive of the subj ec t 
to work from, or, fai ling that, a positive trans
parency of first-rate quality , preferably made 
on a st ripping plate. Wi th each such plate is 
sent a print marked to show the part of the 
subj ect to be included; if the collotypes are to 
have a white margin this print should be 
mounted on pa per of the size of the reproduc
tion so as to show th e width, etc. , of the margins. 
The print should a lso bear the wording for the 
titles or other lettering, which, as a rule, is 
printed from type; and it is a lso advisable to 
se ttle at the same time the quality of paper and 
colour of ink to be used by the collotype printer. 

920. Photo-lithography. In this process of 
reprod uction, printing from an inked meta l l 

pla te is done either directly or indirectl y . In the 
former process the image on a zinc or aluminium 
plate is inked for printing direc tly on to lh e 
paper. In the indirect or offset process, now 
lI1creasingly used for large edi tions, th e ink is 
taken from the metal plate on to a cylinder 
provided with a rubber covering, from which it 
is in t urn transferred to the paper, the inked 
rubber surface adapting itself to the irregularities 
in the surface of the paper. 

The printing on the metal, in the case of a 
1 Stone is now no longer used to any ex te nt. 

36- ( r. 5630) 

line origina l, is done as for photo-zinco minus 
the etchi ng . The parts of the metal correspond
ing with the white ground of the origina l are 
treated with a preparat ion of gum arabic and 
an acid (e.g. ph osphoric, chromic, or flu osili cic), 
by which a porous film of insoluble sal t is formed 
on the surface of lhe metal, after which they 
a re moistened with clean water as a protection 
agai nst the greasy ink . 

The printing may also be done direc tly under 
a positive, such as a t racing, or type-matter 
proofed on tra nsparent film, the image being 
j'eversed, as regards black and whi te , after 
printing. 

With full-tone originals, a screen negati ve is 
first made as for a half-tone block (§ 929) but of 
greater contrast, since the contrasts a re not 
en hanced as they are in the etching of a metal 
plate . Thi s negat ive is then used in the same 
way as that from a line original. 

In offse t printing, th e impressions, as a rule, 
are not as vigorous as those from a typogra phic 
bl ock, the black being usua lly a dark grey ; by 
a very slight biting o f the metal in t he image 
of the blacks, more vigorous images a re obtained 
a nd a much larger number of cop ies can be 
printed from the same plate. 

The instruct ions to be give n as regards scale 
of reproduction, screen ruling, and amount of 
subject are the same as th ose specified above 
for photo-zinco (§ 928) and half-ton e (§ 932), and 
need to be supplemented only by those for the 
actual printing. 

921. Rotary Photogravure. The negative is 
retouched as may be necessary , and a positive 
tra nsparency of suitable contrast made from it , 
preferably on film or a st ripping plate. This is 
retouched and mounted with the fi lms of letter
press or other illustrations to be arranged on the 
same cylinder. From this composite positive, 
a negative is printed on special gravure carbon 
t issue. Before or after exposure under the 
positive, the carbon tissue is exposed under a 
special screen (an original or a dupl ica te) of 
cross-line pattern of fine transparent lines on 
an opaque ground . The screen is of a ruling of 
ISO to 175 lines per inch, the transparent lines 
being about one-quarter th e width of the opaque 
squares. After printing, the carbon negative is 
transferred to the copper-surface cylinder, viz. 
a cylinder of cas t iron coated with copper by 
elec tro-deposition or provided with a copper 
sleeve attached by hydraulic pressure. The 
negative pigment image is " developed" as in 
the carbon process, and, after drying, the 
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various parts of the subj ect-matter are marked 
off, blocking out with varnish parts, such as 
borders, interspaces, etc., which are to print 
white. 

The cylinder is e tched by spraying with solu
tions of iron perchloride of successively lower 
st rengths, which penetrate the gelatine res ist
image more or less quickly and attack the 
underly ing metal to a greater or less depth, 
according to the thinness or thickness of the 
gelatine, that is t o say, accordi ng to the depth 
of tone of the positi ve. The images of the trans
paren t lines of the screen offer an almost com
plete resistance t o the passage of the etching 
fluid, since they consist of gelatine more 
thoroughly hardened than any other parts of 
the image by reason of the two successive 
exposures. They thus form innumerable sep
arate tiny cells, varying in depth , but each 
having thin partition walls uniformly level with 
the original surface of the metal. 

On com plct ion of etching, the cylinder is 
cleaned to remove the resist and is passed on to 
the printing machine. 

The ink used for rotary gravure printing is 
quite different from that for other printing 
processes. In place of the s tiff mixture of 
pigment a nd a drying oil employed for these 
lat ter, there is used a highly fluid solution of 
various res ins a nd dyes in a volatile medium 
such as toluene or xylene. The depress ions in 
the cylinder are charged with this liqu id by 
means of a roller, half immersed in t he ink 
container. The excess of ink is removed from 
the cylin der by a s teel blade (called a doctor) 
which constantly bears against the cell walls, 
whi lst jets of warm compressed air effec t the 
dry ing of superfluous ink adhering to the metal 
in the margins. The paper passes round the 
cylinde r under s trong pressure, taking up the 
ink held in the ce lis, and t hen traverses steam
heated cylinders by which the solvents in the 
ink are evaporated. 

Th e fina l impression consists of different 
thicknesses of a coloured transparent ink. In 
consequence of the s ideway diffusion of the ink, 
the pat tern of whi te lines formed by the parti
tion wa lls of the cells is slightly darkened and 
thus the exceedingly fine structure of the image 
is st ill further improved in this respect. ' 

1 Formerly a photogravure process was L1 sed that 
give prints id entical in appearance wit h those printed 
fro m the aquatin t plates o f aquaforti st engrave rs : the 

922. The " copy" for gravure reproduction 
is preferably the original negat ive; failing this, 
a first-rate print on paper of quality for use as 
the original for a half-tone block (§ 931) should 
be sent. 

In addition to particulars of the size or scale 
of the reproduction and of the amount of subj ec t 
to be included, as when ordering process blocks, 
i t is well , when giving an order, t o mark also on 
the print details respecting the printing, viz. 
number of copies, colour and size of paper, 
colour of ink, etc. , data that may also be put 
on the proof which .finall y reaches the engraver 
marked " Press." 

923. Colour Prints. There are numerous pro
cesses by which prints in colours may be made 
of a subj ec t of which only an ordinary negative 
is a vaila ble ; t he colour scheme is decided by 
the colour printers in accordance with any 
written inst ructions or a coloured specimen 
photograph. 

Here we will consider briefly only those pro
cesses of reproduction, in three or four colours, 
from colour-sensation negatives. 

While it is possible t o make, by one or other 
of the processes which have been mentioned, a 
reproduction in t hree or four colours of a colour 
screen transparency, th is method of working 
should only be employed for moving subj ec ts 
or landscapes, of which the mak ing of selection 
negatives direct presents some difficulties. 

I n all other cases the method to be followed 
is that of three-colour separation, and it is 
often of advantage to make, in addi tion, a 
negat ive on t he same scale on a panchromat ic 
plate with a deep yellow filter for usc, if neces
sary, as a grey or neutral key printing p late. 
In every case it is well to supply the colour 
fi ne-e tchers with a good colour screen transpar
ency of the subject, in addit ion to the three
colour se t of negat ives, as a guide in their work 
of retouching. The t ransparency need not be 
the same size as the separation negatives. 

It is a lways of advantage, when placing orders 
of this kind, to get into touch, before the work 
is undertaken, with t he specialis t who will be 
directly responsible for the reproductions, and 
to carry out his requirements. 
carbon paper, exposed under the pos itive only (witho ut 
a screen), was transferred to a copper plate previously 
covered with a resi n " grain," consisting of a laye r o f 
an appropriate resin depos ited by lev igatio l1, and th en 
fixed by I110dera te heatin g. The inking was cl one by 
hand, an d th e printing in a hand press . 

• 
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CHAPTER LII 

GENERAL PRI NCIPLES OF RADIOGRAPHY 

924. X-ray Generators. X-rays (W. C. Rontgen, 
I 895) are comparable wi th rays of light , but 
have wavelengths shorter than those of the 
extreme ultra-violet, a nd are produced by a 
very different process. 

An X-ray generator, reduced to its simplest 
form, consists of a thin bulb of high-melting
point glass, fitted with two metal elec trodes 
and evacuated . When these two electrodes are 
connected to the two poles of a source of 
electricity (continuous or rect ified current) 
which have a considerable difference of potential 
(40,000 to IOO,OOO volts) , the cathode, i.e. the 
electrode connected to the negative pole, emits 
a stream of very small particles of electricity, 
electrons , at right angles to its surface ; these are 
projected at a very high velocity. 

The wall of the tube, or preferably the other 
electrode (the anti-cathode), which as a rule is 
inclined at an angle of 45° to the stream of 
cathode rays, is bombarded by this stream a nd 
becomes the source of the emission in all direc
tions of the X-rays. If the cathode is made in 
the form of a spherical cup whose centre of 
curvature is situated on the surface of the 
anti-cathode, the cathode rays, converging on to 
the centre of curvature, will form a focus of 
X-ray emission of very small size approaching 
a point; but the overheating of the anti-cathode 
is then enormous.1 

X-ray generators have been greatly improved 
by an invention of W . D. Coolidge (I 9I3) . In 
the Coolidge tube the vaeuum is such that even 
with a potential difference of 200,000 volts no 
discha rge occurs, nor are any electrons emitted. 2 

The cathodic bombardmen t cannot occur until 
the cathode is made incandescent; this is 
achieved by making the cathode in the form of 
a spherically coiled cap of tungsten wire through 
which an auxiliary heating current flows (8 to 
I2 volts, 0'5 to I'O amp.). The speed of the 
emission of the electrons depends entirely on 
the difference of potential between the cathode 
and anti-cathode, but their number, and in 
consequence the :ntensity of the cathode stream, 

1 The highly penetrative gamma rays emitted by 
radio-active bodi es a re also employed, especially for 
the radiography of thick pieces of metal. 

2 The residual pressure in a Cool idge tube is less 
than I / I o,Dooth mm. of m ercury. 

may be regulated at will by the temperature of 
the cathode, that is to say, by the in tensity of 
the heating current. There is thus avoidance of 
the irregularities, due to the variations in the 
pressure of the residual gas in the older type of 
t ubes, which were much less completely evacu
ated and are now known as gas tubes. 

A further advantage of the incandescent 
cathode type of tube accrues from the dissimi
larity of the two electrodes; the anti-cathode is 
constantly maintained at a temperature lower 
than that necessary for the emission of elect rons, 
and consequently the current is at once arrested 
if it becomes reversed. H ence these tubes will 
function, without valves or rectification devices, 
on a h igh-voltage source of alternating current, 
e.g. from a transformer. 

The anti-cathode of these generators consists 
of a plate of tungsten mounted at the end of a 
copper rod extending to the exterior of the tube 
in the form of a sleeve provided with blades which 
act as a radiator for cooling the a nti-cathode.' 

The Coolidge tube will work for a considerable 
time with perfect regularity ; the quality and 
the in tensity of the X-rays can be varied at will ; 
the limiting facto r is the possibility of melting 
t he anti-cathode and thus put t ing the tube out of 
action. In order t o avoid the risk of destroying so 
expensive a piece of apparatus, it is recommend
ed t hat the current should be switched off when
ever t he anti-cathode reaches a dull red heat. 

925. Properties of X-rays. X-rays produce 
no visual effect ; the greenish light emitted by 
gas tubes is ,a fluorescence of the glass caused 
by cathodic bombardment and is not connected 
with X-rays. X-rays can be observed and used 
by their action on a photographic emulsion 
(radiography), and by the fluorescence which 
they excite in many substances, e.g. barium 
platinocyanide (viewing screens) and calcium 
tungstate (intensifying screens for radiography), 

From the time of their discovery, a n out
standing feature of X-rays has been that they 

1 In certai n t ypes of X- ray tubes cooli ng is ensu red 
by water contained in the hollow support of the a nti
cathode and in a reservoir which is an extension o f it; 
in order that the water shall always be in contact with 
the anti-cathode the t ubes should always be inclined 
at an angle of about 2 ° to 3°, the cathode being lower 
than the anti-cathode. 
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pass freely through certa in substances which 
are opaque to light (black paper, so ft parts of 
the human body), but are stopped by certain 
transparent substances (for example, glass) . 
It has been found (L. Benois t, 1 901) that the 
opacity to X-rays increases with the atomic 
weight of the substance considered . 1 It is owing 
to this that most organic substances (notably 
those which constitute the tissues of an imals 
and vegetables) , which consist entirely of ele
ments of 101V 2 atomic weight, are very trans
parent to X-rays , as are the light metals, such 
as al uminium and magnesium and their alloys. 
On the other hand, bone, which contains ele
ments of high 3 atomic weight, and the heavy 
metals, such as lead and platinum, are opaque 
to X rays in thi cknesses which decrease as the 
atomi c weigh t increases. 

The general properties of X-rays (speed, 
method of propagation, geometric laws) are the 
same as those for light, but certai n of them, 
notably reflection, refraction, and in terfe rence, 
have ror a long time escaped inves tiga tion, as 
the minuteness of the wave-length requires very 
delicate experimental apparatus. 

Results analogous to those obtained in the 
spect rum analysis of light by diffraction gratings 
have been obtained with X-rays by using 
crystals which p lay the part of three-dimensional 
gratings, or by using, at the graz ing angle, 
gratings ruled on glass . It has thus been pos
sible to determine precisely the wave-lengths of 
the various radiations which are grouped 
together under the generic name of X-rays. 

An X-ray genera tor cannot produce X-rays 
of a wave-length (measured in Angst rom units) 
less than I 2,350/V, where V represents the 
difference of potential between the elec trodes; 4 

e.g. the shortest wave-length of X-rays which 
can be emi tted wi th a potential difference of 

1 The absorptio n o f X-rays is approxi mate ly pro
portio nal to the c ube of the , ,,a ve-leng th a nd to the 
atom ic n umber (the ato mic numbe rs o f the cl emen ts arc 
in the same order as the atom ic w e ights; they may be 
cons idered as ro ughl y proportio na l) . 

2 Carbon (C = 1 2) , Hydrogen (H = I ), Oxygen 
(0 = 16). and Nitroge n (N = 14). 

3 Phosphorus (P = 3 I ) and Calc ium (Ca = 40). 
-I [t sho uld be no ted that voltmeter indications co rrc

sp,)J1d to the mea n val ues , and no t to the ins tan taneous 
valu es of the difference of potentia l, the only ones t o be 
consid ered when the tu be is run o n alternating or 
rectifi ed current. In these two cases the rays havin g 
the shortest waveleng th are emitted at t he moment at 
which the difference o f potential reaches its max im um 
valu e (the peak v oltage) wh ich is higher by abo ut 40 
per ce nt than the mean value indicated, in this case, 
by the vol tmeter. 

123,500 volts is 0 ' 1 AU. At the same time a 
large proportion of rays of greater wave-lengths 
is produced; the dist ribution of the various rays 
throughout the complete range depending to a 
large extent on the material of which the anti
cathode is made. 

Rays of long wave-lengths are usually called 
soft rays, or rays of low penetration , and are 
emitted when the voltage is low; when the 
potential difference is great, rays of great pene
tration a re emitted ; these are of very short 
wave-length and are known as hard rays. 

When a beam of X-rays passes through a 
body, a small proportion of the total continues 
its rec tilinear course; a portion is diffused with
out appreciable altera tion in the composition 
of the rad ia tion, as is the case when light passes 
through a translucen t medium . A very small 
fraction of the total X-radiati on is absorbed, 
with the formation of a corresponding amount 
of X -rad ia tion of longer wave-length (secondary 
radiation ), in a manner comparable with the 
formation of visible light when ultra-violet light 
is absorbed by a fluorescent material. 

The penetration of the secondary rays is 
greater (and the wave-length is correspondingly 
shorter) as the atomic weight of the substance 
constitut ing the irradiated body (the secondary 
radiator) is higher. In addition to this mixed 
radiat ion, bodies exposed to the action of X-rays 
of medium penetrating power emit rays which 
are characteri stic of the elements present. These 
rays a re particularly troublesome in photo
graphy when they are emitted by such metals 
as iron, nickel, and copper, a nd the direc t 
irradiation of these metals by X-ray.; should 
always be avoided, The radiations character
istic of aluminium are not troublesome, since 
they have so weak a power of penetration that 
they can be absorbed by a single thickness of 
black paper. F or this reason aluminium is 
usually used as a filter to absorb secondary rays 
of low penetration, and as a material for the 
construct ion of the cassettes used for holding 
sensitive plates or films. 

926, Physiological Properties of X-rays, 
Everyone is famili ar wi th the numerous serious 
effec ts of X -rays on the earlier radiologists at 
a time when the dangers of frequent exposure to 
the rays were not suspected . 

X-rays provoke, notably, lesions of the skin 
(I'ad io-clermatitis), frequently developing into 
cancer ; slow alterations in the blood,l which 

1 At the R ad ium Institute at P aris the blood o f 
everyone engaged in hand ling X-rays or rad ium is 
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result in death through acute anaemia, and deep 
lesions (bones, geni tal glands, etc.) . 

The risk of accident obviouslv increases in -proportion to the progress made in the produc-
tion of appara tus capable of producing more 
penetra ting radiation, against which protective 
devices, considered safe for less powerful instal
la tions, are ineffect ive . 

927. Methods of Protection. The protective 
measures requi red in a radiographic labora tory 
are of three ty pes,-

Protection against the risk of elec t rocution 
by the exceedingly high tension current. 

E ffec tive ventilat ion. 
Protection against X-rays as such . 

We will summarize here the recommendations 
made in 1925 by the National Phys ical Labora
tory (London)-

The generating tube should be enclosed as 
completely as possible in a suitable protec ting 
material (cup), provided with only one aperture, 
and th is as small as possible. This container 
should be equivalent to at least 2 mm. (-h- in. ) 
of lead (1 '5 mm. if the installa tion does not 
exceed 70 kilovolts) . The diaphragm, which 
limits the field irradia ted, should be equivalent 
to 3 mm. of lead (2 mm. for less than 70 kilo
volts), and should be made to close completely l 

A scree n 43 in . wide, 7 ft. high, and reaching 
to within 1 in. of the floor, should be in front of 
the opera tor; it should be equivalent in thick
ness to a t least 2 mm. of lead. If the screen is 
fitted with a glass window (special lead glass) , 
its protec tive value should not be less than 
2 mm. of lead, nor should it be larger tha n 
22 X IS cm. (9 X 6 in.). 

If the voltage is greater than roo kilovolts, 
the protection should correspond with a t leas t 
3 mm. of lead ; the walls of the room, and, if 
necessary , the floor and the ceiling, should be 
provided with protec tion equivalent to at least 
3 mm. of lead. 

The thick metal rods terminated by spheres 
should, as far as possible, be replaced by wire 
conductors. Overhead conductors 2 should be 
at least II ft. from the floor. It is recommended 
that the nearest portions should be protected 
by insula ting tubes with thick walls. All metal 
portions of the apparatus should be earthed . 
exa mined mon t hl y (th e gamma rays e m itted by rad iu m 
arc X-rays o f very short wave-length). 

1 X -rays can be prod uced by the vacuu m valves 
used for recti fyi ng t he cu rrent for the generator. 

2 :'v[cnt io n sho uld be made of the au to mat ic c ut-outs 
which o perate in the event o f a conductor being acc i
d entall y touched . 

The control levers should be readily accessible 
and distinctly labelled. The switches and cut
outs should be double-pole, and the fuses should 
not be of excessive capacity. 

It is especially recommended that the X-ray 
labora tory should not be installed in a basement; 
the height of the ceiling should not be less than 
12! ft.; damp places should be avoided. Effec
tive ventilation should be provided to ensure 
elimination of ozone and nitrous vapours. 

Operators should not work fo r more than 7 
hours per day; there should be one day and 
two half-days free each week and a month's 
holiday each year, preferably in the form of 
two separate fortnights. 

To the above may be added the caut ion that 
if the photographers and the assistants attached 
t o the laboratory do not use the same means 
of protection as are used by medical radiologists 
(aprons and gloves impregnated with lead salts, 
and protective spectacles) , they should avoid 
ge t t ing within reach of direct or diffused 
radia tion. 

928. Radiographic Images. X-ray images 
may be compared with shadows projected by a 
source of light . As is well-known, shadows are 
sharper as the source of light approaches a 
point, in which case the shadow obta ined 
approximates to a perspective view obtained 
from the source of emission.' In the case of 
radiography , the source of emission is never a 
point (diameter about k in .), and, therefore, the 
g',nerato r should be removed to such a distance 
tha t the source, when viewed from the subj ect, 
approximates to a point." The general laws of 
perspective (§ 22- 29) are applicable to the 
formation of radiographic images. In particular, 
if it is desired to avoid a marked disproportion 
in the scale on which are reproduced planes 
which are at various distances from the plane 
of projection, the principa l distance should be 
greater as the obj ect to be radiographed is 
thicker, e.g. at leas t 3 ft. for the thick portions 
of the body of an adul t subj ect of medium size. 

929 . P hotographic Effects of X-rays. A sensi-

1 In the case o f emission by a fin ite so urce, deform a
tions may res ul t from the overlapping of the penum
b ras o f objects s itua t ed a t di fferent di stances from the 
film (G. Sagnac, 1896) . 

1 The d imensions o f the f OC ll S o f emission o f the 
ge nerator can be fo u nd by pinh ole photography § 38) . 
the pinhole being pierced in a plate of lead and ,t he fi lm 
protec ted by black paper; the same means may be used 
to detect the acc idental presence o f secondary foci of 
emission o n the cat hode, e.g . in the case of an a lter
na.ting current supply. 
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tive emulsion, when exposed to X-rays, absorbs 
only a very small fraction (less than I per cent) 
of the incident radiation; the latent image, 
instead of being concentrated in the upper 
surface of the emulsion, as it is in the case of 
exposure to light, is uniformly disseminated 
throughout the whole thickness of the emulsion. l 

Thus, several almost identical images may be 
obtained by superimposing a series of sensitive 
emulsion coatings, provided tha t the supports 
are of slight absorption (film or paper). 

The characteristic curve of an emulsion 
exposed to X -rays differs from the curve ob
tained by exposing the same emulsion to ordi
nary light (§ 202) . The foot of the curve is ve ry 
long, and the straight-line portion occurs only 
in the region of very high density. 

Curious antagonistic actions between the 
photographic behaviour of X -rays and light 
have been observed . In certain circumstances 
the latter can destroy the latent image produced 
by X-rays, and it has thus been possible to 
produce passable direct positives by taking a 
photograph on a plate which had previously 
been fogged by X -rays. 

930. Sensitive Material for Radiography. In 
order to obtain the greatest possib le effect from 
the X-rays it was the custom at first to usc 
plates very thickly coated with emulsion con
taining a very high percentage of silver bromide. 
The development of these thick films was usually 
incomplete, and fixation was difficult. As a 
result, at the present time, celluloid fi lms coated 
on both sides wi th a layer of emulsion of normal 
thickness are preferred , and penetration of the 
various baths is much better. The use of these 
fIlms has become a lmost genera l since the intro
duction of intensify ing screens (§ 952) .2 

Various a ttempts have been made to incor
porate, either in the support, in the emulsion, 
or in an add itional film covering t he emul
sion, salts of heavy metals or substances which 
become fluorescent under the action of X -rays 
in order to increase the effect; but it has been 
found more economical and just as convenient 

1 Note t hat the impregnatio n of a sensitive emul sion 
with a desensiti zer does no t decrease its sensitivity to 
X -rays. 

It should also be noted that , in the case o f X -rays , 
the photographi c effect is proport ional to the product 
of intens ity and time; this proportionality be ing 
genera ll y. held not to a pply in the case of ord inary light. 

2 For dental radiography, X -ray film s arc manu
fac tured measuri ng about It X I! in . These arc 
wrapped in a watertight packet, which can be placed 
in the patient's mo uth . 

to use these substances outside the emulsion 
in the form of intensifying screens which are 
placed in contact with the emulsion and which 
can be used indefinitely. 

As a rule, the X -ray negative is examined 
directly without positives being printed, and 
various attempts have been made to render the 
film more easy of examination by coating it 
on a translucent support, or by adding starch 
or other inert subs lances to the emulsion to 
obtain a matt surface. 

931. Method of Working. When X-rays are 
used dirt ctly to record the image, the plate or 
film is placed in a black paper envelope, or in a 
holder 1 of cardboard, ebonite, wood, or alumin
ium. Rays of low penetrative power are usually 
used, the average wave-length being about 
l'5 AU.; for this, a difference of potential of 
from 40 to 60 kilovolts or a spark gap (between 
metallic poin ts) of from 2i in. to 4t in . is re
quired. The less penetrat ing 2 are the rays , the 
more contrasty will be the image. But, owing 
to the very small effect of X -rays, which are 
only slightly absorbed by photographic emul
sions, t he time of exposure is necessarily very 
long. In these circumstances there is no advan
tage in employing intensifying screens, wh ich 
'lre completely ineffective. 

When the mean wave-lengt h used is less than 
I AU., or, better sti ll, if it is less than 0'5 AU., 
the direc t ac tion of X -rays on a photographic 
emulsion becomes almost negligible, at leas t in 
a time of exposure which is possi ble in pract ice. 
Calcium tungstate, however, emi ts an intense 
act inic light when exposed to sllch rays, a nd it 
is therefore a great advantage to expose the 
plate in contact with an intensifying screen 
coated with a uniform layer of this fluorescent 
salt; or, better s ti ll, a film coated on both sides 
is sandwiched between two in tensifying screens 
of calcium tungstate having coati ngs sufficiently 
thin to avoid complete absorpt ion of the X-rays 
by the first screen on to which the pencil of rays 
is incident. It is usually impossible to avoid a 
certain amount of graininess in the image; this 
is caused by the discontinuity of the intensifying 
materia l. The use of two screens eliminates 
this granularity to some extent. Finally, the 
time of exposure is much reduced, and the 
influence of secondary rad iation becomes less, 

1 Generally descri bed as a cassette (literal translation 
of the German word into English and French). 

2 For the s tudy of very thin o bjec ts (leaves, flowers, 
insects) ultra-so ft rays (corresponding with a spark gap 
of I in .) have been used (P . Goby, I9 I3). 
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so that images which are both purer a nd more 
cont rastv a re obtained. , 

To obtain good results with in tensifying 
screens, the genera tor should be supplied with 
a current of from 80 to 100 kilovolts (length of 
spark gap should be at least 6 in .). The best 
effec t of an intensifying screen is obtained when 
the maximum energy of the radia ti on used 
corresponds with a wave-length o[ 0'179 AU. 
(the absorption band of tungsten ' ), and this 
occurs when the difference of potent ial across 
the termina ls of the generator is 90 kilovolts 
(equivalent to a spark gap of nearly 7 in .). 

It is easy to see that in these circumstances 
a very short exposure, which gives a perfect 
result with a film used between in tensifying 
screens, would give a lmost no trace of image at 
all by direc t ac tion on the emulsion. Images , 
therefore, which a re obtained in this ma nner, 
should not really be called radiographic images , 
but photographs obtained by the action of 
fl uorescence. 

932. Intensifying Screens. Inte nsify ing 
screens, the use of which has been described in 
the preceding paragraph, are genera lly prepared 
in two varie ties; one with a matt unprotected 
film, a nd the other with a g lossy film obtained 
by a washable coating of varnish. 

Whi le matt screens, the fluorescent ma terial 
of which is in effec tive contac t with t he emul sion, 
sometimes g ive images which a re sharper than 
those g iven by the washable screens, in which the 
fluorescent salt is separated from the emulsion 
by the thickness of the varnish, they have the 
drawbacks of being exceedingly fragile a nd 
causing stains, due to contact with fingers and 
to splashes from solutions in a badly-organ ized 
photographic dark-room. 2 The washable screens, 
on the other ha nd, can be washed wi th soap and 
wate r as frequently as is necessary, a nd can 
thus be kept in a condition of perfect clea nli ness. 

If t he two intensifying screens are not iden
tica l, t he one with the thinnes t coating of 
fluorescent salt should be placed on the side of 
the fIlm nearest to the generator. 

I T his radiation does no t begin to appear until a 
diffe rence o f potenti a l of at leas t 70 k ilo volts (spark 
Rap o f abo ut st in .) is reached. It is not until th is limit 
is rcac hed that an intensifying screen has any effect; 
the n t he res ult, at fi rst negligible, becomes mo re and 
morc co nsiderable , in proportion to the increase in 
poten tial, un til it becomes p repond eran t . 

:2 Matt scree ns which have b een stained by splashes 
o f developer can sometimes be cleaned by swabbin g 
them gen tl y with hyd rogen pe roxide; the sc reen should 
then be left for so me ti me in th e s un, a. fter d ry ing, to 
complete the evaporation o f the hydrogen peroxid e. 

When filling t he plate holder, care should be 
taken to avoid specks of dust between the 
intensifying screen and the film ; these would 
show as shadows on the film . 

It has been poin ted out that certa in in tensi
fy ing screens acquire after a time a lasting 
phosphorescence ; in this case, some time should 
be allowed between two successive uses, to 
avoid the formati on of an image of the previous 
exposure on an unexposed film . 

933. Elimination of Diffused and Secondary 
Radiation. It is necessary , in the first place, to 
reduce to a minimum the production of diffused 
a nd secondary radia tions, and, secondly, to 
absorb as completely as possible any rays, the 
occurrence of which has not been prevented, 
before they reach the film. 

In the absence of any precautions, diffused 
radiation may h ave from four to ten times as 
much effect in the radiography of thick parts of 
the human body as the d irec t rad ia tion (R. B. 
Wilsey, 1921 ). This explains how it is that a 
radiographic image may be defi cient in detail 
and contrast , in consequence of the general fog 
from these rays. 

The production of difiused rays in the body 
which is being radiographed is limited not only 
by lhe diaphragm , wh ich is generally placed 
near t he generator, but also by a localizer of 
lead, which is placed close to the subj ect a nd 
which allows the X-rays to have access only to 
the pa rts of the body which it is intended to 

• examll1e. 
The rays di ffused by the irradiated portion 

of the subject can be absorbed by a n anti
diffusing grid of the Potter-Bucky type, which 
consists of a seri es of thin shallow s trips of lead 
held in position by s trips of a material trans
pa rent to X-rays (e.g. strips of wood). When 
the grid is in the working position , a ll the 
lam ellae are oriented towards the source of 
the X-rays ; during exposure, the complete 
diaphragm is moved in a cylindr ical path 
concentric with the source of t he rays. D irec t 
rays can thus pass between t he lamell ae , which, 
owing to their movemen t, a re not themselves 
registered 1 on the film, while the diffused 
radiation, with the exception of that portion of 
it which is propagated in the same direc tion as 
the direc t , is arrested. 

A well-made anti-diffusing grid (very thin, 
flat , a nd perfec tly convergent lead strips) which 

l Owing to strobosco pic phenome na the s trips may 
appear on the image if a lternating cu rrent is used; in 
this even t th e speed of the grid sh ould be reduced. 
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is properly centred approximately doubles the 
time of exposure; bad centring resul ts in a much 
longer time of exposure, as the shadows of the 
strips become much wider, particula rly at the 
edges of the field. 

In the radiography of pieces of metal (radio
metallography) , and particularly of thick 1 pieces, 
thick masks of lead, adjusted exactly to the 
shape of the metal to be examined , are used as 
well as the localizing screens when a series of 
identical pieces of regular proft le have to be 
examined . Irregula rly-shaped pieces are placed 
in pure beeswax, which exactly takes their shape, 
and wh ich is then cut to the shape of the cone 
bounded by the extreme rays arising from the 
source and by the outline of the object ; the 
whole is then placed in a cardboard or aluminium 
box, which is filled with lead 2 shot. 

934. Conditions for Sharpness of Image. To 
obtain a sharp image in the case of true radio
graphv, and in the case of radi ograph y with 
in tensifying screens, it is necessary that the 
source of the X -rays should be as small as 
possible, that the tube should be far enough 
away from the subj ect, and tha t the subj ect 
should be as close to the ftlm as the thickness of 
the shutter of the cassette on the one hand, and 
the thickness of the anti-diffusion grid on the 
other, permit.3 

In the particular case of work ing with in
tensifying screens, it is essentia l that t he screens 
should be in perfect contact with the emulsion 
ftlm over their whole surface; the base of the 
cassette and its shutter should be perfec tly flat, 
and the method of closing the cassette should 
ensure that the film and the screen are forced 
into contact. 

Under good conditions, a piece of the wire 
gauze of a No. 40 sieve (40 wires to the inch), 
placed parallel to, and 4f in. from, the film , 

1 For radio-metallography o f thic k pieces of metal, 
special generators working at 200 to 250 kilovolts arc 
generally used. 

:: T o av oid considerable differe nces in the den s ity 
in rad iograph s of pieces of com pli cated form , which 
prese nt very d ifferen t thicknesses in various p laces, 
it has been suggested (H. Pilon and A. Laborde, T926) 
that t he p ieces should be immersed in a liquid the 
absorption of which is sligh tly less than the metal to 
be exam ined , c.g. a 35 per cen t solut ion o f barium 
chloride for a lu miniu m , a nd a 150 per cent sol ution of 
barium iodide for pieces o f iron or copper. 

3 In the rad iog raphy of bodi es having certai n move
ments (heart , lungs in medical radiography) the expo
sure must be as short as possible; it is then necessa ry 
to use very h igh intensi ties, which genera ll y leads to 
an increase of t he dimensions of the focal spot o n th e 
anti-cathode . 

with the ant i-cathode 31 in. from the film, 
should give a radiograph in which the mesh 
should be distinctly visible. Local faul ts of 
sharpness indicate bad con tact between the 
screen and the sensitive film; a general lack of 
sha rpness implies a source of rays which is too 
large or the existence of secondary sources. 

935. Identification of Negatives. X -ray nega
tives are generally identifted by placing movable 
lead characters on the casset te during the 
exposure ; these characters may be made by 
sticking a piece of fuse wire between two thin 
cards or between a piece of plaste r and a piece 
of celluloid, or by spreading lead d ust on to an 
inscription made on thin card by an adhesive 
mixture such as ink containing gum, or, fina lly, 
by pressing lead powder into a film of wax 
coated on to a card. It is a lso possible to impress 
a sheet of lead with all required particulars, 
e.g. series number, da te, etc., by using a cheque
perforating machine. 

By taking care that the in scription s are 
always placed in the same position relative to the 
subj ect, they may be used to show the correct 
placing of the negative when it is examined. 

936. Time of Exposure. Th e optimum time 
of exposure depends in radiography , as in ordi
nary photography , on many factors, and it is 
necessary to understand the influence of these 
factors. 

Other things being equal, the optimum time of 
exposure is proportional to the square of the 
distance of the ant i-cathode from the sensitive 
film ; for example, in moving from 60 to 80 cm., 
the time of exposure would be increased in the 
proportion 36 to 64, i.e. I to 1·8. 

The optimum time of exposure is inversely 
proportiona l to the intensity of the current 
which flows through the generator. When 
changing, for example, from an intensity of 
10 milli-amperes to one of IS , the time of ex
posure would be reduced in the proportion of 
1·5 to r ·o. 

In the absence of an intensi fying screen, the 
time of exposure is almost inversely proportional 
to the square of the difference of potentia l. 
F or example, in passing from 55 to 70 kilovolts, 
the time of exposure would be reduced in the 
ratio of approximately 5 to 3. In the case of 
using in tensify ing screens no rule can be formu
lated, since it is known that the cffec ti veness of 
screens varies considerably with th e quality of 
the radiat ion emitted , and consequently with 
the voltage and form of the current and also with 
the method of preparation of the screen used. 
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The time of exposure varies almost propor
tionately with the square of the thickness of the 
subj ect , it being understood that the comparison 
is made between bodies of the same nature. 

The time of exposure va ries with the sensi
tivity of the emulsion used, but it should be 
remembered that th ere is generally no pro
portionality between the sensitivities of two emul
sions towards X-rays (radiography, strictly speak
ing) and towards fluorescent light (radiography 
with intensifying screens) ; finally , it varies 
slightly with conditions of development (§ 937) . 

In every case sys tematic tests should be made 
to determine the optimum time of exposure, 
which depends in large measure on the equip
ment used (source of elec tricity and the X -ray 
generator); in these tests no other factor than 
the time of exposure should be allowed to vary. 
Once the optimum exposure for determined 
condi tions has been found , the time for other 
experimental conditions can be calculated by 
application of the rules given above. 

Numerous calculators of exposure for radio
graphy give an approximate figure for the time 
of exposure under certain definite conditions by 
means of graduated sliding scales, some of which 
are worked out from theoretical considerations 
and others from experimental determina tions. 

For timing the very short exposures often 
rendered necessary when using powerful ap
paratus, seconds-counters a re frequently used. 
These are graduated in seconds or in milli
ampere-seconds (product of the intensity and 
the time), thus providing automatically for 
accidental change in the intensity 1 

937. Photographic Operations. The purely pho
tographic side of radiographic manipulations is 
often neglected, with the risk that a large part 
of the advantages accruing from a good installa
tion and from highly-sensitive film s may be lost. 

The dark-room should con tain a cu pboard , lin ed 
inside wi th kin. lead, to hold charged cassettes 
a nd sensiti ve material in use . A simila r cup
board should be provided , preferably outside the 
dark-room, for stocks of plates, films, and papers. 

Every precaution should be taken to avoid 
bruising or bending, however lightly, radio
graphic films, the emulsion of which is very 
susceptible to abrasion (§ 199) . 

1 These instruments should be tested . This testing is 
particularly easy in the case of alternati ng or rectifi ed 
current supply. A film wrapped in black paper is 
passed rapidly beh in d a lead screen fitted with a fine 
slit; the number of images of the slit corresponds with 
the known number of current impul ses (equa l to the 
fr equency) . 

Desensitizing is of particular advantage in 
radiography in that, as it decreases the risk of 
fog, it allows development to be prolonged until 
the desired degree of contrast has been obtained. 

Development is best done in vertical tanks, 
using developing frames (§ 262) ; as rad iographic 
negatives a lways have heavy fog, caused by the 
diffused rays, and which is very intense if an 
anti-diffusing grid is not used, the contrast 
reaches a maximum and then falls off very 
rapidly if development is forced. An endeavour 
should be made to develop to maxi mum con
trast and thus to assure the best visibility of 
details in regions where the permeability to 
radiation is small. Now the range of develop
ment times giving the desired result is much 
wider wi th a bromided developer than with a 
non-bromided or insufficiently bromided devel
oper. Owing t o the regression of inertia (§ 337), 
and to the passage of the contrast through a 
maximum, it is possible to obtain within this 
range a sat isfactory balance between the time 
of exposure and the time of development 
analogous to that a lready noted in the case of 
gelatino-bromide papers (§ 557). By forcing 
development to this relative degree, a reduction 
in the exposure of nearly one-half may be made 
(R. B. Wilsey, 1925) . 

In a developer such as,-

,[ctol (E lon. Vitera l. etc.) 

Sodi um sulphite, anhydrous 

I-I ycl roq II i no ne • • 

· 22 gr. (2 '5 grm .) 

• 2 oz. ( 100 g rm .) 

· go gr . (10 grm .) 

Sodium carbonate, anhydrous . I oz. (50 gnn.) 

Potassium brom id e • 18 gr. (2 grm .) 

Water, to make • • 20 oz. (1000 c.c.) 

it is best to adjust the duration of development 
to twelve times the time taken for the appear
a nce of the image (§ 344). As, moreover, the 
supervision of the development of each exposure 
separately removes all the advantages of the 
use of vertical baths, it is best to determine 
the normal time of development every now and 
t hen (to allow for the progress ive exhaustion of 
the bath " nd its variations in temperature), and 
to develop the negatives automatically for the 
time thus ascertained. 

This dete rminat ion of the normal time of 
development can be made very simply and 
quickly as follows (R. W. Wilsey, 1925): Fog 
half the width of a strip of film by covering the 
other half with a thick strip of lead and exposing 
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the whole to X -rays without an in tensifying 
screen (I5 mill i-ampere seconds at 60 kilovolts 
at 28 in. from the an ti -cathode), and cut the 
fi lm tra nsversely into several pieces so that each 
piece has a fogged and an unfogged portion; 
these pieces are kept for use as needed. The 
tota l opt imum time of development, equal to 
I2 times the time taken for the appearance of 
fog on the half of the sample, is determined by 
developing the test film, without previous 
desensiti zing, in a small dish in to which has 
been placed the necessary quantity of developer 
from the tank. As this test takes scarcely more 
than a minute, it can be repeated so that the 
mean of the two results can be used to g ive 
greater exactness. The time thus found is 
multiplied by I 2. 

The same procedure is followed for other 
developers a fter having found experimentally 
the optim um value of the \"'atkins " fac tor. " 

All other operations are carried out in accord
ance with the general recommenda tions a lready 
given for photographic negatives. 

Th e negative in th is case being usua lly the 
fina l image a nd not an intermediate one as in 
ph otography, its essentia l quality is legibility in 
t he normal conditions of examination. This 
ru les out densities appreciably higher than 2, 

unless the lamps used for examination a re 
in creased in intensity . Now, in Films coated on 
bot h sides with a layer of emulsion, normally 
exposed a nd developed to maximum contrast, 
the straight portion of the density curve only 
begins at density 2 . The negat ive th at the 
rad iologist considers as correc tly exposed is, 
therefore , usually an under-exposed negative, 
in whi ch t he cont rast is much less than it could 
be if a ll the densities were included in th e 
straigh t portion of the charac teri st ic curve. In 
th e case of subjects of weak contrast, it wou ld be 
ach"antageolls to expose more full y , subject to 
apply ing superfi cial reduction, to bring back the 
nega li,·e to a condit ion in which it is legible 
( ~1. Abribat and J. Thoumas, I928). 

938. Examination of Negatives. X-ray nega
t i ves are examined by placing them on the 
di ff using front of a strongly-illuminated light
box called a negatoscope. Most of these inst ru
ments ar e arranged to receive the negat ive 
directly It IS t aken from the washing wa ter, the 

n egative being gripped by clips a long its upper 
edge .. Care should be taken to a rra nge the 
negat ive the right way round; it should not be 
left for long, owing to the risk of melting the 
gela tine by the prolonged heating. 

939. Printing of Positives. Although radio
logists generally examine t he negative image, 
many cases occur (e.g. communication to a third 
party or illust ra tions of papers or for confer
ences) in which positives must be prepared 
either on paper by contact, or on lantern plates, 
by reduction. 

The difference, wh ich is genera lly consider
able, between the extreme densities of a radio
graphic negative makes it very d iffic ult, if not 
impossible, to obtain a posit ive copy with good 
values through t he whole range of the gradation . 
All personal interventions of the operator, such 
as masking, t ricks of printing, and so on, run 
a great risk of misrepresenting or falsifying the 
radiograph, which should form an authentic 
document. F or tunately, the importance of a 
radiograph frequently resides in a small range 
of densities. In a medical radiograph, for 
example, it is rare that the detailed structure 
of bones and lesions of the so ft tissues are 
both of them of interes t. In such a case the 
print ing can be arranged to give the best 
rendering of the important part. In exceptional 
circumst ances two separat e prints may be made, 
one to show the dense parts to the bes t advan
tage and the other to show t he lighter details. 

940. Various Applications. In addition to the 
applications a lready mentioned in medicine and 
for disclosing defects in metal goods, radio
graphy h as applications in ma ny industries for 
the control of man ufactured products or for 
study ing processes of manufacture. X -rays have 
been used with success for the examinat ion of 
old paintings (A. Cheron, 192 I ) , for d istinguish
ing between natura l and cultivated pearls, etc. 
Finally , brief men tion should be made of the 
applications to radiography of stereoscopic 
methods,l facilita ting the in terpretation of 
results, and a iding appreciably in the localization 
of foreign bodies; a lso of a ttempts which have 
been made t o obtain motion-picture records 
by means of X -rays. 

1 The generally accepted value o f the base 13 (the 
dis tance betwee n the two success ive pos iti ons o f the 
anti-cathode, when d isplaced in a direction parallel to 
the pla ne of the sens itive film ) is given by the fo rm ula-

E = D (0 - E) 
50 1.:.. 

wh ere D represents the distance of th e anti-cathode 
from the sensitive film, and E the th ickness o f the 
s ubject to be radi ograph eclmcasu rcd fr om the sensiti ve 
fi lm (T. Marie an d H . Hiba ut, 1897). 

Thi s formula is , moreo ver, id entical with that of 
Cazes for stereoscopic photography (horizontal views, 
§ 845 ) if it be granted that D - E = D ' . 

• 

• 
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APPENDIX 
A CHRO NOLO GY OF PHOTO GRAPHY 

(Processes and Applications) 

1802. Tom W edgwood. Printed silhouettes by 
contact on leather sensitized with silver 
nitrate, but without fixation of the 
• Images. 

1819. J ohn F. W. H ersehel. Discovery of hypo
sulphites and of their property of 
dissolving silver ch loride. 

1822- N icdphore Niepee. Engraving of the 
25. first photogravure pla tes (printing of 

engravings on tin sensiti zed wi th bitu
men, etching of th e plates, and printing 
in intaglio) ; attempts at d irec t photo
graphy; bellows for cameras ; iris 
d iaphragm. 

1832. Charles Wheatstom. First experiments in 
stereoscopy (geometrical designs). 

1833. Cit. Chevalier. Simple achromatic objec
ti ve. 

1835- L. J. M. Daguerre. Daguerreotype 
37. (d irec t photography on a plate vf 

silver superficia lly converted into silver 
iodide; development of the latent 
image by mercury vapour). 

1835. F ox Talbot. Photogenic drawings, printed 
by contact on paper sensitized with 
silver chloride; fixation with potass. 
iod ide or by prolonged washing in salt 
water. P ositive prints of the negatives 
thus obtained . 

1839 . J. B. Reade. Photo-micrographs with a 
sola r microscope on paper sensi tized 
wi th silver nit rate and gallic acid 
(printing-out) and fixed with hyposul
phite. 

1839. H . Bayard. Direct positive images on 
paper (sil ver chloride paper blackened 
by light, then impregnated with potass . 
iodide before exposure in the camera). 

1839. L. J. M. Daguerre. Publication by the 
French Government of working deta ils 
of Daguerreotype. 

1839. Mungo P onton. Sensit ivity to light of 
paper im pregnated with potassium 
dichromate . 

1839- J ohn F. W . H ersehel. First use of the 
40. word" photography"; in tensification 

with mercury bichloride. 
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r839- A. Donne and H. L. Fizeau. Conver-
4I. sion of Daguerreotype plates into in

taglio printing plates. 
r840. J. W. Draper. First astronomical photo

graphs (on Daguerreotype plates) . 
r 840 . J. P etzval . Portrait lens (first use of calcu

lation in working out a type of 
obj ective). 

1840. J. W. Goddard. Increase in the sensi
ti vity of Daguerreotype pla tes by 
partial substitution of bromine for 
iodine. 

1840. H . L. Fizea1~ . Gold toning of Daguerreo
type images. 

I84I. F ox Talbot. Calotype process for obtain
ing negat ives on paper (s il ver iod ide 
paper impregnated with silver nitrate 
and gallic acid; development with 
gallic acid and silver nitrate) . 

r 842 . J ohn F. W. H erschel. F erro-prussiate 
paper and various processes with iron 
salts. 

1844. M artens . Panora mic camera, recording 
the whole horizon on a Daguerreotype 
plate . 

1844. David Brewster. Stereoscope with con-
• • 

ve rg ll1g eyepIeces. 
1847. Niepce de Saint-Victor. Negatives on glass 

by an albumen process. 
r 847. S . D. H 1tmphrey . E stablishment, in New 

York, of the first photographic journal, 
T he Daguerreotype. 

1847- JIll athieu and L e Gray, Humbert de JII[ olard. 
5I. Gold toning of positive prints on 

paper. 
1848 . Edm. B ecquel'el . A ttempts a t colour 

photography of the solar spectrum on 
a plate of silve r superficia lly ch lori ded 
(the images could not be fixed). 

r 849. G. L e Gray. First attempts to use co llo
dion as veh icle for negative images on 
glass. 

1850. A bbe M oigno. Stereoscopic photography. 
r 850 . Blanquart-E vrard. Albumen paper for 

positive printing; development of 
partly printed images on print-out 
paper. 
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I 85!. J. Duboscq; Langenheim. P ositive trans
parencies on glass for proj ec tion. 

I85!. F. Scott Archer. Wet-collod ion process in 
the form in which it is still used. 

185!. V. R egnault. Use of pyrogallol (in acid 
solution) for development. 

185 I. A. Claudet ; J. Duboscq. lVIoving photo
graphs by the appli ca tion to photo
graphy (ordinary or stereoscopic) of 
the Plateau phenakisticope, the firs t 
precursor of cinematography. 

1852. Ad. M al'tin. P ositive pictures by wet 
collodion on a black support (ferro
type) . 

1852 . A. Laussedat. Applica tion of photography 
to the making of maps. 

1852. F ox Talbot. Insolubiliza tion of bichro
mated gela tine under the influence of 
light . First attempts a t screen helio
g ra vure (by means of tu lle) . 

1852. L emercier, L erebours, Barreswill, ano 
Davanne. H alf-tone photolithography 
with bitumen on gra ined stone. 

1853. Niep ce de S aint-Victor. Photogravure 
with bitumen on steel. 

1853. M. Gaudin. Use of potassium cyanide for 
fixing silver-iodide co llodion negatives; 
usc of gelatine as vehicle of sensitive 
sal ts . 

1853· J. B. Dancer. First two-lens stereoscopic 
camera. 

1854 . P. Prelsch . Photo-galvanography ; print
ing plates (intaglio or typographic) 
by gal vanoplastic moulding of ge latine 
reliefs. 

1854. M. L espiault. Roll holder for negati ves 
(sens iti ve papers fixed to a band of 
cloth ) . 

185-1. A. de Bribisson. Salted paper (with starch) 
for positi ve printing. 

1855. A . Davanne. F olding conical bellows 
appli ed to tourist cameras. 

1855· J. M. Taupenot. Negatives on albumcn
ized coll od ion (the plate could be 
prepared ill ad vance and needed only 
a fin a l sensitizing at the time of 
use) . 

1855. R elandin. Roller-blind shutter used on 
the lens. 

1855. L. P oitevin. Photolithography on a 
stone sensitized with bichromated gela
tine, aibulllen, or gum; first a ttempts at 
obtai ning " carbon " printing. 

1855. Lafon de Camarsac . Photographs v itrified 
on enamel or on porcelain. 

1856 . .J. Hill N orris. Negatives on dry collodion 
(preserved with gum). 

1856. G. F . T ournachon, called Nadar . Aerial 
photography from a free balloon. 

1857. E. I . A sser. Photolithography by trans
fer of an inked proo f on starch-sized 
paper sensitized with bichromate. 

1858 . ]. P ouncy. Gum-bichromate printing. 
1859. W oodwal'd. Solar en la rging camera. 
1859. B unsen and R oscoe. Use of the light pro-

duced by combustion of magnesium. 
1860 . F argier. Pigment prints with bichro

mated gelatine (the" carbon" proces;,) 
obtained on a transparent support 
exposed through the back. 

1861. C. Russell . Negatives on collodion pre
served with tannin (d ry collodion). 

186!. J. Clerk Maxwell. Three-colour system of 
colour photography originated. 

186!. M. A . A. Gattdin. Collodion emulsion for 
negative plates. 

1861. J. M .. Erler and G. Pizzighelli. Silve r 
chlori de positive emul sion with chemi
cal development. 

1862. C. R ttsseU. Alkaline developers (pyro
gallol and ammonia). Reversal of the 
developed image by solution of the 
reduced silver and re-development of 
the res idua l silver halide. 

1864. Sir J oseph W. S wan. Double transfer car
bon process ; improvements in photo
gravure. 

1864. W. B. W oodbury. Multiplica t ion of car
bon prints by m oulding (Woodbury
t ype or Photoglypty). 

1864. L. Ducos dn H auron. Patent for a camera 
(for taking and projec ting) for motion 
photography (apparatus not made). 

1865. C. M. T essie dU M otay and C. R. M arechal. 
Collotype, print ing with greasy inks 
from bichromated gelatine plates. 

1865. F. Wille·me. Photo-sculpture in full relie f. 
1865. G. Wharton S impson. Positive collodion 

print-out emulsion used by j. B. Obey-
neUer (1867- 68) in the commercia l 
manufacture of " celloidin" (collodio
chloride) papers. 

1865. J. TraiU Taylor. Use of magnesium flash 
powder. 

1865. Selle . In tensification with uranium , used 
subseq uently for toning . 

1866 . H. A. S teinheil. Construction of " apla
nat" (rec tilinear) lenses. 

1867 . ell. Cros . Suggested three-colour selec
tion and optical synthesis in a sealed 

• 
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envelope, deposited at the Academie 
des Sciences and opened only in 1876. 

1868. J. Albert. Final improvements in collo
type. 

1868. W. H . H arrison. Preparation of gela ti no
bromide emulsion for alkaline develop
ment. 

1868. L. Ducos du Hauron. Three-colour photo
graphy and the various methods of 
achieving it (the patent was not 
published until the following year). 

1869. A . Ost. Cit ric acid for keeping print-out 
papers containing silver salts. 

I87!. R. L. Maddox . Preparation of a posit ive 
gela tino-bromide emulsion capable of 
being used only with physical develop
ment (acid developer). 

1872. C. Gillot. Typographic blocks etched on 
zinc by means of a photographic resist , 
the protection of the image against 
lateral action of the etch being done by 
the methods of F. Gillot (1850). 

1873. P. Mawdesley . Positive gelat ino-bromide 
development paper. 

1873 . H. W. V ogel. Orthochromat ism (sensit i
zation of photographic films to green 
light). 

1873. W. Willis. Platinum printing paper (com
mercia lly available in 1888 after various 
improvements) . 

1873- J. J ohnston ; W. B. Bolton. Gela-
74· tino-bromide emulsion for a lkaline 

development prepared with excess of 
bromide in presence of only a small 
proportion of the gelatine, and washed 
in shreds before coating. These plates 
were placed on the market in 1874 by 
the Liverpool Dry Plate Co. 

187+ J. Janssen. Photographic Revolver, for 
the chronophotographi c study of the 
tra nsit of Venus across the sun . 

1877. 111. Carey L ea. F errous oxalate developer, 
adapted to gelatino-bromide by J. M . 
Eder in 1879. 

1878. Ch. G. P etit . H alf-tone plates (ty po
graphic printing of half-tones) by 
photography of a relief in plaste r, 
prepared from a carbon print, super
ficia lly blackened and ruled with a 
V -shaped cutting t ool on a planing 
machine. 

1878. G. Muybridge . Chronophotographic 
study of the movements of animals. 

1878. C. E. Bennett. Increase in the sensitivity 

of gelatino-bromide emulsions by pro
longed heating (ripening) . 

1879 . D . Van NIonckhnven. Increase in the 
sensit ivity of gelatino-bromide emul
sions by ripening in presence of am-

• moma. 
1879. K. K lic. Photogravure on gra ined copper 

by etching through a res is t formed by 
the tra nsfer of a carbon print. 

1880. W. de W. A bney. Use of hydroquinone as 
a developer. 

1882 . H. B. Berkeley. Use of sodium sulphite as 
preservative in oevelopers. 

1882. Attott! and Clayton . Orthochromatic gela
tino-bromide plates placed on the 
ma rket. 

1882 . B. J. Edwards. First focal-plane shutter. 
1882. W. de W . Abney. Silver gelatino-citro

chloride emulsion fo r print-out papers. 
These papers (aristotype or silver ci
trate) were placed on the market in 
1884 by J. B . Obernetter . 

1882 . G. 111eisenbach. Commercial production 
of half-tone blocks (screen ruled with 
lines in only one direct ion and turned 
through 90° halfway t hrough exposure) . 

1882- E. J. Marey. Chronophotography 
93 · with fixed plates and movable films 

(photographs taken in rapid succession 
at equal intervals) and many applica
tions to the study of anima l movement. 

1883. E. H . Farmer. Single solution reducer of 
ferricyanide and hyposulphite. 

1884. J. M. E der. Colour-sensitizing with 
erythrosine. 

1884. C. Eastman. Negat ive paper with st rip
pable film for use in spools and roll
holders, made by W. H. Walker. 

1886. F. E. I ves . Use in half-tone block-making 
of a cross-line screen with a square 
diaphragm. 

1887 . G. H anau. Drawer changing box for 
plates. 

1887. C. PizzigheUi. Platinum print-out papers. 
1887. H . Goodwin. Patent (delivered in 1898) 

for manufac ture of gela ti no-bromide 
fi lms in long bands. 

1887 . E. Bausch. Central shut ter with leaves 
forming at the same t ime an iris
diaphragm. 

1888 . J. Carbutt . Gela tino-bromide celluloid 
cut film s placed on the ma rkct. 

1888- M. Andresen. Use of para-amino-
89. phenol and eikonogen as developers. 

1889. R. Namias. Acid permanganate red ucer 
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I S90. 

IS9I. 

IS9I . 

IS9I. 

I 891. 

IS95· 

I895· 

IS95· 

IS96. 

I S9S. 

1900 . 

PHOTOGRAPHY: THEORY AND PRACTICE 

A . Lainer. Acid fixing baths made to 
keep by addition of sodium b isulphite. 

F . H urler and V. C. Driffield. Scientific
study of the characteristics of sensitive 
emulsions ; creation of photographic 
sensitometry. 

P. Rudolph and E. A bbe. Anas tigma t 
lenses . 

G. Lippmann. Interference method of 
direct colour photography. 

L. Ducos du Hauron. Stereoscopy by 
anaglyphs. 

A. and L. Lumiere ; M . Andresen. 
Publication of chemica.! propert ies 
which make an organic substance a 
photographic developer. 

A . B ogisch. Use of metol, glycin, and 
diaminophenol as developers. 

S . N. T urner. Roll film s for day light 
loading. 

1'. Edison. Kinetoscope; apparatus giv
ing the illusion of movement by 
observation of pictures, representing 
various phases of a movement, on an 
endless film . 

L. Baekeland . Silver-chloride" gaslight" 
development paper (Velox). 

A . Rouille-Ladeveze. Revival of the gum
bichromate process for pictorial photo
graphy. 

j. l oly. Ruled colour-screen pla te for 
colour photography, following the 
methods of working sugges ted by Ducos 
du Hatlron . 

A. and L. Lumiere. Cinematograph for 
taking and projecting views (film wi th 
intermittent movement). 

W. C. R ontgen. Discovery of X -rays and 
radiography. 

/(. Klii5. Rotary gravure printing ex
ploited by the R embrandt Intaglio 
Prin ting Co. 

H. W. Hyslop . Printing on metal with 
bichromated glue for half-tone block
making (the enamel process of photo
engravers) . 

A. and L. L tl1niere and A. Seyewetz. 
Ammonium persulphate reducer. 

A . and L. L umiere. Photorama, a n 
apparatus for taking and projec ting a 
panorama (the whole horizon). 

I 902 . 

1906. 

1905 . 

1905 . 

1905. 

19II . 

19I2 . 

1920. 

1921 . 

1920. 

C. Pul/rich . Application of stereoscopy to 
photogrammetry (stereogrammetry). 

L. Gaumont. Synchronization of a cine
matograph and a phonograph. 

A. Traube and A. Miethe. Ethyl red. 
first colour-sensitizer of the isocyanine 

• senes. 
Eastman K odak Co. Gela tine backing of 

films for nun-curling in baths. 
E . K oenig. Colour-sensitizers (ortho

chrome, pinachrome, etc.). 
C. W elborne Piper and D . j. Carnegie. 

Chlorochromate (chromium) intensifier. 
G. E. H. R awlins. Printing in greasy ink 

for pictorial photography (oil process) . 
1'. M anly. Ozobrome (now Carbro) pro

cess : pigmented prints from developed 
silver images. 

j. B . L. Didier. Pinatype (t ransfer of dye 
from dyed relief print). 

A. and L. L umiere. Autochrome plates. 
E. j. W all and C. W elborne Piper. Bro

moil (conversion of a bromide print 
into an image in greasy ink) . 

G. A. Smith. Colour cinematography 
(Kinemacolor) by projection of alter
nate images in complementary colours. 

E. B elin. Tra nsmission of photographic 
images over telegraph or telephone 
lines. 

R. B erthon. Cinema tography in colour 
on films with embossed lenses. 

R. Demachy. Transfer in a press of prints 
in greasy inks. 

L. Gaumont. Three-colour cinemato
graphy by simultaneol1s optical syn
thesis. 

L iippo-Cramer. Desensitizing of emul
sions, allowing of development in 
bright light. 

E. B elin . Wireless transmission of photo
graphic images. 

L. Lumiere. Photo-stereo-synthesis, giv
ing an illusion of relief by superposition 
of transparencies, each one representing 
one of the planes. 

R . F. Punnett and S . E. Sheppard. Dis
covery and identification of the active 
constituent in gelatine rendering pos
sible great emulsion sensitivity. 

• 

I 

• 

• 
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A13 E I~RATlON, lenses, 23 
--, noda l points , 3' 
Abe rra tion s, resid ual, and depth 

of field, 56 
A b rasion, effec t on emulsion, 13 7 
- - , emulsion, preven tion of, 12 7 

mark s, 359, 399 
,\brasive pencils, 3 18 
A b sorption band, 4 

of light, 5 
-- - -, in lenses, 34 
}\ cetate film -b ase, T 58 
--, soda, proper ti es, 35 [ 
Aceti c a c id , prope rties, 278 
l\ cetone , in d evelopment, 238 
--, properties , 24 8 
J\cety lene ga s and burners , 495 
Achromati c (definition ), 25 
Achromati sm, t est ing for, 75 
Acid fixin g bath s , 278 

hy po, sepia tonin g , 38 [ 
Acids, st oppers fo r, 183 
Actino m ct e r (s). 2 16 
- - , ca rbon printing , 421 
--, for printing , 339 

papers , 2 [ 6, 350 
Adapters, plate, fo r roll -film cam

eras, 126 
Additive method s of colour photo-

g raphy , 535 
AJ j ust a ble landscape len s, 70 
Adso rption, at a su rface , J 3 7 
Adurol (develope r), 240 
Aerial perspective , 8, 15 1 

ph oto g r aph s mounting 
mosaIC, 459 

photography, camera for, 
lJ6 

-- --, film for, 164 
-- --, orth o . plates , 15 1 
-- --, tanks lor film de velop-

ment, 178 
;\ erophote , ae rial camera, 101 
Aes th e ti c image, 1 0 

A[ocal systern, 45 
Age , effect on den sit y and con

tras t of bromide pape r, 365 
Agfacolor dye-coupli ng process , 

544 
screen-plate, 544, 545 

Air, keeping solutions from, 187 
Air-bell s, bromide p a per, 366 
--, from tap -wate r , 250 
- - , in tank develop m ent, 177 
--, on negati ves, 296 
--, prints , 362, 400 
Air-bru sh, constru ction and usc, 

460 
,\lbedo (definition), 8 
Album en fo r dye tinting , 463 
Albumenized papers , 348 
-- , silver per sq. ft., 346 

INDEX 
Albums, for special requirements, 

353 
Alcohol, wet, regenerating, 292 
Aldis anastigmat, 66 
Alk a li nity of develope r, infl uence, 

238 
Alkali s, action in developer, 237 
--, equivalence, 249 
--, for developers , 246- 8 
- - , neutral izing quantiti es , 24 7 
--, s top pers for, 183 
Alternating current, flu c tuations 

cause irregular de nsity, 195 
A lti tude. and exposure, 2 12 
.\Ium , reaction s with h y po, 27 3 
.Aluminium, flash-powde rs, 20 1 
--, for writin g on glass, 184 

spark, for high -sp eed photo
g ra phy , 19 4 

surfa ced m irrors , 83 
Alum s, properties, 2 73 
J\mid ol developer, a cid, 263 
- - --, bromide paper, 366 
-- --, h a rd or soft, 264 
-- --, la ntern pla tes, 373 
--, plus fixer, 267 
-- --, tropics , 266 
--, prope rties , 243 
:\ mi nes , a s alkal is in de velo pment 

238 
Ammonia, effect on bi chromate 

se nsitizer, 4 14 
--, bleaching bath, 379 
- - , properti es, 247 
--, red e veloping after inte nsi-

fication, 308 
Ammon i u m ca r bonate, properties, 

248 
chloride , in fixin g bath , 276 

Amperes, 478 
Anachroma ti c le nses, 6 1 
-- --, focu ssing , 207 
-- --, m erc ury ligh t , 207 

sy mmetri ca l le ns , 65 
teleph oto lenses, 70 

Anaemia, phot ographi c factories, 
16 7 

Anag ly ph s, 5 [8 , 5" 9 , 53 [ ' 
--, film s for, 163, 530 
A na morphosers, 472 
Anamorphosis (definition), 'S, 472 
Anastigmat lenses , 65~7 
J\n g le of fi eld, 34 

and di amet e r of image, 
table, 74 

• • VISIon, 14 
Angstrom unit s , 2 

A nhydrou s c hemicals, 182 , 185 
Anti -halation q ual ity, measure-

m e nt , 16 r 
s ub-s t ratum , 16 r 

Anti -plana t lens , 65 

'75 

Anti -static film s, 164 
Aplanatic condenser, 478 

(definition ), 26 
Apochromatic (defi nition), 26 
Arc lamps, e nlarging, 4 78 
- - --, features , 194 
-- --, mirror t ype, 496 

--, m odified lo r high-
speed p hotogra phy, 
I 94 

- - ---, proj ection, 496 
Arc -light printin g, 338 
- - , spectral com posi tion, 6 
A ristotype p aper, 349 
Arithmetica l prog ress ion, 139 
Arrowroo t size, P.O .. P., 347 
A rtificial light, and filte r factors , 

'47 
-- - - , colours by, 6 
- - - - , sources of, 6 
Artigue actinometer, 339 

process, carbon p rinting, 429 
soft-focu s m ethod , 208 

Ast igmatism, 23, 27 
- - , effect of dia p hra gm, 3 1 
At mosphere , colour selective pro-

perties, ISO 
Auranti a , a ction on skin , 224 
--, colouring matt varnish, 319 
A u tochrome p rocess, 544 , 545 
Autographic film, 1 26 

Au toma ti c focussing , 43 
Axis, optical, of len s, 23 
- - , p r in cipal, of len s, 23 
--, secondary , of len s, 24 

B AC K of n egative, re t ollching. 
3 18 

Backgro un d s, added to nega ti ves, 
322 

--, printing-in, 343 
Backing, a n ti -ha lation, 160- 2 
--, , rell1oval, 16r, 250 
--, formula e, ] 62 

sheets, 162 
Bacteria , action on gelatine, 291 , 

299 
- - , developer fog, 237 
Bacteria l formation of sulphides 

i n developers , 23 7 
Bau chan o-er 124 Db ' 

Bala nce, d a rkroom , 18 1 
--, in p ictorial composition, 210 
B a ll-and -soc ket tripod head , 11 3 
Dand markings, 295 
Barrel di stort ion, 30 
Baryta coating , 159, 332 
Base, large, st ereo-photography, 

- -' 2 )-

- - , of st e reog ram, 508 
- - , r edu ced, s t e r eo-photo-

graphy, 524 
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Basic Sca rlet N , desensitizer, 223, 

22 4 
B atc h number o f em ulsion, 163 
B eam-splitting cameras, colou r 

photognLphy , 540 
Bc litski 's red ucer, 3 I5 
Hellows shutte r, 95 
Bi ca rbonates, in development, 238 
Bi chromate redu cer, 3 15 
--, removal o f excess, with bi

sul ph ite , 432 
Bichroma ted gelatine, action of 

lig ht, 4' 3 
re lief, 434 

Bichromates, ammonia and po
tash , properties, 4'4 . . 

--, pOIsoning, 4' 4 
Binding lantern s lides, 49 1 
Binocular v ision, 16, 506 
-- --, sensation of relief, 16 
13isll lphi te, a lkal is t o ne utralize, 

247 
--, colour sensitiz in g, 154 
--, soda, properties, 245, 246 
Black, absolute , 8 

flashes (electric sparks), 142 
-- s urfaces, re fl ection from, 8 
Bleachin g, Bromoil process, 448 
--, for toning, 379 
B leach-au t colour process, 533 
Bli sters, negatives, 297 
--, prints, 397 
Blocking-out negatives, 319 
Blockmak ing. 558 
--, retouching p rints for, 462 
Bloom , negatives, 299 
--, pri n t s, 400 
Blue-black tones, effect of h ypo, 

37
' -- --, gaslight papers, 370 

Blue lamp (s) for darkroom , '75 
-- --, fo r st ud io use, 196 
BI ue-print. See Ferro-prussiate 

Process 
Blue spots, sulph ide t o ning, 379, 

40 [ 
toni ng, 386 

Book camera, I I 5 
Borate, socia, p roperties, 24 8 
Borax, in development, 238 
--, properties, 248 
Border, printing, 341 

tints, mou nting, 452 
Borders, on mounts, 452 
Bottles, blue and brown, 183 
--, for stock solutions, 187 
--, sealing, 183 
Boudoir size, print, 451 
B rass, fog from developer, 179 
Brilli ance of lens (defin ition), 36 
Bromide paper (s) , 365 
-- --, converting to P.OY., 

35 0 

-- --, d ensity curve, 359 
-- ,effect of age on d en-

s ity and con trast, 
365 

-- --, grad a tion , 335 
- - --, safelights, 167 

Bromide paper (s), sil ver per sq. ft., 
3 -8 ) 

pri n ts, intensificat ion, 3 I 2 

Bromides, effect o n development, 
227, 228 

- - , on redu cers, 316 
- -, properties, 249 
.l3romo il process, 44 7 
-- - - , papers for, 44 7 
-- - - , prints for, 393, 447 
Bronzed negatives, 299 

prints, brom id es, 400 
-- --, P.O.P., 346, 398 
B rush developmcnt, big en large

ments , 489 
-- --, bromide paper, 367 

red uc tion , prin ts, 377 
Bru shes, oi l and Bromoil pro-

cesses, 439 
Bubbles, in lenses, 37 
B ul b exposures, 90 
Burnishing prints, 455 
Burnt d ocuments, decipherin g, [39 

C.D.V. s ize , print, 45[ 
Cabin et s ize , prin t , 45 1 
Cal cium chloride, fo r d rying, 188 
Callier effect, 475 
Cam, self-foc ussing device, 44 
Camera(s), anti-vibration sup-

port, T09 
- - , bea m - s p litt ing , co lour 

p hotography , 540 
--, care of, 129 

cases, 113 
--, cinema tograph , 553 

extension, 107 
box, 107 

--, fOld ing, II 7 
--, hand-stand, IIO, II3 
--, movements, 107 

obscura, 20 
parts, namcs and functions, 

106 
--, pock et su pports, 127 
--, p ress, II 7 
--, reflex , 12 1 
--, roll -film, 125 
--, stereoscopic, 520 
--, studio portra it, 109 
--, testin g of, II4 
--, twin-len s, 110, 122 
Canci le-metre (d efin ition), 7 

second (d efinition), 7 
Candle-power, o[ ligh t , 7 
Cand les, p reventing guttering, 168 
Capilla ry flow, wash ing method , 

28 7 
Carbon i mage as loose film, 425 
-- prin t, g radation , 10 
- - p r in ting , 413- 28 
-- --, do u ble transfe r , 425 
-- --, fai lures, 428 
- - --, non-tran sfer, 429 
- - --, sin gle tran sfer, 4 22 

ti ssue, multiple, 41 7 
-- --, preparation, 41 6 
Carbonate, ammonia, properties, 

248 

Carbonate, potash, properties. 248 
--, soda, desiccated, 248 
--, , properties, 247 
Carbons, a rc lamps, ' 94, 496 
Carbro process, 445- 7 
-- --, prints for, 445 
Cardboards, thicknesses, 452 
Caricature copying, 47

'
, 4 73 

Cascade washer, 286, 39 2 
Casein printin g papers, 348 
Casket lens, 67, 70 
Cat a t y pe process, 44 7 
Cathod e rays, 563 
Caustic, of a beam, 26 
-- potash , properties, 247 
-- soda, properties, 246 
Cellophane, fo r protecting prints, 

395 
Cell uloid, fo r fi lm , 158 
--, paper coat ed with, 159 
--, storage regula tions, 329 

varnish, 323 
Cellu lose acetate fi lm-base, 158 
Celor lens, 67 
Cement tanks, 179 
Centre o f projecti on (perspective), 

12 
Centred system , 23 
Centring, defecti ve, in len ses, 37 
--, light -so urce, enla rgin g and 

projection, 480 
Ceric sulph ate reducer, 315 
-- --, reversing bath, 303 
Cha lk toning, 35 ' 
Ch a nging bag, 189 

boxes, plates, 123 
Characteristic curve, b r 0 ke n, 

double-coated em ul-
. 

SlOn s, 141 
-- -- of emulsion , '40, '4' 

surface, '40 
Chemical development, ' 30 

foc us, 25 
fog , 132 

Chemicals, commercia l prepara-
tions, 187 

--, lneasuring, 185 
--, order of, in fonnulae, 185 
--, sto rage and use, 182- 5 
--, weig hing, 185 
Ch inese shadows (pseudo-ana-

glyphs),53 1 
Chloride emulsions, colour se nsi

tized, 369 
pa pers . See also Print-out 

Papers 
Chloricles, effect on d evelopment, 

227 
- - , on reducers, 316 
- - , in reversing bath, 302 
Chloro-brom icle pa pers, 374 
Ch lorochromate in tensifier, 3 I I 
Ch loroplatin ite , potash, proper-

ties, 353 
Chromates, properties, 414 
Chromatic aberration , 23, 24 
-- --, effect of diaphragm, 31 
Chro me alum , properties, 274 
Chromiulll intensifier, 31 0 

\ 

• 
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I 

Ch romoscopes, 54 ' 
Cigarette, in darkroom, J8g 
Cine projection, im age size and 

focal length , cha rt , 
50 3 

- - --, stroboscopic illusio ns, 
557 

Cine-film s, dye tintin g, 390 
Cinematograph fi lm (35 mm.), for 

miniature cameras, 11 6 

Cinemat ography, 552- 7 
--, colour, lenti cula r film pro-

cess, 534 
--, Gasparcolor process, 543 
--, stroboscopic , 197 
--, three-colour, 54 I 
--, two-colour, 537 
Circle of confu sion , 47 
-- - - , selection of. 49 
-- o f least confu sion (asti g-

m atism), 27 
Circles , trimming. 45 [ 
Citrate, potash , p rope rties, 385 
Cit ra t es, effect on development, 

228 
--, ferric ammonium , proper 

ties, 405 
Citric acid , softening t anned gela

tine, 274 
Cla ims for d efective p lates, etc. , 

, 63, 294 
Classification of negatives, 328 
Clayden effect, 142 
Cleanin g darkroom utensil s, ISO 
-- old negatives, 327 
Clock , darkroom, 18 r 
Clouds, orthochromatic renderin g, 

151 
--, printing-in , 343 
Coccine, new, 318 
Coeffi cient of effec tive apert ure , 

46 
Collimator, combined ra nge-find er 

and v iew-fi nder, I1 9 
Coll odion , gla zin g p r ints, 394 
-- P.O.P., 349 
-- process, we t, ' 30 
Colloid a l s ilver, solid solution , 137 
-- state, 137 
Collo t ype process, 560 
Color (S ury) pastel process, 43 7, 

438 
Colour, absorption ba nd , 4 
-- and illumi nation , 3 
-- photography, 533- 5' 
-- --., po l a r i z e r S as sky 

shades, 85 
printing, photo- mechani ca l, 

562 
p r i n t s , mu ltiple carbon 

tissue , 4' 7 
sensiti ve emuls ions, spec

tru In test . 145 
-- sen siti vity, and .::on trast . 

'44 
-- - - , eye and emulsion, 144 
-- - - , test ch arts, '44 
-- --, test s , 144 

sensiti zers, classification , 155 
37-(f. 5630) '0 pp. 

INDEX 

Colou r sensitizers , properties, 154 
sensitiz ing, mechanism , 155 
temperatu re , o f light source, 

193 
va riations in dayligh t, 192 

Colour-blindn ess, 2 

Colo ured images, by direct devel
opment, 236 

463 

o b j e c t s, p hotography of, 
1 5 1- 2 

prints, mordanti ng dyes o n, 

Colourin g prints, 462 
-- -- and tran spa rencies, 389 
Colou rs, by a rtifi cial lig ht, 6 
--, emphasizing rendering, 152 
--, in spectrum , I 
--, lum inosity, 2 

--, mixture , 4 
--, powdered (sa uces) , 460 
--, prima ry (d efini tion), 4 
--, re fl ected , 4 
--, saturated, 4 
--, spectral composition , 4 
--, subjecti vity of, 547 
Colo ur-scree n . See Li ght-filter 
Colou r-separation, general pri n-

ciples, 534-
-- - - , light-filters , 537 
-- --, negatives, from screen-

colour tran sparencies, 550 
Coma. , 28 
--, e ffec t of d iaphrag m, 31 
Combinatio n photographs, moun t-

ing, 458 
printin g, 343 

Combined developing and fi xing, 
266 

toning a nd fix ing, P .O .P., 
354 

Combinin g lenses, optical rul e, 45 
Compensating developers, 259 
Com position lines on focussing 

screen, 1 T I 

--, pic toria l, hints , 210 
Com pressor, fo r air-bru sh, 46 1 
Condenser, in enlarg ing, 476 
--, mirror, 482 
--, sizes for negati ves, 48 1 
--, t esting, 4 78 
Confu sion, c ircle o ( least (astig-

matism), 27 
--, , selection o f, 49 
Conjugate points, of lens, 38 
-- --, , g raphi cal repre-

sentati on, 38 
Continuing action o [ light (carbon 

printi ng). 4 ' 3 , 42 1 
radiation, P .O.P., 347 

Contraction, ge lati ne fi lm o n 
drying, 291 

--, prints, in drying, 394 
Contrast , a nd colour of printing 

light, 340, 360 
--, sensitivity, 144 
--, and de,-elopment, 252 

--, hydroq uinon e developer, 263 
--, met ol-hydroquinone d e vel-

oper, 263 

S77 

Contrast negati ve, redu ction by 
d ilute developer, 230 

--, printin g papers, 358 
--, redu ced by reflection within 

le ns, 36 
--, reduci ng in enl arging, 488 
--, red uction with positi ve, 319 
--, strong. tann ing de ve lopers, 

263 
Control durin g enl arging , 487 
Convergence (of lens), 38 
Convergent verticals, 17 
-- --, correction o f, 4 J , 470 
Converti ble anasti gmat lens, 66 

len ses, 64, 67 
Cooke lens, 66 
Coolidge X -ray tu be, 563 
Cooling troughs, lantern projec

ti on , 499 
Copper , log from, d eveloper, ' 79 

intens ifi er,3 l 2 

ton ing , 386 
Copper-ammonia rcduce r, 315 
Copying, au tomati c focussing , 43 

camera, 107, 466 
-- --, Photos t a t, 108 

colou r transparencies in 
monochrome , 549 

--, contact, 466 
easel, 108 

--, ill umination of ori ginal, .1 97 
--, in successive strips, 469 
--, lightin g [or, 468 
--, reflex, 466 
--, scale a nd exposure, 2 1 3 

tran sparent orig inal s, 107 
Corks, fo r bottles, 183 
Corrector, P iazzi S myth 's, 30 
Cosmic rays, fog from 138 
Cotton, sensitizing, 40.; 
Covering power, of lens, 34 
Cracked negatives, sav ing, 325 
Crown glass, 25 
Cryst all i ne chem icals, 182 
Cry stolculll colourin g, 463 
Curvature o( field , 23, 29 
-- --, effect o f d iaph ragm , 3 1 
Curve, characteris tic, of em ul sio n 

'40 

Cut-off, due t o le ns mou nt , 33 
Cutting shapes, 45 .£ 
Cyanide-iod inc reducer, prints, 

377 
Cyanides, colour sensitizing, 154 
--, poisonou s action , 270 
Cyanot ype papers, 405 
Cylinders, oxygen, 495 
Cylindr ical le nses, [or dis to rtion 

copYll1g , 472 
perspective , 17 

D. & P ., numbering fi lms, 19 1 
D ago r lens, 66 
Dallmeyer lenses, aperture mark

IIl gs, 59 
Dark slid es, register, checkin g 

108, 114 
-- --, for successive 

123 
expo-

sures, 
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Dark slides, hand cameras, 123 
- - - - , lacquered, fog due to, 

123 
-- --, load ing, 189 
-- --, notched to indicate 

plate, 19 1 
-- - - , tes ting ligh t-tightness, 

II4 
-- --, v arious patterns, 11 I 

Darkroom acccssodes, 177- 8 1 
--, as camera, 1 08 

--, cleaning, 1 72 
--, design a nd e qu i p men t , 

172 - 6 
--, entra nces a nd passages, '73 
--, for h otels, 172 

illu m ination, 168 
--, la m ps a nd sale li ghts, 166- 71 
--, space per person, ' 72 

'valls, 172 
Daylig ht, colour variations, 1 , 1 92 

-- enlargers, 476, 483 
-- projection screens, 502 

--, spectral composition , 6 
--, variations in power, 192 

Decided edge, trimming, 45 1,452 
Defective plates, etc. , claims for, 

163,294 
Defect s, len s, 36 
Deformations, by copying, 471 
D elft ware, photographing , 152 
Deliquescent chemicals, 1 82 

D ensitometer, printing exposure 
measu remcn t, 340 

Density, law of, 139 
- - , optical, 139 
--, refl ection, 334 
D epth development, w ith am ido1, 

244 
focussing sca le, 57 
of field, 49- 52 

-- --, absolute, 50 
- - --, c ha rt, 53 , 55 
-- - - , factors affecting, 51 
- - --, ind e pcndent of focal 

lengt h , 51 
- - --,of eye, 19 
-- --, rela tive, 49 
-- --, , and p hysical op-

tics, 5 ' 
-- --, scale , camera, 57 
-- --, tables , 54 

of focus (definition), 57 
D esensitizer(s), added to d evel

oper, 366 
- - , and development facto rs, 

225 
- -, in fl uence on physical devel

opment, 268 
- - , on \ ,Vatkins factor, 225 
--, reduction of aerial fog, 224, 

229 
--, testing, 223 
Desensitizing dyes, 223 
--, mechanism, 224 
--, principles and formu lae, 222 
--, X-ray fi lms, 569 
D estruction of la t ent image, 136 
Detective camera, 115 

De-varnishing negatives, 32 4 
Developer, a lkalinity, influence, 

238 
--, coloured with dyes, 222 
--, concentration, effec t on fog, 

229 
- - , consti tuents, 235 
--, coolin g, 23 1 
--, d esensiti ze r added, 306 
--, dilute , for reduced negative 

contrast , 230 
--, dyes added, 240 
--, effect of dilut ion , 229 
--, of temperature, 230 
--, exhaustion effec ts , 23 [ 
--, ferrou s oxa late, 23 4 
--, fog , bacteria, 2 37 
--, from metals, 179 

formulae, choice, 257 
--, hardening o f gelatin e, 236 
- - , penetrati on into paper base, 

363 
--, red uctio n potential, 226, 235 
--, stain im age , 236 
--, stain in g, in tensification, 236 

stain s, prevention, 257 
-- --, p rints , 399 

• -- - - , rem ov in g, 297 
-- --, treatment, 257 
--, strengtheni ng, 256 
--, tank, removing scum, 249 
--, temperat ure coefii.cient, 23 1 
--, tes ting , 267 
Developers . See also under tlte 

va·dons developers 
--, as desensitizers, 222 
- -, bacterial formation of 

su lphides, 237 
- -, chcmical constitution, 235 
--, narnes, 24 [ 
--, compensati ng, 259 
--, fine -gra in, 259 
--, , table, 260 

• • - -, lllorgalllc , 233 
• --, metol, precautions 111 com-

pou nding, 26 1 
--, mixtures, 235 

• --, orga l11c , 235 
--, oxidation products, 236 
--, t a nning, for s trong contrast , 

263 
--, t hickened, 239 
--, tropics, 239 
--, 'vVatkin s factors, 233 
D eveloping and fixing, combined, 

266 
solutions, • preserVIng fro m 

air, 187 
DeVelopment, and contrast , 252 

- -, automati c , 258 
--" b rush, big en la rgements, 489 
--, , bromide paper, 367 
--, by in spection, 261 
--, carbon tissue, 423 
- - " chemical a nd physical, 131 
--. colour-separation negatives, 

539 
- - ., d epth , with a midol, 244 
--., direct, coloured images, 236 

Development, clishesand tan ks, I 77 
--, durin g exposure, in en·· 

larging, 488 
--, d ye-coupling, colour pro-

cesses, 544 
--, effec t of brom ides, 227, 228 
--, of c h lorides, 227 
--, of c it rates, 228 
--, of iod ides , 229 
- - , of tartrates, 228 

- -, electroly tic theory, 227 
factor, gamma, 140 

--, factorial, 232 , 259 
- - . , and desensiti zers, 225 

--, , bromide paper, 366 
--, fa ilu res, 294 
- - , fixed time, 259 
- -, general principles, 226 
- - , jucl gin g encl, 253 
--, lantern s lides, 364 
--, loca l, 25 1 

marks, and rocking di shes, 
250 

-- --, on vertica l plate, 23 1 
--, mechanism, 226 

papers, 358 
-- --, exposure, 360 
-- --, fa ilures, 399 
--, physical, 268 
- -, , a fte r fIx ing , 269 
--, , be fore fixing, 268 
--, , influence o f sensitizers 

and desensitizers, 268 

--, P.O.P., 356 
- - , preli minary wetti ng, 250 
--, printing papers, 363 
--, prints, to fina lity , 364 
- -, rapid or s low, 257 
--, sp eed , 22 7 
--, stop- bath , 25 4 
- -, t enta tive, 265 

time, facto rs influencin g, 
0 - 0 2-3 -.)- , .) 

-- --, for vario ll s papers, 26 1 
- -, tropi cs, methods, 265 
- -, two-d ish , 264 
--, ultra-rapid , in television, 

257 
--, under-exposures, 230 

- -, water-bath, 264 
--, X-ray m aterials, 569 
Dewin g of lantern s lides, 49 J, 504 
Dextrine mOllntant, 454 
Diagonal s of standard plate s izes, 

74 
Diagrams, Ian tern slides, 490 
Dia minoph enol. See A midol 
Diamol (developer) , 24 1 
Dia mond, glass cutti ng, 157, 167 
D iaphragm, action on lens, 46 
--, and speed of lens, 58 

aper ture, 46 
-- --, measurcment , 60 
--, d iffrac ti on effect, due to, 32 
- -, double aper ture, for st ereo-

scopy with la rge lenses, 36 
--., effect on aberrations, 3 [ 

• - - , on Image, 23 
--, incorrect p lacing, 37 

, 
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Diaphragm, oblique, as sky shade. 
85 

--, rotating, 46 
shutters, 97 

-- --, effi ciency of, 97 
Diaphragms, diffe rent t ypes, 46 
--, inside camera, 84. 116 

- - , syst e m of marking, 59 
D iazo printing processes, 444 
Dichroic fog, 237, 297 
Diffraction, ca used by Ins dia

phragm , 160 
disc, 32 

--, effect on image, 32 
--, in image formation, 2 I 

D iffused light, en larging b y , 482 
Diffu sing materials, loss of light, 

482 
D iff usion, c ircle of least (astig -

matism), 27 
-- of image, in e nlarg ing , 486 
-- of light, by surfaces, 8 
--" within lens, 36 
D I N system of speed numbers, '41 
Di ogen (de veloper), 243 
Dioptcrs, conversion table to focal 

len gths in ins. and e m s., 38 
Diop tichromc scree n plate, 544 
Discharge tube , modified for high

speed photography , 196 
Dishes and tanl{s, 177 
--, rocking and development 

marks, 250 
Disp lacements, of foc us, 26 
Dissolving views, lantern projec-

tion , 494 
Distance of v isio n, 14 
D istance-measurin g finder, 1 20 

Dist illed water, 185 
Di stortion, 30 
--, a nd position of lens dia 

phragm , 30 

--, automatic correction during 
enlarging, 47 [ 

copy in g, cylin drica l len ses, 
4 _' / -

--, correction by copy ing , 470 
--, d ue to focal p lane shutter, 

99 
effects , crossed slits , 473 

- -, from emu lsion shrinkage, 
'43 

--, in perspec tive, I3 
--, o f lens image, 23 
D ocll ments, burnt, decipherin g, 

139 
--, erased , deciph e ring , 469 
--, forged, copy ing, 469 
D ol mi (d evelope r), 24 I 
Double image, in camera, 20 
-- , negatives , 296 
- outlines in prin t:3 , 397 
Dou ble-drop shutte rs , 95 
Drawings, ink, from bromide 

prints , 377 
--, pencilling, projected image, 

488 
D rop shutte r, 91 
- -, volume of, 180 

INDEX 

Droppi ng bottle, 180 
-- --, for ca ustic soda, 265 
D ry ing, con traction of gelatine 

film , 29 [ 
--, fa ilu res, 299 
--" in stantaneo us, saturated 

solutions, 293 
-- mach ines, prints, 393 
--, negatives, 289-93 
--, newspapers in container, 188 

prints, 392 
rack s, l SI, 290 

- - , rapid, 291 
- - , , with saturated car-

bonate solution , 238 
--, rate of, a nd humidity, 289 
--, tempora ry, 293 
--, with calcium chloride, 188 
D ry -mountin g, 455 
- - --, failures, 456 
D ufaycolo r process, 544 , 548 
D uplicate negatives, transparency 

for, 369 
Dust, on p lates, I90 
Dusting-on process , 43 6 
- - --, reversed negatives, 305 
D ye printing, by contact , 434 
-- - -, by imbibitio n , 434 

print s on fabrics, 405 , 44 3 
tonin g, 387 

D ye-coupling development, co lou r 
processes, 54 4 

Dyed gelatine relie fs , 434, 435 
lJ yes, acid and basic, 38 7 
--, added t o d evelope r , 240 
--, dese nsitizin g, 223 
--, developer co lo ured with , 22 2 

--, fo r anaglyph s, 530 
--, for colouring prints, 463 
--, for Pina t ype process, 435 
--, fo r toning, 389 

E ASE L, enla rgin g, 484 
Eau de Javelle. S ee H ypoch lorite 
Edge fog , pla tes, 188 
Ed inol (d eveloper ), 242 
Effective aperture, 46 
- - --, coefficient o f, 46 
Effi ciency, d iaphragm shutters, 97 
--" focal-plane shutters, 102 
E ffiorescent sa lts, 1 82 

E ikonoge n (developer), 243 
E lect ric lamps. See also Arc 

Larnps 
- - - - , half-watt, 194 

light, spectral composition , 6 
E lectri city, precautions in dark

rooms, 168 
E lectroly tic th eory of develop-

ment, 227 
E lo n (develope r), 24 [ 
Embossing prints , 457 
Emulsion, actio n o f hydrogen 

pe rox ide, 137 
--, o f ozone, 138 
--, batc h numbe r, 163 
-- coating, pape rs for, 332 
--, distinguish ing surface, 

papers, 359 

579 

Emulsion, distin guishin g surface, 
p la t es, 189 

--, effect o f abras ion , ' 37 
--, -,-- o f fri ct ion , ' 37 
--, gelatine, a na lysis of, ' 34 
--, , makin g , 132 
--, ,thic kness of coati ng, 

135 . 
--, gram, 134 

• 
--, removm g grease, 294 
--, retic ulation in tropics, 266 

, . 
--, npenmg, 132 
--, silver brom ide, properties. 

' 33 
Emulsions, ac tion of metals, 1 38 

- -, of paper, 138 
--, of wood , 138 
--, double-coated, broken char-

acte ri s tic curve, 141 

--, , latitud e , '4' 
--, gelatine, reactions, 137 
--, protection against mo isture, 

188 
- -, relative sensitivity, 358 
--, self-screened, o rth ochrom -

atic, 148 
--, sen sitiveness to variou s light 

so urces, 193 
E na mel dish es, ' 79 
--, half-tone p rocess, 559 
E namelled carbon prints, 42 8 
Enamels, cera mic, 437 
--, imita tio n, 457 
--, photograph ic , 437 
E nclosed a rc lamp , 479 
E nlargement, degree o f, 474 
--, optica l rule, 40 
E nlargements, large size, hand-

ling, 488 
Enlarging, 474- 89 
--, automatic correction of dis-

to rtion , 47 1 
--, foc ussing, 43 
- - , lens for, 61 
--, soft- focus, 207 
Entrance p u pil (of le ns), 46 
E ntrances, to darkrooms, 173 
E nvelope plate-holde rs, 123 
E nvelopes, negative s torage, 329 
Enzymes, removin g gelatine, 32 7 
Episcopic p rojection , 499 
Erased documents, deciphering, 

469 
Etching resist, tannin g developer 

236 
E tchin gs, photo-, 462 
Ether, properti es, 3 '9 
Exit pupil (of lens). 46 
Expansion , prints, on wetting, 394 
Exposed plates , in dicati ng, 1 23 

Exposure, ambi guity of defi niti on , 
7 

--, and 
- - , a nd 

gra 1l1111CSS, 2 12 
image colour, 

p la t es, 372 
- -, - - sharpness, 32, 2 11 

Ian tern 

--" and scale of image in copy-
• 

m g , 2 13 
of reprod uction, 59 
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Exposu re, a nd subjects, 2 1 3 

--, car bon printi ng, 42 1 

--, cin ematograph y, 554 
--, colou r-separatio n n egati ves, 

539 
--, de velopmen t papers, 360 
--, e r rors, effec t s o n negati \les, 

2-5 ,) 

, extinct io n meters, 219 

- ,for in fra-red photograph y, 
2 10 

--- O"Qvcrnin a factors 2 1 2 - . ~ t> ' 

--, in en larging, 486 
- - J' ud rrin rr by imaac on foeus-

I bl:) e. 
• slIl g screen , 21 9 

--, latitude, 2 1 I 

measuremen t, p r inting, 339. 
340 

- - meter, co up led with iris 
diaph ragm, 2 1 8 

- - --, photo-electric, coupled 
to sh utte r a nd diaphragm, 
11 5 

- - mete rs, 215- 19 
-- , light integrating, 218 
- - , mov ing: object s. 214 

--, sc reen -co lo ur processes, 548 
_.- tables, 2 19- 20 
- , telep hoto le ns, 2 '3 
--, un its of measuremen t , 7 
--, X- ray p hotograph y, 568 
Exposures, u n k no\YI1 , d evelopin g, 

264 
Extension box , camera , 107 
I ~ xt i nction exposu re meters, 2 19 
E ye, adaptability to lig ht, 166 
--, and e m uls ion, comparison 

of colour-sensiti ven ess, 144 
--, angle of vision, £4 
- - , c hange o f spect ra l sensitivity 

w it h intensity, 166 
--, dark ad aptabili t y by pupil 

co nt raction, 9 
--, depth of fiel d , 19 
-- resolvin (1 powe r 18 

, 1::1 ' 

--, sensiti vity of, 8 
Eyes, flashl igh t portraiture, 202 
--, separatio n , 506 

F/ xos., basis o f. 5<) 
J;ab r ics, dye p rints on, 405 , 443 
--, sensit izing, 405 
--, , ferro -p russia t e p ro-

cess, 4 0~ 
F actori a l development, 232, 259 
-- --, brom ide paper , 366 
Facto rs, development, Watk ins, 

23 2 
Fad ed prints, restor ing, 399, 400 
I,'ad ing, t).O .. P. print s, 399 
F a ilures, in carbon printing, 4 28 
--, in dry-m ounti ng, 456 
--, in nega ti ve makin g, 294- 300 
- - , in printing, 397- 40 1 
--, sul p hid e toning, 40 1 
F armer' s red ucer , 314 
-- --, p rints , 377 
Fer ric a m monium ci tra t es, pro

perties, 405 

Fe rr ic su lphate red ucer, 316 
F erricyan ide, potash , p rop erties, 

314 
:Fe r rocya nid e, pot ash , properties, 

406 
ton ing, 383, 386 

F errocyan ides, a s mordant s, 387 
--, colou red , t able, 383 
--, in developmen t, 239 
I.'c rro -gallic p a pers, 406 
Ferro-p ru ssiate paper , 404 

p rocess, 402 
Ferrotypes, 301 
:Verrous ammonium sulphate, p ro

perties, 234 
a nd fe r ric sa lt s, tes ts, 402 

-- oxa late developer, 234 
-- -- --, desensitize r, 222 

intensificatio n , 309 
su lphate, properties, 234 

F ie ld, angle of, and d iameter o f 
im age, t able, 74 

--, curvature of, 29 
- - , o f len s, ill umi na ti on of, 32 
Fi lm base, effect on emulsion , 

164 
--, cine ma t ogra ph , • processIng, 

555 
--, clean ing [rom negati ves, 327 

- - cu t developi na '?)- I 
- " 0' -

--, development tan ks, 178 
--, for m in iature cameras, 126 

negatives, drying, 290 
-- - - , enla rging, 485 
-- --, glycerin treat ment, 

288 
-pac ks, ] 22, 127 
s ll ri n kagc, 164 
spools , " 'ood and metal, 125 

--, thic kness o f, roll and Cll t, 
J 63 

t ran spor t coupled with shu t -
te r mechan ism, 11 5 

--, va rnishing, 323 
,Fi I mcolor p rocess, 544 
Fil ms, cinematogra ph , 552 
--, , s tand a rd sizes, 553 
--, positive, 333 
--, removing gelati ne backin g, 

32 7 
--, A -ray, 163, 566 
-Filte r. See L ight-fi lte r 
Fi lter ing solutions, 186 
Fina lity, development of p r ints, 

36,1 
F in de rs, correc tion for pa rallax, 

J 18 
--, hand cameras, I I 8-20 
Fine etch ing, 560 
F ine-grai n de velope rs, 259 
- - --, table , 260 

developmen t , orthop he n y-
le ne-c1i amine, 259, 
260 

-- --, p a r ap h e n y len e- di a
m in e, 259, 260 

Finger-ma rkings, p la t es a nd fi lms, 
189 

Fireproofi ng fa brics, 2 04 

J.7ixation , a ccele ration with am 
mon ium ch loride, 276 

--, effect of hardening on speeel , 
27 2 

--, mecha ni sm , 272 

--, temporary, 255 
F ixe r , ex ha usted, iod ide t es t , 278 
--, rust in , ca use of p in holes, 

278 
F ix ing an d developin g, combined , 

266 
bath , con t a ining a lum , st a b

il it y , 266 
-- --, effect o n met a l t a nk , 

180 
-- --, recovering silver, 280 
-- --, tanks for, 180 
-- --, tes ts for exha ustio n, 

?- -
- /I 

baths, acit:, 278 

-- --, formu la, 278 
- - , development papers, 375 

-ha rde ning baths, 2 79 
--, P,O .P. prin t s, 353 
--, p r inciples a nd practice, 2]0-

82 
--, sp eed, 2 75 
--, stain s, 299 
--, two-bath . 277 
F lange , le ns, 7 2 
Flap sh utters, 94 
Flare spot, central . le nses, 35 
Flash-bag (smoke-trappi ng). 204 
Flash-bu lbs, J 99 
Flash ligh t car t ridges, 203 
-- portraiture, 202, 204 

powde rs, 200- 4 
-- --, fi r ing, 203 
-- --, precaution s, 203 
--, sy nChron ized with shutte r, 

199 
--, tes t ing. 2 0 1 

F lat negati ve, positive fro m 30 I 
Fla ttening VO. P ., befo re t on ing , 

350 

p rin t s , 392 
Flic ker, cine p rojecti on, 556 
Flin t glass, 25 
F loat ing lid, developing t anks, 177 
Floors, load a HolVed, 329 
:F luorescence, fro m X-rays, 563 
Fl uorescent subst a nces, 2 

Focal length , 24 
-- --, choice of. 73 
-- --, combination o f lenses, 

45 
-- --" lantern projectio n , 503 
-- --, m easurement, 4I 
-- --, negative Je ns, 45 

li nes (astigma ti sm). 27 
su rfaces (a stigmati sm), 28 
volum e (d efin iti on). 57 

:Focal-p lane shu t ters, 99 
-- --, dam age b y sun , 296 
-- --, efficie ncy o f, 10 2 
-- --, in l11 inia ture cameras, 

II 6 
Focus, dist a nce, for b est distrib u 

tion of dep t h, 50 

-

• 



FoclIs, effect of light-niter on, 79. 
547 

--" extending range, 77 
Focussin g. See also Soft- focus 
-- adjustment coupled with 

ra nge-finder, 1 1 5 

- --, anach romati c lenses, 207 
--, automatic mechani sm, 43 
--, by parallax, 205 
-- cloth, J09, I I , 

--, fine, 205 

--, hand cameras, I I 7 
- - in cll lara- in a 485 , b b' 
-- magnifiers , 205 

- - --, colou r photography, 
539 

--, methods and appliances, 20S 
mount (lens), 71 
sca les, graduation, 56 
screen , composition lines on, 

III 

----, ground -glass, finc-
, 

g r am, 205 

F og. aeria l, 229 
--, , red uced by desensi-

tizer, 224, 229 

--, --, by safran ine, 223 

--, atmospheric, penetration, 
] 5 I 

--, average degrees, 229 
--, c he m ical, 132, 229 
- - , developer, bacteria l, 237 
--, dichroic, 237, 297 
--, cl uo to cosm ic r ays, 138 
--, to gaseous emanations, 

138 
--, due to lacq uered d a rk slides, 

123 
--, ed ge, plates, 188 
--, effect o ( d evelope r concen-

tration, 229 

--, general, 294 
--, marginal, 188 
--, metals a nd develope r , 179 
--, reduction of, withou t speed 

loss, 228 
strea ks, roll -fi lm s, 295 

--, ",h ite , spirit dryi ng , 292 
Fo,win,r with glass dishes 177 hI") 0' . , 

Fold in g cameras, 1 I7 
F orgeries, exper t copyi ng, 469 
F ormalin, rapid drying, 292 
Formulae, deve loper, c hoice, 25 7 
--, order of chemicals , 185 
Framing photographs, 464 
Fraunhofer lines, of spectrum, 2 

Preezing mix ture, hypo, 270 
Frequency C'f light waves, 2 

Fresson p rocess, carbo n printing, 
.12 9 

j''ricti on, effect on emuls ion , 13 7 
Frillin·r ne<Yatives ?99 1')' b ,-

Furniture, panchromatic render-
, 

IJ1g, 152 

C ,\;\L\IA of em ul sion (defin ition), 
'40 

Gas cylinder , regu la tor, 496 
Gaslight paper , 369 

INDEX 

Gasl ight paper , blue-black tones, 
370 

-- --, colo ur se nsiti zed, 369 
-- --, converting t o P.O.P., 

350 

-- --, den sity curve, 359 
-- --, gradation, 335 
-- --, silver per sq , fL, 358 
--, spectral com position, 6 
Gasparcolor p rocess, cinemato

graphy, 543 
Gauss points, of lens, 24 
Gelatine, action of bacteria, 29 T, 

299 
--, attac k by insect s , 29 ' 

bac king, films , 163 
--, bichromated , action of li ght, 

4 ' 3 
emu lsion, analysis of, 1 3 .~ 

makin g, 13 2 
-- --, reactions, 13 7 
-- --, thickness of coat in g, 

' 35 
film, contrac tion on dry ing, 

29 ' 
--, harden in g, 2 50, 273 
--, , by developer , 236 
- - , P,O ,P" 349 
--, p reventing swelling, 266 

reliefs, dyed , 434, 435 
--, se nsi tizers in, 132 
Gela t ino-brom ide process, 130 
Gelatino-chloride papers, See 

Prin t -out Papers 
Genol (d eveloper), 24 [ 
Geometrical progression , 139 
Gennan len ses, aperture markin gs, 

59 
Ghost images, by len s, 35 
Glass, a luminium penc il, 184 
- - , blu e a nd brow n , fo r bottles, 

183 
--, carbon prints on , 422 

--, cutti ng with diamond , ] 57 
dry-plates, 157 

-- --, thickness, 162 
--, optical , abnormal, 28 

side, negative, printing fro m , 
345, .3 6 7 

--, t ra nsmission of ul t ra-violet 
light, 3 

Glass-ware 180 , 
Glazing carbon p rints , 428 

prints , 394 
-- ---, failures, 398 
-- --, with cel lophane , 395 
-- shee ts, wax ing. 395 
-- solution , ox-gall, 395 
Globe lens, '\'ide-angle, 64 
Clossy papers, 332 

surface, reflection factor, 10 
Glue pigment printing, 430 
Glycerin , effec t on development 

o( platinulll paper , 409 
--, in development, 239 

treatment, film negatives, 
288 

C lycin developer, lante rn plates, 
373 

Glycin d evelope r, t ank, 2G r 
-- --, (von H iibl), 264 
--, properties, 243 
Cold chloride, properties, 350 
-- --, v ari eties, 182 

58r 

-silver ratio, ton ed images, 
3 -7 ) -

ton ing, d evelopment papers, 
382 

-- --, P ,O,1>" 350 
Goldberg \\'edge, 140 
Gradation , infi ue ncing, p rinting 

papers, 339 
--, print, effect of illumination, 

339 
--, printing papers, 334, 358 
--, so ften ing, bromide papers, 

363 
Grad uated light-fi lte r, 85 

measu res, 100 
Grain o f emuls io n , T 34 

o( paper , in copyi ng, 468 
- - , reducing, in paper nega

ti ves, 488 
size of emulsion and sensi-

ti v ity, '34 
Grainin ess, and exposure , 2 I 2 

--, and me rcury inte nsifier, 307 
- -, in enlarging, 4 74 
- - , negatives, l 35 
Grease on emu lsion, removi ng, 294 

removers, 439 
Green glass, properties, ] 67 

light, fo r darkroom, 166 
toning, 386 

Grey-base cin e-fi lm , J60 
Gro und-glass, absorption of li ght, 

482 
focussing screen, fine-grai n, 

' 0· - .) 

Growth of laten t image, 139 
Gu illotine shutters, 93 
Gum arabic, mounting , 453 
G um -bichromate printing p rocess, 

430 

Gutta-percha, lining fo r dishes, 
' 79 

1,[' AND D , speed nu mbe rs, '4 0 
Halation , 159- 62 
--, caused by dirty lenses, 160 
--, due to diffraction, 160 
H a lf-tone bloc ks, 559 
H a lf-watt electric lamps, 194 

light, spectral com-
positio n, 6 

H alid es (definition), 134 
Halls, lecture , 502 

]-I a lo g e 11 i z in g sulphide t o ned 
lmage, 379 

H and cameras, 1 r 5-29 
-- --, finde rs, 11 8- 20 
-- --, supports fo r, 128 
- - --, tests, J 28 
H ands, rinsi ng in darkroom , 176 
H and writing, exper t copying, 469 
_Hangers, deve loping, 177 
H a rd water , washi ng in, 287 
H a rd ened gelatine, softening, 274 

• 
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H a rdenin g, be fo re developmen t , 
25° 

- -, during development, 266 
- - , effec t on speed of fixation, 

2 72 
-fix in g baths, 279 
gelati ne , 273 

- - solution, for fixer, 279 
H a t camera, 115 

H aze, atmosph eric, 8 
--, orth o. p lates, 15 1 
--, ultra-viole t li ght in, 150 
H eat-ab sorbing fi lte rs, projection , 

499 
H eat e rs, darkrooms, 174 
--, elect ric immersion , T74 
- -, la ntern s lides , 505 
- - , solutio ns, 174 
l-Ierotar polarizi ng filte r , 8r 
H erschel effec t, 136 

,papers , 359, 370 

High-l ight exposure measurement, 
220 

High speed photography, mod ifi ed 
arc lamp for, ] 94 

-- - - , - - di scha rge tube 
fo r , 196 

-- - - , with a lumi niu m spark, 
194 

Hood, lens , 7', 83 
H otels , d a rk rooms for, 1 72 

Hu e (d e fin itio n), 5 
Humidity, and rate of drying , 
H ydrami ne (developer) , 24 1 
H ydrated sa lt s, 182 
H ydrofluoric acid, precaution s. 

32 5 
H yd rogen peroxide, action 

emuls ion, 137 
on 

-- --, pig ment processes , 444 
}-l yc1rometcr, in making so lutions, 

185 
H yel roq uinone developer, con -

trast, 263 
-- --, la ntern plates, 373 
- - , h a logen cIeri va-tives, 240 
--, oxidation prod ucts, 237 
H yclrotype printing process, 305, 

434 
H ygroscopic che mica ls , 182 

H ype rfocal dis tance , 52 
-- --, and le ns correction, 56 
H ypergo n wide-angle lens, 67 
H y p erse n siti zing, by pre-expo-

sure , 141 
-- p a nchromatic plates , 156 
--, with m e rcury vapour, 141 
H ypo, acid , sepia toning, 38 1 
--, dissolvin g, 278 
--" effect on blue-bla ck t o nes, 

37 ' 
- - eliminators , 288 
--, flooring to resist, 1 72 

- - , in d evelopment, 239 
--, in ferrous oxalate developer , 

234 
- -, in mounting papers, 45 2 
- - , mi nimum in negatives, 284 
--, properti es, 270 

H ypo, reactions with a lum , 273 
~~, rins in g from h a nds, 1 7 6 

- - , sol u bil ity of silver h alides, 
274 

- - , tes t s for, 286 
H ypo-alum ton in g, 38 1 
H ypochlori te, in tap-water , I56, 

185 

i X t, Sch warzschild law, 140 
] conomete r , 210 
l conyl (develope r), 24' 
lIford colour tes t c hart, 145 
I llumination, e ffect on print g rad -

ation, 339 
--, lectu re hall s, 502 
--, measurement of, 7 

of fi eld , of lens, 32 
of negati ve, in enlarg ing, 474 

I mage, aes thetic, 1 0 
- - a nd obj ect, r ela tions be

tween, 39 
--, colou red, by direct develop

m e nt, 236 
--, latent, fading , prints, 358 
--, (lens). g ra ph ical construc-

t ion, 40 
- -, , s i zc and scale, 39 
--, marginal illum ination , 3 2 
--, rad iographic, 565 
--, real and virtual, 23 

sharpness, and exposure, 32 , 
2 II 

- - , silver , impurities , 226 
--, sulphide, composition, 380 
Imbibition , d ye printing by, 434 
Immersion, copying grainy orig-

inals, 468 
m ethod , in e nlarging, 485 

Impe ria l s ize, print, 451 
r ndoxyl developer, colo u r ed 

images. 236 
I nertia , reg ression of, 228 
--, , papers , 364 
I nfra-red, copying Daguerreo-
• 

types, 468 
--, correc tion of focus fo r, 26 

em uls ions, 152 
photography, 152 

- - - - , exposures, 216 
-- --" precautions 7'e cam era 

and dark s lides , 154 
- - rays , 2 

- - safeligh t, 170, 1 7 1 

- -, sensitizers fo r, 3 
I nk drawin gs, fro tn b r om i cl e 

prints, 3 77 
- - s tains, on negatives, 300 
Inks, grea sy , re movin g. 439 
--, g um-bichromate pro C e s s , 

43' 
--, o il and Bromoil p rocesses , 

439 
Insect s, attacki ng, ge latine, 29 ] 
Intaglio reproduction processes , 

558 
In tegral photography, 5 19 
I ntensifi cation, 306- 13 
- -, development papers, 376 

I ntens ifi ca t ion , local, 3 17 
- - , powde r process, 437 
- -, staining de veloper, 236 

with light, 3 13 
In tensifier, and g raininess, 307 
- -, ch loroc hromate, 3 r I 
- - , ch rom ium, 310 
- - , copper, 312 
--, ferrou s oxalate, 309 
--, merc uric iodide, 3 10 
--, me rc ury -a mmonia, 307 
--, Monc khoven, 309 
- - , pyro, 3 [I 

- - , silver , 3 [3 
I ntensifying carbon prints , 425 

screens , X -ray, 2, ]63, 566, 
567 

I ntensity, light, measurement of, 7 
In terferen ce colour p rocess, Lipp-

mann , 533 
- - , light waves, 1 
Interior, range of luminos iti es, 8 
I nverse squares, law of, 7 
I odide (s), co lour sen siti zin g, 154 
--, desensiti zer , 2 22 

- - , effect o n deve lopme n t , 229 
--, o n fix in g, 27 6 
--, on reversal, 303 
--, in development, 239 
--- I' 0 '1' . , . . . tomn g, 352 
--, test for e xha us ted fixer, 278 
I od ine, properties, 377 
Iodine-cyan ide redu cer , pri n t s , 

377 
Iodine-thi oca rba mide r ed u c e r , 

prints, 377 
Iris d iaphragm, 46 
-- --, co upled w ith exposure 

m et e r , 218 
-- --, diffraction effec t, 160 

lens a d apte r, 7 2 
vigne tting mask s , 3-P 

Iron p rin t ing papers , r elative 
sensitivity , 407 

-- -- processes, 402- 7 
salts, te st s , 402 
toning , 386 

Irradiat ion in e m u ls ion, 142, 1 60 

I sochro matic em ulsions, 144 
I so la r plates, 161 
I vory, ca rbon prints on , 422 

JELLYGHAPJ-I, for photo-copies , 
40 4 

J oly screen plate, 544 
Jumelle came ra, 116 

K ALL ITYP E pape r , 40 7 
l<atatype process, 44 7 
h:ieselgu hr, developing carbon 

prints , 42 9 
Kinetoscope, 552 
J(nife, retouc hing with, 320 
J(odach rome process, 54! , 543 
l(odelon (deve loper), 242 

LABELS, for u se in darkroom, 16t> , 
184 

--, waterproofing, 184 



Lacq uered d a rk sl ides, fog due to, 
J 23 

Lainer effect, development, 239 
Lamps, bl ue, for stud io u se, 196 
- -, darkroom . See also Dark-

rOOln L a mps and Safe
lights 

- -, mercury-vapou r, 6, J 96 
- -, , high -pressu re, 

' 97 
- -, , quartz, '97 
- -, projection, 479 
Land scape lens, adjustable, 70 

, ortho . plates, I SO 

- -, ra nge of luminosities, 8 
Lantern film -slides, 333 

lectures, 502 
plates , backed, 368 

- - --, intensification, 312 
- - --, kinds, 333 
- - , projection, 493. See also 

P rojection 
screens, 500 
slide carrie rs, 498 
slides, 367 

, standa rd sizes, 490 
-- - - , toning, 378- 89 
- - --, t y pes and preparation, 

490 

- - --, war m ton e, 371 
La tent imagc, 130 

, dcstruction, 136 
-- - - , fadi ng, p r int s, 358 
-- --, growth, 139 
- - --, persistence after re-

moval of halide, '36 
-- --, regression, in tropics, 

266 
-- - - , retrogression, 139 
- - --, reversal of, '36, '4' 
- - - - , solarization of, ' 36, 

'4' 
-- --, sub-halide theory, J 37 

--, theory, '35 
-- ---, X-rays, 566 
Latitude , double-coated emu l-

. 
Slons, 141 

- - , exposu re, 2 JI 

--, negative papers, 164 
L ead acetate, properties, 355 

nit ra te, properties, 355 
oxal a tc, preparation, 41 I 

Leaves, re!lection from,s 
L ecture halls, 502 
-- , illumination, 502 
Lecturer , signal to lant ern ist , 504 
J .ectures, lantern , 502 
L eimdruck (glue printing), 430 
L ens(es) , aberra tions, 23 

, effcct of ligh t -flltcr , 79 
- -, a bsorp tion of light, 34 

ad apter, iris , 72 
- -, anach romatic, 61 
--, , focussing, 207 
--, symmetrical, 65 
--, apertu re , compa rison of sys-

tems, table, 60 
--, --, systems of lna rking, 59 

cap, 72 

INDEX 

Lens(es), care of, 76 
--, casket , 67, 70 
--, choice of, 61, 72 
--, cleaning, 76 
- -, con vergent or p osi ti ve, 23 
--, convertible, 64, 67 
--, a nastigmat, 66 
- - defects, 36 
--, diffusion within, 36 
--, divergent or negative, 23 

!lange, 72 
- - , fo cussing by variable separ-

ation, 68 
- -, fro nt-lens focussing, 68 
--, ha la tion effect from dirt, 160 
-- hood , 71, 83 
- -, image, graphical construc-

tion , 40 
--, internal reflection losses, 34 
- - , lantern projection , 498 
--, mounting in d iaphragm 

shutter, 37 
--, mounts, 7 1 

names, mean ing of, 62 
--, non-sphe rical, 23 
--, Petzval portrait, 63 
--, rectilinear, 64 
- - , relative aperture , 46 
--, single, 62 
--, ,exceptional speed of, 

59 
- - , soften ing definition, 207 

- - , speed ratin gs, 58 
- -, supplelnentary (magn ifiers) , 

77 
--, symmetrical, 64, 65 
--, t elephoto. See T elephoto 

L enses 
--, t est ing, 75 
--, various, light transmission , 

58 
--, wide-angle rectilinear, 6 4 
Lenticular firm process, colour 

c i nemato
graphy, 534 

-- -- --, colour photo-
graphy, 542 

Levels, for calnera, II I, 120 
Lid , floating, d eveloping tanks, 177 
Light, absorption , 5 
- - , in lenses, 34 
- - , action OIl bichromated gela-

tine, 4 '3 
--, artificial, sources of, 6 
--, composition, I 

--, intensification by, 3 I 3 
- - , 111eaSUrement of intensity, 7 
- -, of quantity, 7 
--, polarized, genera l proper-

ties, 81 
--, reflec ted from coloured sur

faces , 4 
- -, scatterin g b y mist, R ay

leigh's law, IS0 

Light sources, a rtificial, 193 
--, , co l o u r t e mperature, 

193 
-- --, efficiency with differ

ent emulsions, 193 

Light sources , spectra l composi-
ti on, 193 

--, velocity, 2 

Light-filter (s), 78 
-- --, behind lens, e ffec t on 

focus, 547 
- -- -- care of 80 , , 
- - --, compensating, 

p la t es, 546 
scree n 

--, effect on focus, 79, 80 
- - - - , -- on lens a berra-

tion s, 79 
- - - -, factors, '46 
- - - - , gene ra l properties, 5, 

145 
-- ---, graduated , 85 
- - - - , in combination , trans-

mission of, 6 
-- ---, opti cal effcct, 78 
- - --- , P.O.P. , printing, 340, 

346 
- - - - , polarizing, 81 
-- - -, position fo r mounti ng, 

80 
-- --, selective , 194 
-- --, th ree-colour separa-

tion, 537 
-- --, various t ypes, '45- 6 
- - - - , v iewi ng, 14 6 
Lighting, in copyi ng , 468 
Lime, deposit on p ri nts, 392 
--, in wash-water , 287 
L imelight, 495 
Lin e et ching, 558 

markings, on nega tives, 295 , 
296 

negatives, intensify ing, 307 
Lin en, sensiti zing, 404 
Lines of composition, 210 
Linkage, self-foc ussing, 44 
Lippmann interference colour p ro-

cess, " 533 
Litho transfe rs , via Bromoi l, 449 
Lithography, 561 
Liver of sulphur, properties, 382 
- - - -, sulphide toning , 380, 

382 
Loading dark slides, , 89 
Logarith m, J 39 
Luke (windows), of lens, 47 
Lu men-second (d efinition) , 7 
Lumicolor process, 544 
Luminosities, ra nge in p rints, 1 0 

--, various subjects, 8 
Lu minosity differences, p ercep-

tion, 9 
Lux (definition), 7 

.MACKIE lines, development, 232 
Magic photographs, 309 
l\1agnesium light, 198 
lVIagnetic blower, arc lamp, 497 
Magnification, of magnifying glass, 

'4 
:Magnifi ers, fo cussing, 205 
--, supplementa ry lenses, 77 
Magnifying glass, rating, ' 4 
:Marginal illumina tion of image 32 
l\1arkings, negatives, 29 7 
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j\I[asking frame, enlarging, 484 
:\[as\.::s, lantern slides, 492 
--, printing, 341 
Matt albumen paper, 348 

surface, coloured, reflection 
from, 4 

-- --, reR ection factor, 10 

varn ish, form u la, 319 
lV[cD onough screen plate, 544 
"M easures, graduated, ] 80 
Measuring chemicals, 185 
~1edalJion photographs, 458 
"\1en iscus lens, 24 
:i\[crcu ric chloride, properties , 307 

jodide intensifier, 3 1 0 

"Merc ury hght, a n a c h r 0 III a ti c 
lenses, 207 

--. physical d evelopment, 269 
-- \ 'apon T, hypersensitizing . 

I4 1 
lamps, 6, 196 

- - - - - - , h i g h pressure, 
197 

- - -- - - , printing, 360 
~- -~ ~-, quartz, 197 
l\,[ercury-ammonia intensifier, 307 
Meridian section (asti gmati sm), 27 
Meritol (developer), 24' 
IHetabisulphite, alkalis to ne u-

tralize, 2 47 
--, potash, properties, 246 
:i\Ietal , carbon prints on, 4 22 

tank, effect on fix in g bath, 
180 

l\Jctallic salts, colour sensitising, 
' 54 

l\Ietal li zed lante rn screens, 501 
l\Ietals, action on eJllulsions, 138 
--, fog from developer, 179 
--, for tanks and dishes, 179 
~I e tas ilicate , soda, properties, 248 
lVlet hylated spi ri t, refi ning , 292 
Metol d eveloper, physical, P.O.P., 

356 
- - --, precautions 

pounding, 26 1 

, 

III com-

--, physical development, 269 
• • 

-- pOisonmg, 243 
--" properties, 2 4 2 

Metol-hydroqllin one developer , 
26 1 

~- ---, bromide paper, 366 
-- --, chI oro-bromide papers, 

375 
-- --, contras t, 263 
-- --, for unde r-exposu res, 

262 
-- --, ga sligh t paper, 370 
-- --, X -ray films, 569 
Me toquino ne (d eveloper), 244 
Metronome, for darkroom, 1 8 1 

l\1.idget size, p rint, 451 
Minia ture cameras, 115 
-- --, film for, 126 
-- --, twin-lens, 122 

l\lirror condenser, 482 
--, screen fo r studio camera, 

11 0 

:Mirrors, a luminium surfaced, 83 

:Mirrors, for reversed pictures, 83 
i\ loi sture, protection of emu lsions, 

] 88 
jVTon c khoven inten sifier, 309 
l\Tonoc hromatic (defi ni tion). 3 
~I ono l (developer), 24 I 
l\lonomet (developer), 24' 
1'.loo n, diameter of image, 40 
--, intensity o r li ght, 193 
lI loon light exposures, 193 
l\'lorclant action, stain image, 236 
~ I ordanting baths, dye toning, 387 
-- dyes, on coloured prints, 463 
-- --, on gelatine . 435 
Moun t , focussi ng (lens) , 7' 
lVlo untain s, exposure factor, 2 12 
l\ lo llntan ts, 454 
-;,\ Iountin g corners, 453 

papers , Sizes, 452 

prints, 453 
]\To llnts, c hoice of, 452 
--, lens, 7' 
--, position or p rin t, 453 
--, sizes for portraits, 45' 
i\lovi ng objects, exposure, 2 14 
-- --, shutte r speed s, 2 r 5 . . 
-- --, sWlIl glllg camera , 2 14 
Multi -flap shutte r, 95 
,Multipl e carbon ti ssue, 417 

exposure, colour rendering , 
1 - , 

j -

gum printing , 432 
l\Iu ra l decorations , photographi c, 

33 2 

NAl\IES, le nses, meanings, 62 
Negative (defi nition), 10 
--, duplicate, transparency for, 

369 
making, failures, 294- 300 
pa per. 164 

-- , latitude, 164 
:t\egatives, b y carbon process, 425 
--, c lass ificat ion, 255 , 328 
--, c leanin g fi lm from, 327 
- - , comparative, for darkroom, 

' -4 -j 

--, cracked , sav ing, 325 
--, glass, useless for re-coating , 

'57 
• • 

--, gratnll1ess, 135 
~-, pa per , 158, 164 

~-, oiling, 325 
--, re moving varnish , 324 
--, ro ll -film, marking, 19 1 
--, storage, 329 
- - , thin, advantages, 2 12 
--, tone·range, 335 
--, wet, printing I rom, 362 
N eol (d eveloper), 24 I 
Keon lamps, for darkroom s, 169 

tu bes, 6 
New cocGin, 3 18 
Newton 's rings, in printing, 335 
Nodal planes (p rope rties). 40 

points, aberra tion of, 3 [ 
-- - -, crossin g of, 42 
-- --, determining, 42 
~- -~, of lens, 24 

Notch, to show right side of film, 
190 

Noti ce lan tern slide~, 49 r 
Nuclei, sensitive, in emulsions , 135 
Numbering negatives, 191 

OBJ ECT and inl age, relations be-
tween , 39 

Offset printing, 561 
Oil lamps, for projectio n, 494 
-- process ( I.{a\\'lins), 438 
Oi l-co lou ring prints, 464 
Oiling paper negatives, 325 
Omni co lore screen plate , 5-14 
Opac ity, ' 39 
Opal plates, se nsiti zed, 333 
Opa l-glass, abso rpti on of light, 

481 
Opaque lantern screens, 501 

objects, projec tion , 499 
Optical axis, of lens, 23 

ce ntre, of le ns, 24 
de nsi ty, J 39 
interval (lenses), 45 

Orthoc hromatic e mul sions (defi ni
tion), 144 

-- --, se lf-sc reened, 14 8 
photogra ph y. ' 44-56 

Orthophenylene-diamine, fi n e-
grain development, 259, 260 

Orthoscopic image, 3 I 
Orthostigmat, lens, 28 
Osmotic pressure, 283 
Over-exposure region, photo-

g raph in g in , 2 [ [ 

Ove r-exposures, ac id amidol dcvel ~ 
oper, 263 

--, pyro develope r, 265 
Over-running electri c lamps, 195 
Oxalate, potash , properties, 234 
Ox-gall, g lazin g solution, 395 
Oxy-acet ylene lim e light, 495 
Oxyge n cylinde rs, 495 
Ozalid printing process, 444 
Ozobrome process, .See Carbro 
Ozone, action on e muls ion , 138 
Ozotype printing process, 443 

P.O.P., 349 . S ee Print-o ut P a pe r 
P aget screen-plate , 544 
Paintings, crthoc hromatic 1'en-

derin a 10;;.2 0' J 

--, photographing, 152 
P a lim psests, dec iphering, 469 
P all ad ium printin g papers, 4 08 

toning, P.O.P., 353 
Panchromatic c mu lsions (dcfin i

tion ), '44 
plates, bl Li e-g reen 

. . 
In senSI-

ti v ity band, J4 4 
Panel size, print, 45T 
P anorama, annular form, 4 72 
Panoramic cameras, le ns mount-

• 
lng, 43 

groups, placin g fig ures in , 18 
perspective, J 7 
photographs, mounting, 458 
tripod top (cameras), 11 3 

Pantoscope len s, wide-angle, 64 



Paper, ac tio n on emulsion s . . 138, 
1 <)1 

basco penetration of devel
oper , 363 

---, contraction in dry ing, 394 
- - , directio n of fibres, 394 

. effect of successive \\"cttin gs 
and dry ings, 4 13 

negatives, 158, 164 
-. , enlarged , 48X 

--, oi ling, 325 
- - ~~-- rcduc in" O"ra ill 48B - - , M ~ , 

- - , Si zes, -\ 52 
I..lapers, <:ll.: tinornet er , 2 10, 350 
--, document and record, 104 

for Hromoi l process, 44 7 
for e mulsion coatin g . 150, 

3.1" 
fo r photographic measure-

men t s, 3j') 
--', sens iti zed on both sides, 332 
--, stripping, 159. 33 2 
--, \ 'ariolls, deve lopment times, 

2U I 

Para llax. correction for, in finders, 
I 1 ~ 

foclissin g. 20(J 

ste rcograms, 5 1.9 
Paralleli sm , cam ora front and 

ba c k, testing . 114 
-- -, nega ti ve a nd pape r, in e n 

iarrrin lY 484 
~ '" 

- - , o rigin al and plate . in copy-
ing, 407 

P ara minocresol develope r, 2 4 2 

Param inophenol developer, 262 

-- - - , tropics, 260 
--, properties, 2 4 2 

P ara phenyle nediamine (lev-eloper, 
263 

-- , line-grain de velopment, 259, 
'100 

, ph ysica l developme nt, 269 
--, prope rti es, 244 
Passages to darkrooms, 173 
Passe- partout framing, 46 4 
Pa ste l colou rs, 4(,3 
Pellet paper, 405 
P encils, re touchi ng, 32 1 
Perce ntage so l11 tions (defin ition). 

184 
Pe rma nganate, loca l tinting of 

negatives. 318 
- - , potash, properties, 302 

reducer, 315 
-- --, prints, 377 
- - , test fo r h ypo, 286 
Permanga nate-pe rsulph ate r e-

d ucer, 3 1 () 
Perox ide, hydrogen . pigment pro-

cesses, 444 
Perspective, ae ria l, 8 
- - , and portraiture, 16 
-- . and v icwpoint, 15, 47 
-- , ca mera o bsc ura image, 2 0 

--, cy lindri ca l, 17 
- - , delibe rate modification , by 

cutis ts, 15 
- - , on non -ve rtical plane, 17 

37" ('1'. 56.10) 

, 

I;\iDEX 

Perspective. panoramic. 17 
--, photographic , 47 

, princ iples, 12 
• . p rint, binocular 

tion, ] 4 
exa 111lna -

- - , \vit h short-focus lens, 48 
Pc rsul phate, ammonia, properties , 

J I ( ) 

- red UCC I' , -' I () 

- - , prinb , 37 7 
Pet zva l po rtra it le ns, 63 
Ph enosa franine desensi ti ze r, 222 

Phosphate, :-;oda, tri -basic, pro-
pm-tics, 24 S 

Phospho resccnt bodies, di scharge 
by in fra -red radia tion, 3 

P hoto-copies o f plans. 402 
Photo-elect ric cell (s) , constru c

tio n, 2 1 :-; 

- - , printing exposure , 
meas urement, 339 

-- --, sens iti v ity , 2 1 8 

exposure me te rs, 2 1 ~ 

Photo-etchings, 40Z 
Photographs fo r reproduction , 5()0 

Photogravure , 558, 561 
print , ra nge of tones , TO 

Photo-mechani ca l processes, 558-
62 

Photometer exposure m e ters, 220 

Photorn etric equiva lent. 139 
Photolllic rograph ~, two-colou r, 

53 7 
Photo-murals, 332 
P hotostat, copyi ng camera , 108 

Photo-ste reo-sy nthesis. 520 

PhYSical d evelopment, 131, 268 
-- - -, a fter fix ing, 269 
-- --, be fore fix ing, 268 

--, intlue nce of sensitizers 
and dese ns itizers , 268 

Piazzi Sm y th ':-; corrector, 30 
_Picto ri a l compositio n, hints, 2 10 

photograph y, le ns for, 61, 63 
-- --, ortho. plates , ISO 

Pi gment pri ntin g processes , 413-
·19 

Pinacryptol 
22 4 

"reen '" ' 
desensiti zer, 

P in at ype printing process, 434 
- - - - --, d yes for, 435 
Pi ncushi on distortion, 30 
P inhole came ra. exposures, 2 1 

- - , m aking, 2 1 

photography, 20 

-- --, shape of p inhole , 22 
--, working di stance of, 21 
P inho les . caused b y rus t in fixer, 

" ,.... 1.-' _ / 0 
- -, preventi ng , negatives, 190 
Piral (d eve loper crystalline 

pyro. ),24' 
P lanar, le ns , 28 
P lanoscopic pai rs , 510 

Plate shutter , 96 
Plate-marking prints, 457 
P lates, concav ity of, 162 
--, gla ss, 157 
--, ' t hi c kness, ] 62 

Plates, manufacture, 15 7 
- - , marking a fter ex posure, 19 1 
--, mu ltiple coated . 1 ( IT 

--, packing , 163 
--, safe lights , T67 
- - , sizes o f diagonals . 7-1 
--, storage, 188 
- - , to lerance of c uttin g s ize, 1 62 

Platin um paper, g radation. 335 
-- --, imitation , -1-°, 
-- --, sensitizing, 410 

printin g papers . 40B- 1 1. 

prints , yellowed, -1-1 0 

residues , recovering, 4 I 1 

toning , P.O~P ~, 352 
P la tinum-sil ve r I' at i o. ton e d 

Im ages, 353 
P layertype copying proces> . 466 
Poisonin g , me tal , 24 3 
Poisons, precautions, 1 H4 
Pola ri zation o f light. HL 
Pola ri zed li ght, for s te reoscopic 

proj ection , 53 ' 
Polarizers, 8 r 

as sky filters. in colou!' 
photography. KS 

- - , e liminating retiection s, 83 
Polarizing tiite!'s, 8 L 

Pola-screen polarizing hlter. fh 
Poles, o f le ns, 24 
Polished surfaces, co lo ured . ret-lcc

tion from, -4 
Polysulphide ton ing, 3~2 
Porcela in, carbo n prin t~ on, _p1. 

dishes, 178 
Portrait a ttac hm ent, 7S 

lens, Petzval, 63 
--, range of luminos ities, t) 

Portra its, na tural size. 486 
- - , sizes o f mo unts for , 45J 
--, standard sizes , 45 1 
Portra iture, and perspective. 1 (1 

--, A rtigue, two-plate, 208 
--, c hoosin g foca l length of len s. 

for, 74 
--, flashlight, 202 , 20-1 

- - , lens fo r , 6 [ 
--, orthochro matic, 1 4~ 

--, shutter for , 103 
--. simplil"icd P et zval. lens for . 

64 
--, t elephoto lens for. 10 
Positive (defllli tion), 10 

--, direct processes, 301 
fi lms , 333 

--, fo r red uc tion of contrast, 
31 9 

- - , ins tead of negati ve, 296 
--. interm ediate. for duplicate 

negati ve , 369 
Potash , carbonate , drying nega-

ti ves, 293 
--, , properties, 2 4 ~ 
--, caustic , properties, 247 
Potential, redu ction, deve loper~ 

226, 235 
Powder printing process, -U () 

Power of lens , 38 
Praxinoscope, 552 
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Pre-exposure. hy pe rse nsitizing, 
14' 

Press ca m eras, 1 J 7 
- - , for dry-mo unting, 45 5 
- - , for tran s fe r process, 442 

photography , shutter for, 
103 

Prima ry colou rs (de finition ), 4 
P rincipal axis, of le ns, 23 

distance (pe rspecti ve), 12 
point (perspec t i ve). 12 
points, o f lens , 24 
ray (of le ns) , 4 i 

Printing boxes, 337 
- - , c ine-fi lm , 555 
- - , even i ll u minatio n , 350 
- - . ex posure meas llremen t , 33'). 

340 

, failure s in , 3<) 7 _10 1 

- - frame rs) , 33.1 
- -, with ex posu re time r, 

33 , 
light . colour o f, and con 

t ra s t , 340, 360 
--. dist ance, 338, 360 
ma chines, fe rro-p r ussiate 

p a pe rs, ~l o3 

papers, g ra datio n, 334< 5 
--, inftu e nc ing g radation, 

33() 
processes, in gen e ra I , 330 

, soft-foc us , 20~ 
l' rint-o ut pape r (s). 34(' I 
-- --, e lllui s io n, 3-1 9 
-- - - , failures, 3<)~ 
-- - -, gradatio n, 10, 335 
- - - -, light-filte r , 340 
P rints, d evelopment to finality, 

364 
--, for Bromoi l process, 44 i 
--, for Carbro p rocess, 445 
- - , Illorda n ted, dye ing, 389 
- - , ,-ange of luminosity, 1 0 

- - , reflection density , 10 
--, s izes for portrait s, 451 
- - , three-colour, 543 
- - , ton e range, 10 

P rism , total -reflectio n , ~3 
P rocess \york , 5.58 
- - - - , le ns for, ()I 

Projec tion, anaglyphs, 53 1 
--, centre o f (pe rspec tive). 12 
- - , cine matograph, 556 . . 
- - , eplscoplC, 499 
- - , ima ge s ize a nd focal length , 

chart, 503 
- - , in colours , 541 

la mps, 4i 9 
la nte rns, 493 . ,''';Cl' also L a n 

t e rns 
- - len s , improv ized. 499 

lenses , 498 
--, opaqu e objec t s, .f<J<J 
- - , screen -colour transp a rencies, 

54 8 
scree ns, J OO 

- - , s t ereoscopic , 530 
- - , surface of (persp ective) , 12 
- - , three-colour, 536 

Promenacie ~ i ze, print , 451 
Proofs, d e facing, 34<) 
P ropo rtio na l reducc rs . 314 
P rotar a nastigmats. 66 
P roximity (optical ), 38 
P sc udoscopi c pairs , .log 
Pseudo-solarizatio ll ( S a b at i e r 

effect). 142 
P umice, loca l red t1 c t ion , 3 I 8 
Pupils, o f an optica l syst c m , 4() 
P llrkin je cffcc t , 2 

Pyridine bichrolllate. :">cn siti zi ng 
co llo id s , 414 

] 'yro d eyelopcr . o\'c r-('xposurc:-o, 
.' -_v~ 

- , und er-exposures, 26.') 

inte ns ifi er, 3 11 

Pyrocatech in, p rope rties, :q o 
Pyro-ca ustic d eve lo pe r. 26.1 
Pyrogalli c a cid (p v ro), d C\'cloper , 

240 

Pyro-soda developer (Koda k), 259 
-- -- --, sta in lcss, 260 
Pyro-thioca rba mici e d e \-clopcr , fo r 

rC\'crsal, 30 I 

QUA ~ TIT V , ligh t , lllca :"> ure ment 
of, i 

~Juartz len scs, fo r ultra-violet, 3 
merc ury-vapou r l a mps, 197 

- , t ra n smission o f tlitra -"io!et 
light, 3 

(]uinoline. prope rties. 3 70 
Q uinone redu ce r , 3 15 
-- sulph on; \te, se lccti,-c d e,'el 

oper, 226 

H ACKS, dry ing . 10 1 
Rad ial images (a stigmatism ), :2, 
Rad iogra ph y , 503- 70 
Hangc- find c r , coupled , fo r minia -

ture ca me ra s , 11 6 
--, - - \'l ith foc ussing adjust-

ment, [l 5 
--, or te lemc ter, 12 0 

Hay sc reen . See Light-fi lte r 
H eal ima ge , 23 
Reciprocity la\\' , 1-1 0 , 213 
H ect a ng ula r le ns hoods, calc ula-

tions, 84 
I~ec ti l inea r le ns , 30, 6~ 
-- --" wide-a ngle , 64 
Hed glass , c uttin g with diamond , 

IGi 
- --, properties , 167 

se nsitive ness , from met allic 
salts, 154 

Heducer , Bel its ki 's, 315 
- - , bic hromate, 3 15 
--, eeri e sulphate, 3 r .5 
--, cl ea rin g high -lights in 

versa l proccss, 304 
- - , copper-ammo JlliJ, 3 r 5 
- - , Farmer 's, 3 I 4 
--, ferric sul ph a te , 3 16 
- - , heavy d ensities , 317 
--, perIlla ngana t e , 315 
- - , p e rma n ganate -pc rs ulphate. 

316 

I 

R ed ucer , p e rsulphate, 3 I v 
--, qUInone , 315 
R ed ucers, effect o f halides, 316 
- -" propo rtiona l, 3 '4 
- - " supe rficia l, 3 13 
- -" superproportiona l, 3 q 
R edu ction , d e velop mcn t papers , 

3 76 
--, in fi xin g bath , 27 1 
- - , local, 317 
- - , , prints, 3 77 
--, negatives, etc. , 3 13 
-- pote ntia l, d eveloper, 226, 

'3 -- ~ 

He ft ecti on de nsity, J3~ 
-- --, prints, 10 
--, e lim in a ti on , by po ia ri zers , 1:)3 
--, within lens, contrast reduc-

tion , 36 
- - , , loss o f light, 34 
He fl ex came ras, 1 2 I 

copying, 466 
Regressio n of incrtia, va pe l's , 364 

of latent im age, in tropics, 
266 

R egu lator, ga s c y lindcr , 49u 
H.ela tive aperture, o f lcns , -I e) 
Helief. st erco:">copic. increas ing, 

-oi .) 

--, ~'-, limits o f 
-0-.) , pcrceptio n, 

--, -- . 11 0 rm a I a nl! e xagge r
ated ,5 14 

--. perccption of. jOe) 

--, ,,'a sh -off, co lo ur p rocess , 543 
H.eliefs, gela tin e, dyed, 4 3 ~ , 435 
R epeating bac k, 109, 540 
R eproduct io n, sca le of (le nses), 39 
R esidua l abe rrations, a nd de pth 

o f field, 56 
.Resid ues, p lat inum , 

4 1.1 

• rccovcnn Cl 
'" 

--. silver , recove ring, 21:)0- 2 

R esino-pig me n t ypc , 43 7 
R esolvi ng powe r a nd relative sen -

s itivitY, '4 3 
-- - - of e mul sion , I-U 
- - - - of eye, 18 
- - -- of le ns, 32 
R estorin g fad ed prints, 399, 400 
R eti cula tion , emulsion , in t ropics, 

266 
- - , negatives , 2i3 , L<)H 
Retouching ca rbon pri nts, 4 2B 

- - , during enl a rging, 4 ~8 
medium, fo rmula , 32 1 

--, negatives, 310 

p rints , 459 
-- --, for rcprod uction , 40'2 
lletrogre~ ion o f la t ent im age, J 39. 
Re versa l, b y Pinaty pe process 

434 
--, by sola ri zation , 30 I 
- - , direc t, by solari zation, 142 
--, dissolving ncga tive ima ge , 

302 

--, ferro-prussiate image, 403 
- -, h a lid e solvent in develope r , 

30 4 



R eversal, latent im age, J36 , 141 
processes, 30 ] - 5 

--, reducer fo r clearing high-
lights, 304 

--, sccond exposure , 303 
--, using Sabatier effect, 301 
--, with thiocarba mide, 239 
H eversed t elephoto system , for 

col o ur cam eras, 70 
H evcrsability of li ght rays, 38 
Reversing back, camera, 107 

bath, bichroma te, 302 
-- - -, permanganate , 302 

fi lm on support , 326 
Hhodol (developer). "4 ' 
Hipenin g o f em ulsion, 132 
Hi sin g front, lens required , 73 
H:ochelle salt, platinu m process , 

_10 8 
Hocking developin g dishes, 1 5 0 

------" d eve l o pm e nt 
marks, 250 

H od in al (developer), "4" 
t ype d eveloper, 262 

Ho lle r-blin d shutte r, 92 
R o ll -film came ras, 125 
--, hand cam eras, 123 

negati ves, fog streaks, 295 
-- --, markin g, 19 1 
H ubbe r. fog fro m developer, t 7 C) 

Hubbing down de ns ity, 3 18 
Russian v ignettes, 34 2 
J~ u st in fixer. ca use o f pinholes, 278 

S.\BATJER effect (pse udo-solariza-
tion ), 14 2 

~--- , reversa l, 301 
Safe-edge, ca rbo n printing , 420 
Sa fe lig hts , liqui d filters, 169 
--, preparatio n, 170 
--, principles and formulae , 

167- 7 , 
--, testing, ] 70 
Safran ine, for reducin g aeria l fog, 

223 
Sagitta l section (astigma ti sm ), 27 
Salted paper, 347 
Sandell plates, ,6 1 
Satrapol (d evelope r), 24 I 
Sa turated co lo urs, 4 

solut ions , , 84 
S auces (po wd er colou rs), 460 
Sawd ust, d e ve l 0 pin g carbon 

prints, 429 
~ca le o f reproduction , and expo

sure, 59 
(lenses), 39 

Scales a nd we ights, 181 
Scalol (developer), 24 I 
Scarlet N, ba sic , desensitizer, 223, 

2 2 4 

Scatter ing of ligh t by mist , Hay
le igh 's law, 150 

Scheiner system , speed numbers, 
140 

Schlippe's salt, sulphide toning, 
38 1 

Schumann cm ulsions, for ultra
violet, 137 

[NlJEX 

Schwa rzsch ild law, i x t, ]4 0 

Screen , half-tone process, 559 
Screen pl a t e colour photograph y , 

546 
-- --, light transm i:;sion, 546 

transpa re ncies, dupli
ca ting , 549 

Screen plates, colo ur, 5H 
--, , manu fa cture , 

545 
Screens, lantern, 500 
Scum , removing f ro m ta nk de,-el

oper, 249 
Sea-water, washing in, 287 
Secondary axis, o f le ns, 24 

spectrum , redu ced , 20 
Selen ium and sele nosulphates, 

properties, 353 
tonin g , developmcnt papcrs 

382 
-- - - , 1'.0.1' .. 353 
Self-focussin g mec hanism , 43 
Sc I f -sc ree n ed o rth o c h roma t i c 

em u Isions , 148 
Self -toning papers, 35(' 

print s, too red, Y JI') 
Sensiti, ·c mate ri a ls, dry repac king 

in tropics , 191 
-- for copying , 467 

- - --, handling , 189 
Sens iti v ity and g ra in s ize of emu l

S iO n , ] 34 
--. rela ti ve, and resoh -in g 

powe r, '43 
- - . --, emulsions , 358 
--, ,i ron printin g papers, 

40 7 
- - . threshold o f, '40 
Sensi ti zed c hloride e mulsions, 369 
Sens itizer, for sep ia papers, 407 
Sensitizers , for infra-red , 3 

in gelat ine, ] 32 
--, influence on physical devel

opmen t, 268 
Sensitiz ing carbo n ti ssue, 41 7 

fabrics, ferro -prussiate pro
cess, 404 

notepaper, 40, 
s ilk, 348 

Sens itome t ric wedge, 131} 
Sens itometry , 140 
Sepa rating power of e mulsion , 143 
Sepia photo-copying papers, 406 

tonin g. S ee also Sulphide 
Toni ng 

-- --, platinum papers. 409 
Shading , during printing, 3-D 
Sharpness, st andard s o f, 40 
- - . vision, 18 
Shutte r !s) , 87- 105 -
--, and flash lamps, 003 
--, bellows, 95 
--, choice 01, 103 
--, d esirable cha racteristics 01, 

89 
- - , diaphragm , 97 
--, , mounting len s in , 37 
- - , double-drop, 95 
- -, double-plate, 96 

Shutter (s), drop, 9 1 
--, efficie ncy o f, 8R 
--, flap, 94 
--, focal-pla ne , 99 
--, , damage by sun , 2:96 
--, ,effic. ienc y . 102 
--, guillotine , 93 
-- in side camera , Y4 
-- -- --. fo r portra iture, 

1 0 3 
-~ mec hanism cuupled with 

film tran sport. 1 J.') 

--, lI1ulti- tJ ap, 95 
releases , 105 

--, rel iability o f, ()O 

--, rolle r-blind. (J2 

speed s, for mo vin g object s, 
" I -- .) 

--, sy nchroni zed with lb shli ght, 
1 0.1 . .l9() 

testing , 103 
vibration , t esti ng for , -' 05 

Side swing, of camera , 10 7, rI] 
S ight, normal di stance, J", 

S ilk , sens itizing, 3 "' ~ 
Sil ver bromide e mu lsion, growth 

of c rystals , 132 
--, prope rti es, 133 

cyanide , intensifier , 309 
halid es, sol ubi lity in h ypo , 

274 
image, impu ri ties, 226, 271 
inten sifie r, 313 
nitrate , properti es , 34~ 

- - - recoverin·r from tixin" bath 
, 1") -::-. ' 

2Ho 
--, -- f r0 111 J ' .0 . 1). sens iti z-

illg baths, 34 X 
stain s, on negati ves, 300 

Sing le Je ns, exception a I speed o f , 
59 

Sinks , darl-:rool11 , 174 
S ize , arrowroot, P.O.I)., 347 
Sketch portraits , -t (r2: 
Skies, orthochrom ati c rende ring, 

'5' 
Sky fi lters, polarizing , Xl 
-- --, , in co lour photo-

g raphy, H5 
--, printing- in , 343 
-- shades, 85 
Sla t e t a nks, ' 79 
Slits, c rossed, di stortion effects, 

473 
Snow scenes, exposures, 2 J 4 
Soda , carbona te, properties, 247 
--, ca us tic, prope rties, 246 
So ftened grada tion, bromide 

papers, 363 
Soft-focus attac hments, 86 

enlargements , 480 
enlarging, 207 

--, obtaining, 206 
-- printing, 207. 200, 343 
Solar (d aylight) enlaq(ers , 476 
Solarization, factors affec ting or 

inhibiti ng , 142 
- - " latent im age, .1 3(' , Lt I 
--, pseuc1o- (Saba tier e ffect), 142 
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Solariza tion, re \ · c r~a l . 30 1 
--, second m ax imllm , 14 2 
- - , theory, '42 
Solder , fog from d c\'eioper. ] 70 
Solid solution, sih'cr, 34() 
Solu bility, 184 
Soluti on , solid , silver, 346 
Solutio ns, st ock, 186 
- - , s tre ngth o f, 184 
Spec trum, co lours in, I 

- - , impossibili ty o f t hree-colour 
reprod uction . 537 

- - , m a ximum brightness o f , 166 
o f light, r 
tes t fo r colo ur-sen sitive 

em uls io n s, 145 
Speed numbers, DI!\" system , 141 

-- --, H . a nd D . system , '40 
--. Scheine r system . '40 
rating, of lens, 58 

Spherica l aberration, 23 , 26 
-- --, effect of diaphrag m, 31 
Spirit , dry ing negatives, 292 
--, prints, 3\13 
S pools, film , wood a nd m et a l , 125 
S p orts photogra ph~·. shntter fo r, 

10 3 
Spo t l ights, 190 
S pot s o n negatives . ..!95 
Spo tting , lantern s lides, 4y 2 
--, n egati yes , 3 II..) 
--. p rints, 459 
Square of a number (d efin ition ), 7 
Sq ua res, in verse, la\\' o f, 7 
St a in . from a nti-ha la ti on backing, 

1 6 1 

image , d eveluper, 23() 
--, mordant action , 236 
re mover , perma nganate , 297 

Staining d eveloper , intensifica -
tion , 2jC) 

S tains, d cveloper , prc\'cnti o l1 , 257 
--, --. prints, 399 
--, . trea tme n t, 257 
--, negati ves, 2Y7 
--, I'. O.P. prints, 39~ 
Stand ca meras, 106- [4 
--, s t udio ca mera , 11 0 

Starch paste , 407, 454 
Star-shaped diaphrag m . fu r even 

ill umination , 33, 67 
Static ma rkings on fil m , 164 
Statue tte photograph s. 458 
St e inhe il 's symmetrical apla na t , 

64 
St ep -wed ge, 139 
- - , t esting printing paper, 340 
Stereogram~, p rinting a nd mount-

• 
lng, 5 25 

St ereo- p hoto-synthesis, 520 

Stereop ticon (projection lante rn), 
493 

Stereo:-;cope, two-colour syn thesis , 
537 

St ereoscopes, 5'4- 18 
Stereoscopic cameras, 520 

effect s , with la rge lenses , 36 
pi ctures , a nd sh ort-focus 

lenses. 48 

Stereoscopic pictures o n s ingle 
plate, III 

- - projection, 530 
t ra nsparencies, 5 !.U 
X-ray photograp hs, 570 

St ereoscopy, 506- 32 
Sterry p rocess, 363 
St o lze syst em , a per t ure m a rkings, 

59 
Stomach ca m cra, pinhole, 2 1 
Stop (lenses). See Diaphrag m 
St op-bath . ac id, be fore fIxing, 280 
- - , negative deve lopment, 254 
- - , print d evelopment, 3U,i 
- - , pri n t s , boric ac id, 362 
- - , tank d evelopment, 255 
Stoppe rs, for ca ustic a lkali s, 247 
--, loosening, 183 
St orage, c in e-fi lms, 556 
- - , la ntern slides, 493 
- - , negati ves, 329 
--, sensitive materia ls, 188 
Strap support, for ha nd camera, 

128 
Stray ligh t in camera, 84 
Strea m er ma rkings, 295 
Stre ngth o f solutio ns, 18 4 
Stress mark>, 359. 366, 39'1 
-- - -, iodides in d eyeloper , 

23<) 

S trip printer , 338 
Stripping fi lm nega tives, 32() 

glass negatives, 32 5 
pa pers, 1.59, 331 

S tro boscope for shutter testing, 99 
Stroboscopic c ine ma t ogra ph y, 197 

illus ions, cine-projection, 557 
Stud io camera , mirror screen for , 

11 0 

- - , portrait, lig hting, 1 ')3 

Sub· ha lide theory of la tent image , 
137 

Subject, a nd exposure, 2 1 3 

S u bj ectivity o f colours, 54 7 
S ubj ect s, range of luminosities, 8 
S ub-stand a rd cine-fil m s, 553 
S ub-stra tum, anti-h a la tion , l U I 

- - , for em ul s io n coati ng , 157 
--, for fi I J11 coating, 158 
Subtrac t ive method s o f colour 

pho tograph y. 535 
Sugar, in d eve lopme n t, 131) 

S ulphate, sod a , in developm en t, 
239, 266 

- - , , in fixin g ba t h , 27 l 
- - , , preventing dichroic 

fog , 208 
Sulph ide image, composition , 380 
- - , soda, properties. 380 

to ned image, re-halogcn -
• • 

lZlIlg, 370 
toning , 378 

- - - - , fa ilures, 401 
Sulphides, form ed bacteria lly in 

developer, 237 
Sulphite , a ction in developers, 236 
--, sod a , prop er ties, 245 
- -, , red eveloping afte r in-

t ens ifi catio n . 30R 

Sulphucya nid e. pn Jperties, 35 1 
toning , P .O. I' ., 35 ' 

Sulphuric acid, precC:luti nns. L t ( ' 

Sun , a ltitude a nd inte nsity, 19.! 
- - , diam e ter of image , 40 
Superficial reducers, ) 13 

Superpropo rt iona I red li cers , 314 
Suppleme nt a ry le ns, i[l enla rging. 

48 " 48(, 
lenses (mag nifi e rs). 77 

Su pports for hand camcra s, 1 2K 

Surface of projecti on (perspec
ti ve), 12 

reducers, 3 ' .... 
s il vered mirl'o l' :-;, ~3 

S welling, ge la tine, preve nt ing, 200 
Swing bac k, of camcra , 107, 111 
S witch , dark room la mps, I ( )<) 

Sy mm etrica l lenses, ("1., 65 
points, o f le ns, 3\1 

Synchroni zed shutte r ,and lI ash 
light , ' 9') 

Synthesis , photo-ste reo, 5.!o 

TANGEN TI AL 
. 
Imagcs (a:-;tiglll at-

ism), 2j 
Tank , dc velope r , reJllovi ng SC Hill , 

249 
dc ve lop mc n t, j 77 
--, in serting hangc r:-; , 25 l 
--, use o f s top· ba t h , 2 )-) 

Ta nk s a nd dishes. 177 
Ta nn ed gela tinc. :-;o ftc ning with 

citric ac id. 274 
Tanning develope r , c tching resis t . 

236 
- - --, for stron g contrn st, 203 
Taps, darkroom , J 75 
Tap-wa t er , a ir-be ll s froIll , 250 
Tartrates, e ffect 0 11 d c \·clop ment , 

228 
Telemet er find e r , ].w 
Telephot o attachm e nt . 7~ 
- - lens(es). 08- 70 
- - --. <I n<lc hromati c , 70 
-- --, exposure, 2 13 
- - --, fi.x ed - foc us, h(j 

-- ~- for portra iture, 70 
-- --, va riabl c pO\\·cr. 68 

:-;yst e m , rc \"Crsed , fo r colour 
ca meras, 70 

Tele phot og raphy. ortho. plates, 
15 ] 

Telestereoscope . 50~ 
Telluriu m t oning, P,O. P ., 353 
Te m pera ture coeffIc ient of deve l-

op er, 231 
--, e ffect o n d eveloper, 230 
Temporary dryin g, lC)3 

Tessa r lens, 67 
Test -strips, pri nti ng, 3{)] 

Tha mes screen plate , 54 -\ 
Thermo-developme n t . \ Vatkins, 

0 -8 -J 
Thermome te r, darkroom , 1 t) 1 

Thioca rbam ide, d issn l \·i ng dichro ic 
fog, 298 

--, in d e ve lopmen t , -!1q 
- - , proper t ies. 35 I 
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Thioca rbamide, reversal , 239 
toning , P.O.P. , 351 

Th ioea r bam ide-joel i ne r eel u cer, 
p rints, 377 

T h i oca rbam idc-1\1. Q. d evelop e r, 
lante rn plates, 374 

Thioca rbamide-pyro developer, 
for reve rsal , 30 ! 

T hiocyanate, copper, mordant, 
38 7 

T hiocyanatcs , properties, 35 1 
Three-colour processes. S"ee Colo ur 

P hotography 
Thresh old o f sen s iti v ity, 140 
Tie-pin ca mera, I r 5 
Tilt of negative, correctin g, 470 
T i m e exposures, go 
Tinting, local , negatives, 3I B 

prints , 462 
a nd tran sparencies, 

3~k) 
Tintypes, 30 r 
Ti ssue, dry-mounting, 45 7 
Titles , added t o prints , 342 
--, on negatives , 327 
Ton e, P.O.P., c hanges 0 11 fixin g 

and drying , 346 
Tone-range, 8 
--, negatives , 335 
--, of pri nts, 10 

--, printing papers, 334 
--, transpare nc ies, 333 
T o ning carbon prints, 4 25 

processes, 378- 89 
T ourn iq uet, l\ Iocssa rd' 5, 43 

. 
T owel, fo r darkroom, 176 
Trac ings, papers for copYll1g, 

402- 7 
Transfer papers, 332 

prints, o il process, 44 1 
Transl ucent lantern screen s , 501 
Trans missi o ns o f vario u s l enses , 58 
Transparencies, 367. See also 

Lantern Slid es 
--, b y carbon process , 4 24 
--, colo ur, mon ochrom e copy-

mg, 549 
- -, co lou red , d ye tran sfer pro-

cess, 434 
--, Ill o rd an ted, dye ing, 388 
--, screen -colour, 545 
--, , colou r-sepa ration neg-

at ives frol11 , 550 
- - , , d uplicating, 549 
--, s t ereoscop ic, 526 
--, t h ree-colo ur, 542 
--, tone-range, 333 
Tra nspa rency, fo r duplicate nega

ti ve, 369 
- - , opaq ue support, 368 
Tra nsparent orig ina ls, copying , 

107 
Tra nsposing fram e, stereo prints, 

""7 ) -

Tri-bas ic phosphate, 
perties , 248 

soda, pro-

Trim m in g prints , 450, 451 
Tri-pack film s, co lour separation 

negativE'S, 540 

I NDEX 

Tripl e condenser, 477 
Tripod feet, non-s lip, 113 

head, ba ll-a nd-sock et , 113 
T ripod s, for h a nd cameras, 12 7 
- - , pattern s, 112 
Tripod- screw, s tanda rd, 112, 128 
Tropics, calnera construction, 115 
--, d evelopers , 239 
--, d evelopment, methods, 265 
--, papers , 365 
--, dry repacking of sensiti ve 

Inaterials, 19 1 
--, regressio n of latent image, 

266 
--, reticulation o f emu lsion, 266 
--, st orage of sensitive mate~ 

ri a l s , 188 
True-t o-scaJe p rocess, 404 
T wi n-J en s cam eras, 110, 1 22 

miniature cameras, 122 

s t ereo-camera, 52 1 
Two-colour processes, 537 
T wo-pla t e, soft-focu s method , 208 

U.s . S Y ST EM , aperture m a rkin gs, 
59 

U ltra-focal di st ance, 38 
Ultra ~ noda l dis tance, 38 
U ltra-v iolet fi lters, 2 

light, copy in g manuscripts , 
469 

in haze, IS0 

--, limits of t ransparency of 
various sub stances, 3 

rays, 2 

--, Schu man n emul s ions, 137 
U nder-exposure region, photo

graphing in, 2 1 1 
U nder-exposures, 

230 

d evelopment, 

--, -- withou t bromide, 25 3 
--, metol-hydroquinone devel~ 

oper, 262 
--, pyro developer , 265 
--, weak d eveloper, 230 
Unknown exposu res, developing, 

264 
U ranium t on in g, 385 
Utocolor bleach·out process, 533 
Uviol g lass, 3 

VACUUM p rinting fra n1e, 337 
Vanishin g point (perspective), 12, 

'3 
Vario le n s , 68 
Va rnish, cellul oid, 32 3 
--, matt, formula , 319 
--, negative, 323 
- -- removin u frOIn , D negatives, 

32 4 
--, water, 323 
Varni shing negatives, 323 

prin t s, 457 
Vent ila ti on, darkrooms, 174 
Vergence (o f len s). 38 
Vertical enla rgers, 476, 483 

lines, res toring para llelism, 
470 

Verti cals , convergent, 17 
- -, --, correction of, 4 I 

S89 

Vibra tion, clue to shutter, tes ting , 
105 

of cameras, preve nti ng, 108, 
109 

V iewing fi lter, for colou r render 
in g, 146 

--, screen-colour tran spare n-
c ies, 548 

Viev.lpoin t , a nd focal leng th o f 
lens. 48 

--, a nd persp ecti ve, 12 , 15, 4 7 
--, when phot ographin g, 200 
Vig nette r, studio cam era , 100 
Vignetting, 342 
--, b y len s mount, 33 

m ask s, iris, 342 
Virtua l image, 23 

obj ect, 45 
Vision , angle of , 14 
--, dis tance of , 14 
- - , sha rpn ess of , ] 8 
--, st ereoscop ic, 506 
--, , ra nge of, 5 ' 3 
Vitrifi.ed photogra p h s, 43 7 
Vol ts , 478 

\ \TA LKI N G -STICK camera, 11 5 
\ ,Var m t ones, b y redeve lopment, 

374 
""Va rmer, lantern slides, 505 
vVashin g, capillary fl o w method, 

28 7 
--, effect on h ypo co neen tra-

ti on, 28 4 
-- large prints , I 75 
--, m ech a nism, 282- 3 
--, minimum a mount of wa ter, 

28 4 
--, n egat ives, 283- 8 
--, prints , 39 T 

tan k s, 284- 6 
--, taste tes t, 27 ' 
--, test s , 28, 
' '''ash -off relief colou r process, 543 
\ 'Vatch can1era, 1.1 5 
vVater, darkroom supply, 175 
--, for compo undin g solution s, 

185 
--, h y persensitizing w ith, 156 

of cryst a llization, 182 
varnish, 323 

·Water-bath development , 264 
-- , prints , 367 
- - , for tempera.ture control , 253 
\,Vater-colourin g prints , 463 
Waterhouse stop s, 46 
V\Tatkin s exposure meter, 2 1G 

fac t ors, d e velop ment, 232 
-- --, influ ence of dese ns i-

tizer, 225 
-- - -, table, 233 
Watts, 4 78 
\ \fave theor y of lig ht , r 
\ ,yave-Iength of lig ht rays, I 

' Vax colouring, prin t s, 46 4 
\ ,yaxing glazi ng shee t s , 395 

prints, 457 
\ "'edge, sen si t ome tr ic, 130 
vVeigh ing chemicals, 185 
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\ Vet collodion p rocess, 130 
negatives, pri nting from, 362 

V\Tctting agents, g laz ing solu tions, 
395 

-- --, use before develop 
ment , 250 

p lates, etc., before develop
ment, 250 

'vVh ile-you-wa it photography, 
cameras for , r 13 

\ Vh ite pri nt o n clark support, 420 

\<Vhite surfaces , reft.ect ion from , 8 
\ ·Viele -ang le len s , and fi lters , 79 
-- --, H ypergon, 67 

rectilinear lens, 64 
W indows (lu ke), of lens, 47 
\Nooel , action of e mu lsions , 138 
-- dishes, wa terproofin g, ' 79 
--, outli ne p hotographs, 458 
\Nooel 's g lass, 2 

"Vorkin g-up negatives, 317 
"Vynne exposu re meter, 2 1 7 

M ADE I N G IU;: AT lI RlTA I !" A T T I! I-: P ITMAS pnESS, BA T H 

C7- ( L 5630 ) 

X -RA y fi l ms, 163, 566 
intensify ing screens, 2 , 163. 

566, 567 
X -rays, p roperties anel uses, 563-

70 

ZEISS lenses, o ld, aperture m a rk-
. 
lngs , 59 

Zeotrope, 552 
Zineo blocks, 558 
Zo nes of stereoscopic rel ie f, 507 

, 



rr he high quali ty of Liford Plates has won for 
them a world-wide reputat ion . The I1ford ra nge 
includes pla tes of vary ing speeds and emulsions 
for all photographic purposes, and each type 
may b e relied upon for ullvarying consistency. 

ORTHOCHROMATIC 

Double-X-Press Ortho 
Golden Iso-Zenith . 
Iso-Zenith . . 
Press (Or tho). . 
Iso-Record . . 
Rapid Chromatic . 
Auto-Filter . . 
Screened Chromatic . 
Special Rapid . . 
Chromatic . . 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ORDINARY 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Zenith . . . . . 
Record . . . . . 
Special Rapid . . . . 
Ordinary . . . . . 

SPEED H. & D. 

· 1,500 
· 1,400 
· 700 
· 700 
· 500 
· 400 
· 400 
· 270 
· 270 
· 135 

• 

• 

• 

• 

650 
500 
270 

70 

PANCHROMATIC PLATES 
(Sensitive to all colours) 

Hypersensitive Panchromatic . 
Soft Gradation Panchromatic . 
Special Rapid Panchromatic . 

SPEED H. & D. 

· 2,500 
· 700 
· 400 

Write for booklet" Ilford plates and films" 

ROLL FIL}\!( 
Selo The Fast Film 
Selochrome The Extra Fast Film 
Selo Fine Grain Panchromatic 
Selo Hypersensitive Panchromatic 
Write for booklet" Selo for perfect pictures" 

Write for a copy of the Ilford book, "Photography 
as an Aid to Scientific Work." 

Made in England by 

ILFORD LIMITED, ILFORD, LONDON 



PITMA.N'S BOOKS ON PHOTOGRAPHY 
A SELECTION 

COLOUR PHOTOGRAPHY 
B y H.0 13ERT M. FAKST01'E, A.H. .} .S. B eing a new edition o f thc book written b y thc latc 

CAPTA I N OWEN \ V J-I EELEr{. 

An u p-to-clate man ual, descri bi ng co lo ll r photograph y in sirn pie lang uage , and provid ing a 
practica l g uide to colour processes fo r the amateur photographer with some experience o f ordinary 
monochrome work, and for the young pro fessional. 

In d cm y 8vo, c lo th gilt, " 7 1 pp. \Vith 1 2 plates s howing thc whole proccss o f colou r in detail. 
1 25. 6d . nc t. Sccond Edition . 

STUDIO PORTRAIT LIGHTING 
• 

B y H . L M 1I3ERT, F .R.P.S. 

A " a lua ble work by a well -known portFa it pho tographer. The i llustrations are an extremely 
helpful feature of t he work, and the varie t y o f artic les t aken under various form s o f lighting a re 
o f rea l assistance to the read er. In each case the Author explains how the result has been obtained. 

1n c rown 4to, cloth, 92 pp. , full y ill ustrated in phot ogravure and half-tone. I SS. ne t. Second 
Edition. 

RETOUCHING AND FINISHING FOR PHOTOGRAPHERS 
B y J. SPENCE R ADAMsoK. 
Thi s book is written for professio na l photographers and keen a mateu rs who wi sh to know the 

la test method s a nd processes whic h a rc available for the retouching o f pho tographic negatives and 
prints . 

In demy 8vo, I 37 pp., with 8 fu ll-page plates and 1 6 other illustrations . 4 5 . net. Third Edition. 

CAMERA LENSES 
B y A . W. L OC KETT. 
Intcndcd fo r a ll serious amatcurs and a lso fo r pro fessional photographers . After a simple treat

ment o f the principles involved, prac ti call y every type of camera lens now available is d esc ribed. 
A study of th is book will ena ble thc p hotographer to se lect the most s uitablc lens or lenses for a ny 
class of work. 

j n crow n 8vo, 108 pp., with r oo illust rations. 25. 6d. n et. 

PROFITABLE PHOTOGRAPHY 
B y \\ ' ILLTAM STEW AI<T . 
Ani nd ispcnsable book for all i nt c rest ed in photograph y a s a pa y i ng hobby . It gi ves valuable 

adv ice o n the ri ght market s for the di fferent k inds of photography and will help yo u to sell yo ur 
work. . 

] n c rown 8" 0, paper boards, 106 pp., illustrated. 25. 6d. net. Second Ed iti on. 

COLOU R SEN SITIVE MATERIALS 
B y H Oll ERT i\L 17A:< sTo:< I':, A. n .p.S. 
The a lltho rtiisc ll sses the li se of o rthochromatic , pa nchronlatic , and infra-red film s a nd pla tes ; 

cx pla in s how to selec t and usc colo ur filte rs; and dcscribes the best methuci s o f ha ndling and 
d eve lo ping thi s t ype of materia l. A specia l c hap ter o f the book is d cvo tcd to the usc of colotl r 
~en s iti ve film with miniature cameras, a nd th ere is a lso a short chapter o n the latest processes o f 
co lour photograph y . 

In c1 em y 8vo , cloth g ilt, 1 27 pp. , illu strated. 85. 6d. net. 

Order fro", a bookseller, or direct f rolll 

PIT MAN, Parker Street, Kingsway , London, W.C.2 

• 
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The name that the world knows 

The products that the world prefers 

• 

, 
AMATEUR' PROFESSIONAL' COMMERCIAL. CINE 

SCIENTIFIC' MEDICAL 

There ctre Kodak Dealers everywhere 

rite to Ko 

holo ra hie. 

oundations 

o Service. 

KODAK LTD .• KODAK HOUSE. KINGSWAY, LONDON, W.C.2 

• 
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for o 0 ra 
SERVICE LIGHT TUBES--------

For automatic lighting or hand 

tilting. Suitable for any commercial 

electric supply, for 

ENLARGING 
PROCESS PRINTING 
STUDIO STANDS 
STU DIO SKYLIGHTS 
light as diffused as daylight. Inten-

sity absolutely unvarying. light 

wholly actinic. No flickering or 

hissing. No carbons to renew. 

No intense heat. More light at 

one-third the cost of other lamps. 

SINGLE TUBES 
giving 100 c.p. to 5000 c.p. ----------

HE ITTIC ELECTRIC CO. LTD. 
H ERSHAM, WALTON-ON-THAM ES, SU RREY 
Telephone : Walton-on-Thames 760 (5 lines) Telegrams: Hewitt ic, Walton-on-Thames 

• 

• 

, 
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