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from the silver bromide, which was then suspended in distilled water~

This process was repeated twice to eliminate dye not adsorbed to the
silver bromide. The final suspension was coated on small pieces of
glass, previously coated with a thin gelatin substratum, and dried.
The reflection of these samples was measured in diffuse illumination
by the colorimetry section. The blackening of the silver bromide
under the intense illumination in the spectrophotometer gave con­
siderable difficulty, but error from this source was very largely reduced
by rapid readings on a number of samples, measurements being made
both on increasing and decreasing wave length. It was, however,.
impossible to make satisfactory measurements on the sample dyed
with pinakryptol green, with its relatively broad and flat absorption.
bands. All values are relative to the reflectance of a diffusing surface
of magnesium oxide, used as a nonselective standard.

Comparison of spectral absorption and spectral sensitivity for each
of the dyes may be made from the data presented in Figures 1 to 4.
In each of these figures the densities of plates after spectrograph
exposures are plotted (in solid lines) as ordinates, against wave lengths.
as abscissre. A minimum of density obviously corresponds to a max­
imum of reversal, and vice versa. The da.ta for spectral absorption
arc given by the broken lines. Curve 1 in each figure represents the
absorbancy (minus log transmittancy) for an aqueous solution of the
corresponding dye, at a concentration chosen so as to give a range of
logarithms comparable to the other curves. In each case there is a
maximum of reversal corresponding to the maximum of absorption by
the dye, but displaced by 40 to 60 m,u toward the longer wave lengths.
In Figure 2 the maximum reversal at 465 m,u obviously corresponds to
the principal absorption band of the dye at 430 m,u; the change of slope·
from 590 to 650 m~ indicates that a faint secondary maximum corre­
sponding to the absorption band at 580 m,u is superposed on the main
curve. The reversal curve for plates bathed with fuchsin (fig. 3) and
safranine (fig. 4) have minimum densities at about 420 m,u in addition
to those at 610 and 580 m,u, respectively, which may be attributed to
the dyes. There is no absorption by fuchsin or safranine in the region
of 360 to 380 m,u to account for these minima at 420 to 430 m,u. The
quantitative measurements of spectral absorption by these solutions
were carried to 390 m,u without any indication of a second maximum
at shorter wave lengths, and approximate photographic tests failed to.
show any significant absorption between 400 and 310 m,u. We are
therefore forced to the conclusion that the minima around 420 mJL
correspond to absorption by the silver bromide itself; this conclusion
will be discussed morc fully later in the paper.

Curve 2 in Figures 1, 3, and 4 represents the spectral reflection
of silver bromide dyed with the corresponding dyes; the data are
plotted as minus log reflectance, so that a. maximum in the curve
corresponds to minimum reflectance and maximum absorption. It.
will be noted that the maxima of these curves are displaced a:{Jproxi­
mately 20 m,u toward the longer wave lengths from the maXlIDa of
absorption in solution. In the case of silver bromide dyed with
pinakryptol yellow, the dye and the silver bromide absorb in the
same spectral region, so that the two components of reflection can
not be distinguished.

Curve 3 in Figures I, 3, and 4 represents on a logarithmic scale the
variation with wave length in the energy radiated by a black body at.
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3,000° K. The curves in the three figures are displaced vertically
by varying amounts to fit the scales of the figures. The color tem~

perature of a Tungsarc lamp is not over 3,000°, and possibly nearer
2,900°. The relative energy incident on the plates may, as a first
approximation, be taken as equal to this, since nothing in the spectro­
graph or illuminating system introduces appreciable selective absorp­
tion or reflection in the visible region.

Curve 4 approximates the relative enel'gy absorbed at each wave
length from a source of 3,000° color temperature by a material of
the reflectance represented by curve 2. In making this calculation,
the transmission by the dyed silver bromide was taken as negligible
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FIOURE I.-Reversal on plates bathed with pinakryptol yellow and bromide
Solld Ilnes represent densltles or plates, on left-blind ordinate scale. The curve marked H E Is ror the

Herschel efJect on a pure bromide emulsion wltbout dye; 1.5 hIlS been subtracted from all densities to
bring the curve on the same plot with ~he others. DlIShad curves (rlgbt·hlUld ordinate scale) are: (1)
Absorbancy (minlllliog transmIttancy) or pinalrryptol yellow solution, 1.0 g per Uter, In 1 em thickness;
(2) minus log reflectence or silver bromide d)'ed with plnakryptol yellow; (3) log relative spectral energy
distribution of a black: body at 3.000" K.; (4) log spectral dlstrlbu~lon or energ)' absorbed from a SOlUOll
auch ll.'l (3) by silver bromide dyed with plnakryptol yellow; and (5) log quanta absorbed under these
conditIons

and the absorption as (1- reflectance); the absorption was multiplied
by the relative energy for this wave length, and the logarithm of this
quantity plotted. The transmission was not measureable with the
available apparatus, but appeared to be not over 10 per cent for the
'Samples actually used for measurement of reflectance, Curve 5 in
each of the figures was obtained by dividing the energy absorbed at
each wave length by the frequency of the radiation (the inverse of
the wave length). This procedure ~ives the relative number of
quanta of energy absorbed. The loganthm of the number was plotted.
As curves 3, 4, and 5 all express only relative values, plotted on a
logarithmic scale, they have been shifted vertically so as to produce
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FIG,URE 2.-Reversal on plate .bathed with pinakryptol green and bromide
SoJld Hne, densIty of plat,. DllIlhed line, Bbsorblmcy of piuakryptol green solutioD, 1 em thickness, 0.02 g

per liter
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FIGURE a.-Reversal on plates bathed with fuchsin and bromide

Solid lines repl't\.'lent densities of plates; upper curve made with red filter over silt of spectrognph. Dashed
curves: (I) Absorbancy of fuchsin SOlution, 1),0024 g per liter, In 1 em thickness; (2) minus log re..lIectance
of silver bromide dyed with fuchsin; (3) log relative spectral energy llistributlon of a black body at 3.000"
K.; (4) log spectnl dlstrihutlon ofenergy ah~orbed from a source such as (8) by sliver blllmide dyed with
fucbsfn; and (5) log Quanta absorbed under tbeoo conditions



CGrroU 1
Krttdmon Photographic Beversal 253

the minimum confusion in the figures. As a first appro:-:imation, the
extent of LL given photochemical reaction produced by different fre­
quencies not too widely separated may be expected to be proportional
to the number of quanta absorbed a.t each frequency. There are in
oHmy cases very large deviations (rom this theoretical prediction, the
higher frequencies (shorter wave lengths) tending to be the more
effective, but in the absence of more definite knowJcd~e the effect of
varying frequency on a reaction should be compared WIth the number
of quanta absorbed by the material which is believed to be chemically
activated by the radiation.

Considenng the region co,-ered by curve 5 in Figures 1, 3, and 4, it
is obvious that there is excellent correspondence between the reversal
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FIGURE .4.-ReveT,al on plate, balhed with ,afranine and bromide
Soltd lines represent densltlllll of plates. DBlihed curves: (I) Ab!orbancy olllllrnnine solution, t con thick·

ness, 0.008 r per liter; {2l minus lor 1'1l1lootilnce of tlh'er bromide dyed with t8frll.lllne; (3) log rolatlve
sreetral enerl/:Y dl~trlbutlon of a black body at 3,000" K.; (4) log spe('tral dbtrlbuUoll of tlltrgy absorbed
from II source such as (3) by sliver bromide dyed with saffaillne; lind (~) log quanta absorbed under
these condltlolls

and the energy quanta absorbed by the dye on the silver bromide.
The maxima fall together within t,he limits of error of the determina·
tions. Figure 2 shows that the relation between reversal and the
absorbancy of dye solution is the SAllie for pinakryptol green as for the
other dyes. The inevitable conclusion from these data is tha.t the
spectral sensitivity of the reversal process depends on the nbsorytion
by the <!ye as directly as does spectral sensitization of the ordmary
type. This confirms the earlier work by onc of us. ll It is in direct
contradiction to Liirpo-Cramer's conclusion, which we shall be able to
show is t.he result 0 the misleading impression of spectral sensitivity
which may be given by inspection of exposures through filters.

In Figures 3 and 4, thero are marked minima of density around 420
to 430 tn/J, which are obviously the result of light absorbed by the

..
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silver bromide itself. The combination of absorlJtion which increases
with decreasing wave length nnd CDCr¥Y incident on the pInte in
amounts inrrf'asing with inc'r(,8sing wave length determines the loc8­
tion of maximum ahsorption and hence of muximuTll reversal. In
Figures 1 and 2, this ma:nrnum of reversal is shifted to 450 Rud 465 mp,
respectively, by the absorption of the dye superposed on that of the
silver bromide.

In Figure 1, the curve marked H E represeonts the density of 8.

plate coated with pure bromide emulsion which, aft.ar the first .uni­
form exposure, had been bathed in 1 per cent potassium bromide
solution without dye, then dried and exposed in the spec.trograph lIsing
A. red filter over the slit. to eliminate the second order spectrum and
stray light. of short. wave lengths. An exposure of 2* hours was naces­
saTY. to produce this limited reve~al, which is the true Herschel effect,
wlnle the other curves were obtained in 4~ or 13* minutes using dyes.
The maximum reversal lies at about 660 mJ.l, and the short wave­
length limit is not set by the filter, which cuts off at about 590 mJ.l.
Hilsch and Pohl 12 found that the maximum of absorption by photo­
silver was just short of 700 mJ.l. A similar Hersche effect was ob­
tained with the 4-97 pure bromide emulsion used for the reve~al

experiments with dyes.
Ten-minute exposures w{'re made on all the dyed plates with the

same red (Wratten II A ") filter. The upper soltd line in Figure 3
represents the reversal on a fuchsin-dyed plate unrler these conditions;
the corresponding result on the safraoine-dyed plate is omitted be­
cause it so nearly coincides with the shorter exposure without filter.
There was no measurable reversal on the plates dyed with pinakryptol
green ano pinakryptol yellow, confirming"the results obtained without
the filter. It is evident from this that high relative sensitidty to red
ligtlt is not a common property of all emulsions treated with desensitiz­
ing dyes, but occurs only when the dye has the proper absorption.
There is no indication from our result-s that the Herschel effect was in­
creased by the presence of the dyes. There is some sensiti,,;ty to red
light in every case, 8S Ltippo-Cramei has demonstrated, but the
spectra.l sensiti\'ity indicates t.hat this should not be called the IfeTSehel
effect. Its origin is evident from the data in Figure 5 on long spertro­
graph exposures. Process plates were given the uSllal umform ex­
posure to white light, then bathed with pinakryptol ~Teen, pinakryptol
yellow and 2-m-nitro-styrrylquinoline di..methylsulphate, each at !l.

dilution of 1:5,000 in bromide solution, dried, find exposed in the
spectrograph for five minutes without filter, and one hour with the
minus blue filter (absorbing radiation of wave length less thaD 500
mJ.l) over the slit. Curves 1 and 2 show clearly that as the exposure
was increased, the re~ion of reversal on the pinakryptol yellow bathed
plate extended into the red without indication of a second maximum.
The behavior of the plate bathed with pinakryptol green (curve 3) was
similar, but there are indications of a secondary maximum about 640
m~ corresponding to the secondary maximum of absorption of the dye.

The reversal obtained with 2-m-nitrostyrrylquinoline dimethylsul­
phate, one of the simplest dyes or the pinakryptol series, is of par­
ticular interest because Ltippo-Cramer 13 bas used this as evidence
that the reversal effect is independent of the spectral absorption of

U Ullscb lad Pobl, Floe. 8th. Int. COni. Phot., p. 29, 1931.
II LQppo.CramlN", refn-ecce 3 "SeDilllbtl!llefung lind DeseDillibilisln-ung," pp. 2Sf-~, Ind F'frure 53.
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the dye. The 5-minute exposure without filter on the plate treated
with this dye produced a reversal which would be represented by a
curve quite close to (1) in Figure 5. Examination of curve 4 shows
that the slope on the long wave length side is steeper than that of
curve 2, made with pinakryptol yellow. This is to be expected, since
absorption by 2-m-nitrostYl'rylquinoline dimethylsulphate was found.
'to be very slight at wave lengths over 400 m,ui the spectral sensitivity
was therefore determined almost entirely by the absorption of the
silver bromide.

On visual inspection of the plates made with this material the
reversal could be detected to over 700 m,u, but could not be measured
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FIGURE 5.-Reversal on plate, given long spectrograph exposure,
Curve 1, ~mlnute exposure; curves 2, 3, and 4 6O-mlnute eJ;p(lSures with mlnWl blue filter In front of gilt

of spectrograph. Curves 1 and 2, plate batbed with plnakryptol yellow and bromide; Cl!rve 3, plate
bathed with plnakryptol green and bromide; and Cl!rve 4, plate bathed wltb 2·m-nitrostyrrylqulnollne
dlmethylsulpbllte and bromide.

with any accuracy on the riticro,{lhotometer because it involved small
changes in relatively high densitIes. Another piece of the same plate
used-for curve 4 (fig. 5) was exposed behind an Eder-Hecht wedge for
two and one-half minutes at 30 cm from a 75-watt, gas-filled lamp.
The result is reproduced in Figure 6 i the similarity to Ltippo-Cramer's
results (reproduced iJ;l his fig. 53) is obvious. The wedge and filter
exposure af;lpears to indicate a relative sensitivity to the longer wave
lengths whIch is not confirmed by the quantitative measurement.s on
the spectrograph exposures. The answer appears to lie in what
Ltippo-Cramer has called the "time effect," the marked failure of
the reciprocity law for this process in the sense that the photographic
effect falIs off much less rapidly than the intensity. This shows in
the original of the Eder-Hecht exposure as an extraordinarily long
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and flat HOOe" of the characteristic curve. The consequence is that
intensity differences, as judged from the threshold of photographic
effect, tend to be equalized and the filter strips on the Erler-Hecht
wedge are printed for a distance out of proportion to the relative
spectral sensitivity.

II. EFFECT OF BROMIDE AND DYE CONCENTRATIONS

The curves of Figure 7 represent the results of an experiment which
we believe to have considerable theoretical significance. Process

..,~----------------~-----,

..0

D

.S

3

•
.2'L_.l.-_......J'-_......J'-_--,-l..:Jil.._-,1-__..,..L__~--

350 400 450 A 500 550 ~oo eso mp

FIQURE 7.-Densitie. of plaie, after lIpectrograph exposure'
(I) Preelposoo, washed, bathed with solution 01 "arranloeln pure water, and dried before spectrograph

eJposure; (2) preeIposOO, bathed with solution 01 s8franine and potassium bromide, find drIed before
spectrolrapb e_posurll; and (3) plate of saine emu!aloD, untreated

plates were given suitable preexposures. They were then cut in
halves. One half of each was washed for" five minutes in running
water to remove all soluble bromide, then bathed in a 1: 30,000
solution of safranine in distilled water, dried, and exposed in the
spectrograph. The other half was hathed in a 1: 30,000 solution of
safranine in 1 per cent KBr solution, then dried and exposed in the
spectrograph. All plates were given a series of spectrograph expo­
sures. Curve 1 in Figure 7 represents a plate given 4-second pre­
exposure, washed and bathed in safranine without bromide, and
exposed 30 seconds in the spectrograph. Curve 2 is for a plate given
8-seeond preexposure, bathed in safranine plus bromide, and exposed
90 seconds in the spectrograph. Spectral sensitivity was not de­
pendent on the exposure tunes; densities for the above values wer~



FIGURE 6.-Proce88 plale given uniform exposure lo while light, then balhed in
a mixed solution of f-m-nitroslyrrylquinoline dimethylsulphate and polas­
Mum bromide. dried, and exposed again to incandescent light through an
Eder-Hecht wedge

J.ellers 011 the narrow strips 10 the right have the following significance: R, red filler; G, )"ellow;
GR, gTeen; B. blue.

[p. 256 (P.E.)



Cattoll J
Krtklinlon Phologra,p!l:ic lle'L'ersal 257

chosen as the most suitable for plotting together. Curve 3 in Figure
7 is for an untreated plate of the same kind exposed in the spectro­
gra,ph {or 1 second, without preexposlire.

Curve 1 has a ma..-nmum of density a.t 565 mJl; curve 2 has a min­
imum of density at the same wave length. The maximum at 565 mJl
in curve 1 obVIously indicates sensitization in the ordinary sense by
safrnnine (in spite oC its marked desensitizing properties, this dye is
described in the 1903 edition of Ecler as "a moderately good green
sensitizer"). The corresponding minimum in curve 2 demonstrates
beyond question that the reversal process is also brought about by
light ahsorbed by tbe dye. The energy acquired in this way may
either form or destroy latent image, depending on the conditIOns in
the emulsion, the silver (or bromide) ion concentration being the
variable involved in this experiment.

The ma..'Cima in curves 1 and 3, and minimum in curve 2 at 450 to
460 mJJ 13 demonstrate that the same relation holds for radiation ab­
sorhed by the silver halide itsell as for that absorbed by the dye.
Under normal conditions, it is used to form latent image, but 'in the
presence of both dye and soluble bromide it instead destroys image
already existing. A maximum of reversal in this region can be de­
tected in Figure 2 of Mauz's paper illustrating exposures on fuchsin
bat,hed plates.

The dye reversal process has generally been associated in the
literature, with the longer wave lengths, but there are other illustra­
tions of reversal by radiation absorbed by the silver halide. This is
the case for solarization If and for reversal on plates which have been
converted to iodide.a

Further evidence on the nature of the reversal process was obtained
from a different type of experiment. Luppo-Cramer Ie has given
characteristic curves of dye reversal with va-rying concentrations of
d,e. These curves were made with an intensity scale, and in view
o the marked anomalies of the process with regard to intensitY' it
seemed worth while to repeat them with the time scale, which mIght
be simpler to interpret. The e.xperiments were made with safrnnine
on process plates. After constant preexposure, the plates were
bathed in solutions of the dye at 8 dilution of one part of dye to 15,
30, 60, 120, 240, and 480 X 103 parts of 1 per cent KBr solution.
These dilutions are indicated by the corresponding numbers on the
curves of Figure 8. All plates were dried together, then given a
nonintennittent sector wheel exposure (0.11 to 30,seconds) to the
light from 8 500 c. p. Il Point-o·lite" lamp at 0.9 m, with 8. '''ratten
Minus Blue filter. A second set of plates was exposed 2 to 512 seconds.
The combined curves from three test strips for each of the two
exposures are plotted in Figure 8 as changes in density from the
une.~osed portion of the plate. The reproducibility of these curves
was relatively poor, although the indiVidual curves for each set of
conditions were smooth; the probable error.in location of each curve
is of the order of 0.2 .in density.

The curves for dilutions of 30 to 480 X 10' fall into a regular progrea­
sion, the reversal beginning after longer and longer exposure as the

liOn the pure bromide emuhlon wed for tbe upoeures~ded In Ftrure 4, tbeeorrespondlD& minimum
lay at 420 to~ ID,Il. Tbe Ibift Is upla1ned by tbe J)re5eOOe or:l pel' cent silver iodide In the silver balide or
tbe PfOC*I.S emUlsion \lM'd lor FJcure 7.

II Renwick, J. SOc. Cbern. [00'1 vol. 19. P. laG T, 11l2O.
... LOpp.>CrlUDet Pbot.lnd., VOl. 24. p. 1099, 1m. Zeit. I. wiss. Phot., vol. 28. p. 3t:i., 1m
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dilution increases. The most unexpected feature of the data is the
formation of a negative image in the carly sta~es of exposure at the
highest dilutions, preceding the reversal. This has been observed
by Ltippo-Cramer 17 in a few cases of exposures with the intensity
scale. 'With the intensity scale, the reversal may be followed by a
negative image (at the highest intensities). This has frequently been
observed by LUppo-Cramer, and confirmed in this laboratory;

.,
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FWORE S.-Characteristic curl/ea of reveraal prOCi!33 with aafranine-d1led plate"
made by lime-scale e:z:posuru

Denslt.ies on CUTl'"l'5 are ehan/l:e" from nil/I!! proouC'Od rrom original uniform tJposure. Numben 00 CIlUe&
multiplied by 100Iodiaite dilution of $&fra.nlne.

it is faintly visible in Figure 6. No indications of this second negative
were found in these time-scale exposures; it is possible that it might
have occurred if the exposure could have been sufficiently prolonged,
but at the lower dilutions of dye the minimum density was maintained
without change over a range of exposure of more than 10 times.

The dye at a dilution of 15 X 103 produced slightly less effect than
,at the next higher dilution. LUppo-Cramer 18 has frequently observed

If Lllppo-Cramcr, Zeit. r. wise. Phot., vol. 20, p.350. 1929. Cllmerll, vol. II, p. 182, tInS.
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that the more concentrated solutions may produce less effect, and
has explained this on the basis of the mutual replacement of adsorbed
dye and bromide ions on the silver halide with varying concentrations.
It is not excluded, however, that in the plates bathed with the stronger
solutions the excess unadsorbed dye may act as a filter to reduce
the light absorbed by the dyed silver halide.

III. DISCUSSION

The outstanding feature of these data is the excellent correspond­
ence between the energy absorbed by the dyed silver bromide and the
reversal.

It must be remembered that any photochemical process is necessa­
rily the result of absorption of radIant energy by the reacting system.
In the plates as exposed in the spectrograph there fire three materials
possessmg selective absorption in the visible spectrum and near infra­
red. These are the silver halide, the dye, and the products of the
first exposure (probably, but not positively identical with the latent
image). Absorption by silver sulphide (sensitivity nuclei) may also
reasonably be included with the products of exposure. Silver halides
have strong selective absorption for radiation of wave lengths less
than 500 mJ.L; the dyes have strong selective absorption for regions de­
pending on the dye; and the products of exposure, plus silver sul­
phide, have selective absorption for the red and near infra-red,Ig
which is extremely weak because of the minute traces present.
Energy absorbed by any of these three from radiation in or near the
visible region is a potential source of photochemical reaction in the
plate, since the absorbing molecules must thereby become "excited II

0r "activated." The energy of activation may simply be transformed
to heat, without reaction; an unknown proportion is so lost in tho
plates under discussion. A chemical reaction may follow activation
either bocause the activated molecule itself breaks down, or because
the energy of activation is transferred 20 to some other species of mole­
cule, causing it to be chemically activated and therefore to react.
This second process is commonly termed sensitization or photo­
chemical catalysis. The spectral sensitivity of the plate will be deter­
mined by the primary process, the absorptIOn of energy; but the pho­
t~che~icalyield from a given en~rgy absorption (expressed when pos­
SIble ill tenus of molecules reactmg per quantum of energy absorbed)
depends enonnously on secondary chemical processes following the
prl1llary absorption; that is, on the chemistry of the system in which
the absorption takes place.

Assuming anything like equal yield in tenus of molecules reacting
per quantum of light absorbed in different parts of the spectrum, we
would therefore expect a marked reaction to be produced by the spec­
tral regions absorbed by the silver bromide and the dye, respectively,
and a very slight one in the red where the selective absorption by the
latent image IS strongest. The observed photographic reversal cor­
responds to. this assumption. The plates bathed with fuchsin and
safranine, on which the two main regions of absorption are far enough

It This process In gasesooourslargely by "oollision oftbesecond kind." Tbls8llIDe term b811 been applJed
by !.egynskl and otben to hypotbetlcal ener\y trllIlllrer from IJCnsltlzlng dyes to 8Uver bll.llde; without
denying tbe posslblllty or lIucb energy trBnsre:r n pbo~pble IJCnsltlutlon. it seems quite undesirable ID
the present state or our knowledg(' to apply the term or' collision" to B. PTOOOl3I OOOUlTlDi in the solid 8tate.
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separated 80 that they can be clearly distinguished, were most sensi~
tive in the region around 420 to 430 ID,u, since the reversal was as
strong 8S in the longer wave lengths, while the energy received on
unit area. was much less. As the absorption could not be measured
quaDtitatively in the plates, it is impossible to estimate the relative
quantum yield in the two regioDs.

In the opinion of the writers, the results ~ven by Mauz 21 are in
agreement with ours, in spite of their superficIal differences. His use
of a prism spectrograph with an incandescent source of about 2,8500

color temperature caused a great concentration of energy in- the red
end of the spectrwn. A simple calculation from the seale of his pub­
lished figures and the energy distribution of such a source shows that
the plates received about 85 times as much energy per unit area in the
spectral region 600 to 700 m~ 8.8 in the region 400 to 420 rnJ,l, as against
a ratio of 6 for the same regions in our instrument. His exposures
were, furthennore, so long as to produce reversal over the entire visi­
ble spectrum in every case, thus tending to obscure tho differences
between the plates bathed in different dyes. However, the influence
of the absorption by the dye is clearly evident Irom his figures. The
plates bathed with fuchsin and phenosafnmine have marked maxima
ill the red which are not shnred hy the other dyes. That batbed witb
pinakryptol yellow has its strongest reversal between 400 and 500 m~.
The results with pinakryptol green are more difficult to interpret, but
the appearance of the plates between 400 and 500 mJ,l, where the cen­
tral part of the spectrum is dark and the edges light, is most probab.ly
explained by a maximum sensitivity in this region, combined with
overexposure sufficient to produce the second negative. The light
edges are the result of reversal in the region of irradiation from the
more strongly e}.rposed central portions. A similar effect may be
detected in spectrum 8 (fig. 2) or tbe paper by Carroll. In Figure 2
of Mauz's paper the reversal in the region of absorption by the silver
halide, where it is distinct from that of the dye, was obscured by the
low intensity incident on this portion of the plates, but a secondary
maximum is detectable at about 460 mp.

Conclusions based on a process as complicated as this must be
accepted with considerable caution, but the field for speculation is
extensive and tempting. Tho theory of the true Herschel offect
(reversal without dyes) is apparently simple. Absorption of red and
infra-red radiation by the products of the first exposure causes them
to react, naturally destroying their effectiveness as latent image
whether tho reaction is ref;ression to the original form or not. The
photographic sensitivity IS very low, corresponding to very weak
absorption; emulsions containing iodide show the Herschel effect
with great difficulty because the traces of absorption by brom-iodide
in the longer wave lengths cause a reaction (latent image formation)
which counteracts the Herschel effect at least photographicallv, and
probably chemically. The Herschel effect may be materiafly in­
creased by changes in the chemistry of the emulsion, increase in
bromide ion concentration and the presence of traces of copper salts
being definitely established as promoters or the effect. As alkali
bromides have no absorption in the visible region their effect must be
on the secondary chemical processes following absorption.
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The possible views oC the effect of the dyes on reversal are that: (l)
Energy absorbed by the d~e is used in the reversal reaction, either
directly or indirectly I and (2) the dye, like soluble bromide, increases
the effect of absorptIOn of energy by other ma.terials, via. the secondary
chemical processeSj this is the view taken by Luppo-Cramer.22 These
theories are not mutually exclusive, since the second may apply
independent of the first. The tendency to reversal in the presence
of the dye certainly exists, since ~he rate of fading of the latent image
in the dark is quite appreciable, especially when soluble bromide as
well as desensitizer is present. This is essentially the same renction,
going on slowly under thermal activation of the dye molecules, and
rapidly under photochemical activation. Further evidence that the
dye causes a tenden~y to regression independent of its absorption of
light comes from the observed reversal by radiation which must be
absorbed by the silver bromide itself. In this case, we must assume
that the energy absorbed by the silver bromide is transferred to the
latent image. This is reasonable, since the converse process-spectral
sensitization of silver bromide by colloidal silver-is a well-known
phenomenon. Energy absorbed by the products of oxposure Ii:llst
be effective in producmg reversal in the presence of the dye, but it is
nearly negligible ip comparison to that acquired by the other absor­
bents. Our data fail to show that the sensitivity of the dyed plutes
to the red and infra-red resembles what might be expected If the true
Herschel effect played any appreciable part in the reversal proccss.
We accordingly consider that it is unjustifiable to identify the Herschel
effect and the dye reve.rsal to the extent which hiLS been common in
the literature.

The analogy between sensitization in the ordinary sense and the
reversal phenomena under discussion is evident from the data on
spectral sensitivity. It receives considerable confirmation from the
effect of variables common to the two processes. The most important
of these is the silver (or bromide) ion concentration. Increase in
silver ion concentration (up to the point where fo~ interferes) greatly
improves 23 the effectiveness of ordinary sensitization; conversely,
increase in bromide ion concentration by addition of soluble bromide
increases reverals b-.1 desensitizing dyes,U and decreases sensitization.
"Ve have shown in .Figure 7 that the action of safranine, as the result
of activation by light which it selectively absorbs, may be either, an
increa.se or a decrease in density, depending on the bromide ion con­
centration of the emulsion. We have -already expressed the opinion
that the bromide ion concentration alters the oxidation-reduction
potential of the silver halide grain with respect to its environment
through the varying adsorption oC bromide or silver ions to its sur­
faco. Further evidence that the reversal is an oxidation process is
given by Ltippo-Cramer's observations 2ri that photo-silver may be
bleached by pinakryptol yellow plus bromide in light, and that under
some conditIOns desensitization and reversal may be apJ?recia~';
decreased by the presence of reducing agents, such as nitnte. e
also have the increase in sensitization (hypersensitization) by reducing

11 "Ole &D und fO.r sleb, be!ionden In laD&wtll!&eo Oeblete vorbandlnl TlndeQ1 tur Umkehrun, dec
Bromsll~UUng (Rersebe1eft'Ilr:t) durcb die Farbstofrt InfO!&1 Kllmi50lleruD& unterstilttl wlrd."
(R&Ddbueb, vol. 3, pt. 3, p. ~.)

II Camxl and Hubbard, B. S. Jour. Researcb, vol. II (RP4881, p.~, Jn2.
10 LOppo.Cramer, 011 Klnottcbnlk, vol. II. p. m, 1029.
tI LOppo.Cramer. Pbot.lnd., vol. 28. p. 366.1'130.
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agentsJ~ and the increase in reversal by oxidizing agents.27 These
effects are somewhat erratic and difficult to reproduce, but appear to
be reaL The evidence establishes a strong presumption. that sensi­
tization and reversal by dyes are not only photographically but
chemically opposite directions of the same process.

The nature of the characteristic curves with varying dye con­
centrations, in Figure 8, may be interpreted by the hypothesis that
reversal begins when a given oxidation potential is reached. Oxi­
dation potential under constant illumination should tend to increase
with increasing concentration of dye, and with increase in latent
image. The required potential may then be built up either b:y more
concentrated dye and less image, or by an increase in image WIth the
most dilute dyes. Once the reversal process is started, it may be
able to continue without a decrease in reduction potential to the orig.
inal value, if the quantity of dye is assumed to be chemically equiva­
lent to many times the silver of the latent image.

Sensitization and reversal by dyes may be both brought aBout by
energy absorbed by tbe dye. Tbe simplest and most probable
theory is that the dye, chemically activated by absorption, then
takes part in an oxidation or reduction reaction with silver bromide
or pho~silver. The evidence from spectral sensitivity, however,
does not distinguish between this case and the transfer of the acti­
vation energy from the dye to another material which then reacts.

WASHINGTON, February 13, 1933.

• Boklnlk, Zeit. r. WISll. Phot., vol. 30, p. 330, 1932; Carroll and Hubbard:B. S.1our. Res&arch, vol. 10
(RP52bl, p. 211, 1933.

"LUppo-Cramer, Dill Klnowcbnlk, vol. 10, p. Wl'i, 1928.

U. S. 'OVUIlUIIf '.lllll.' O"ICI,I".
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A COMPARISON OF RE.SOLVING POWER AND SENSI­
TIVITY OF PHOTOGRAPHIC PLATES WITH VARYING
DEVELOPMENT

By Burl H. Carroll and Donald Hubbard

ABSTRACT

Special developers recommended for reducing the graininess of photographic
images arc all based on increasing the solvent action of the solution on silver
bromide, and decreasing the reduction potential. Five of these formulas were
compared with ordinary pyrogallol and mctol-hydroquinonc by testing sensitivity
aod resolving power of three emulsions, each developed with each of the devel­
opers. These results were supplemented by practical spectrographic tests, and
experiments with two other developers. Little useful improvement over the
standard developers was obtained in any case, as incrcascd resolution was, in
general, accompanied by decreased sensit.ivity. These results do not apply to
the pictorial use of special development to reduce grainincS8.
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I. INTRODUCTION

Both scientific and practical applications of photoljl"aphy tond to
demand a better combination of sensitivity and resolvrng power than
is now available. While recent investigations have shown that, other
conditioDs being the same, sensitivity increases with the size of the
silver halide grains in an emulsion so that there is a. fundamental con­
nection between the two, the resolving power of the developed image
is always far Ie.. than tbe limit imposed by the silver hs.lide grlUn
size. Pttrt of this is caused by clumps of grains in the emulsioD, and
part by the substitution of irregular and much larger grains of silver
m the developed imag-e for the original grains of silver halide. The
latter at least is obVIOUsly susceptible to some control by the con­
ditions of development. In the extreme case of development after
fi.'l"stion, where the silver halide grain has been removed and the silver
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of the developed image is deposited from the developing solution,
Seyewetz 1 has shown that the metal may be deposited in com­
pact hexagonal crystals quite different from tho spongy graiIl6 pro­
duced by any developing agent 2 under the conditions of Hchemical"
development.

"Chemical" development may, however, be modified so as to pro­
duce smaller silver grains, with a probable decrease in the frequency
of clumps, by decrease in the reduction potential, and increase in the
solubility of the silver halide in the developing solution. The result
is that a considerable proportion of the silver halide is reduced in
solution, fl,nd the silver deposited on the development nucleus as in
"physical" development. This type of developer was first used and
explained by the Lumieres and Seyewetz,3 and the same principles are
involved in the Hborax" developers now in wide use by the motion­
picture industry. A high concentration of sodium sulphite is used to
mcrease the solubility of the silver halide, and carbonate is entirely
omitted, so that the alkalinity is relatjvely low (pH approximately 9)
and the reduction potential is correspondingly decreased. The
alkalinity of sulphite solutions is somewhat too low and borax is
generally added to raise it to the desired value; being a good buffer,
it may be added in sufficient quantity to maultain the pH reasonably
constant during development. The use of borax has given its name
to this class of developer, although the high concentration of sulphite
is really the more important feature. Practical studies of the var­
iables in this class of developer nre given by Carlton and Crabtree 4

and by Moyse and White.'
This comparison of a number of developer formulas by their effect

on the characteristics of three emulsions was intended primarily for
choice of developers for use in difficult speetography, such as stellar
spectra, Zeeman patterns, or band spectra. The requirements may
be summariz(',d as (1) the minimum error in detennination of the
distance between closely separated lines, combined with (2) the
minimum exposure for recording the lines. The first is not determined
solely by the grain size of the linage, since resolving power is dependent
to a very large extent on fog, and contrast; the factors involved are
summarized by Sandvik,6 who emphasizes the necessity of measuring
resolving power by tests related to the intended application. The
-second requirement makes it necessary to consider the effect of devel­
opment on tpe effective sensitivity of the plate, since the differences
in resolving power characteristic of emulsions differing by 50 per cent
in speed are, in general, as great as any which can be produced by
special development. There is obviously no advantage in the use of
a high-speed emulsion and special developer if both sensitivity find
res01ving power can be equaled by a moderate speed emulsion with
standard development, and we are unable to understand how the
Lumieres and Seyewet7. 7 fire able to pass so lightly over this point.

l Seyewett, Chimi(le~ Ind.t..Special No.; 1".418; September, 1025.
I Ross, 'I'he Ph}'sics of the lJcvclopOO Silver Imago, chnp. J.
I A. and L. Lumii!reand A. Seyewe~t, Brit. J. I'hot., U. Pl". 630, 8G11; 1004.
• Carlton and Crabtree, Trans. Soo. Motion Picture Engrs., 13, Pl". 406-4<.4; 19z:l.
I Moyse and '''hite. Trans. Soc. Motion Picture EUgN., 13. pp. 445-452; 1ll29.
'SlWdvik Proc. 7th Int. Congo Phot., p. 243; 1928. ,
I A. fIIld L. Lumicre and A. Seyewetz, Sci. et. Ind. Phot.• tt. p. 128; 1928; "On compensem facilement

I'lnconv~nlent de Is. leg~re surelposltion edgoo par 00 r~v~18l.eUr en s'add.re85ant a une ~muIslon tlis
"-!n.'lible comme ooJle de III plaque Lumicre' f:tiqueUe Vlole~te '."
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II. EXPERIMENTAL PROCEDURE
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1. CHOICE OF PLATES

All tests were made with plate,,;, as tho precision measurements of
spectrography a,nd astronomy are still impossible on film base.

The Seed's 23 wns chosen as a moderate-speed emulsion of the
general type most useful in spectrography. The Speedway and Press
plates are the fastest emulsions available on glass from their respec­
tive makers. The rC60lving power most frequently become" a serious
consideration when it is necessaq to ~ this type of plate, and the
advantages of special developers may be expected to be most evident
with those emulsions.

2. SENSITOMETRY

Sensitometric measurements were made by the standard methods
of this bureau. Exposure was by nonintennittent sector wheel at
an intensity of I m candle of the quality of noon sunlight.

The Seed's 23 and Speedway plates were tested with a light source
consisting of a gas filled incandescent light operatpd at a color tem­
perature of 2,810° K. and a filter of Corning HDaylite" glass. The
Press plates were exposed to the source adopted by tho Se-yenth
Internat,ional Congres:> of Photography, an incandescent light operated
at 2,360° and· the corresponding Davis-Gibson filter. The differenco
in speed numbers with these sources appears to be within the limits
of error of sensitometry. Development was carried out at 20°
usi.ng the brush method for the developers where the maximum
time did not exceed 12 minutes. The slow developers, requiring 30
to 120 minutes, were neces.sarily used without agitation; the plates
were left emulsion up in the solution and did not develop the streaks
which ure liable to occur in a vertical tank. Dencities were measured
in difTuse light, the fog density being automatically subtracted; u.sing
backed pIntes, the fog strip was uniform throughout. Speed numbers
are la/i. Where a single number is given, the curves cros3Cd on the
exposure axis within the limits of error; a noticeable shift with time
of development is indicated by the use of three speed numbers.
Some indica·tion of the changes in the underexposure region is given
by the density at an exposure of 0.0294 candle meter second; the
exponent (as DJ:~) indicates the contrast to which the plate was
developed.

3. MEASUREMENT OF RESOLVING POWER

Resolving power was measured with the same parnllel-line test
object and lens used for this purpose by Davis and vValters,8 their
procedure being in complete agreement v..-ith the later recommenda­
tions of Sandvik.1I The test object consists of groups of six pnralJel
lines separated by spaces of equal width, in which the density exceeds
that of the lines by approximately 4. This was photographed on
the backed test strips at such scale that the distances between centers
of lines in the image varied from 8.3 I.l to 25 p. Each test strip was
p,iven a series of exposures increasing by a factor of about one-third.
rhe performance of the lens atj/ll was found to be slightly superior
to that at}/lQ because of the distinct appearance of diffraction at the
;:;maller stop.

I Davis and Walters, D. S. ScI. l'!lper No. 439.
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Plates were developed to a contrast within their nOlms} working
range. On completing the sensitometer te3ts, 'Y was plotted against
the time of development, and also against the corresponding values of
fog, and the required time read off the curve. As a check on the inter­
polation, sen3itometer e~sure3 were developed with each set of
resolution tests strips. Except where excessive fog would be pro­
duced, the Seed's 23 plates were developed to a l' of approximately
1.5 and the Speedway to approximately 1.0. The Press plates were
developed to what was judged, from inspection of the curve of 'Y
~ainst fog, to be the optimum cont.rastj we consider the results
WIth this emulsion the most satisfactory.

The- greatest uncertainty in determination of resolving power lies
in assignin~ a number to any given test image. The strips were
observed Wlth a binocular mICroscope with 25 mm objectives and
10 X eyepieces under lighting conditIOns found to impose very little
eyestrain. A considerable number of readings were also made by
projection at 800 diameters, the image being observed from 1 or 2 m
distance; the light intensity was too low for comfort] and the results
while in reasonable agreement with those by the otner method, arc
considered less satisfactory. The criterion for resolution which was
applied, was that all six lines of a. group should appear suitable (or
dcfinit..1 settings of a cross hair. The resolution number assigned to
a test strip was the minimum separation resolved at anyone of the
series of exposures. All tests were made in quadruplicatej the num­
ber given in the tables (or a given emulsion, developer, and observer
is the average of four st.rips.

Throe or four observers were used in all cases. The identity of
the test strips could not be entirely concealed from the observers,
but there is little evidence of prejudice. The errors of observation
will be discussed with the results.

4. SPECTROGRAPHIC TESTS

Some of the developers were compared under conditions of actual
spectrographic wC?rk. The carbon arc band at 3,883 A was photo­
graphed with the large grating spectrograph of the spectroscopic
section of this bureau, using a concave grating of 21-foot radius,
15,000 lines per inch and a 5 Il slit width. After careful focusing on
backed lantern-slide plates, Speedway plates (emulsion 2469) were
s-iven a ser·ie's of eight exposures each to the sarno source. Figure 1
IS a reproduction at ]63 diflmeters o( t.he band hl)ad on the lantern
slide focus plate and on Speedway plates developed with five formulas,
the best exposure in each case being selected (or enlargement.

S. DEVELOPERS

(a) MATERIAL

The developing agents were commercial materials passing the
United Stat-es Government specifications wlth the exceptIOn of para­
phenylenediamine (base). This is very unstable in air. The avail­
able material was twice sublimed under reduced pressure at the start
of the investigation, the product being white and giving a nearly
colorless solutIOn, but it was distinctly darkened in a few weeks.
Sodium carbonate was assayed by acid titration, and sodium suJ-
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phite by iodine titration. The amount$ given represent actual
Ns2C03 and Na$03i U. S. P. borax wss twice recrystallized for use.

(b) FORMULAS

Pyrogallol.-This is the developer normally used. for sensitometry
at the Bureau of Standards:

Stock solutioos:

Iwnter- _.•_- - - - - - - - - - - - - - - - - - - - - - - - - - - - - .ml. - 1, 000A PyrogalloL g__ 60.0
Potl\8&ium metabisulphite g__ 12.0

B{Watcr • mL _ 1,000
Sodium 6ulphite g__ 95

C{\Vater • • AmI. _ 1,000
Sodium carbonate. .g. _ 70

For use, 1 volume each of A, B, and C plus 7 volumes of water.
Ooncentrated metol-hydroquim:me.-A developer of the universal

type much used for practical work at this bureau:
Water mL _ I, 000
Metol g__ 1. 6
lIydroquinone g__ &6
Sodium sulphite g__ 21.3
Sodium c~rbonate g-- 30.0
Potassium bromidc_. g__ .75

Dilute metol-hydroquinone.-Recommended by Lurnieres nnd Seye­
wetz 10 us giving a. slight reduction in grain SIze, equivalent to the
Metol-bydroquinone-borax formula:

MctoL g_ _ O. 16
lIydroquinonc g_ _ . 30
Sodium 8ulphite g__ 3. 0
Sodium carbonate g__ 1. 6
Potassium bromide g__ .2
Water to make liter__ 1. 0

Metol-hydroquiMne-borax.-Recommended for reduction of graini-
ness in motion-picture negatives: 11

l\fctol g_ _ 2. 0
Sodium sulphite g __ 100
Hydroquinone • g__ 5. 0
Borax g__ 2. 0
Water to makc Iitcr__ 1. 0

Carlton and Crabtree 12 state that graininess can be further
decrease.:! by reducing the concentration of developing agents in this
formula to one-half, other concentrations being unchanged.

Metol-boraz.-Recommended by Moyse and White for use with
motion-picture nega.tives. ls

Met-oL g_ _ 2. 5
Sodium 8ulphite g_ _ 75
Borax g_ _ 5. 0
\Vater to make liter__ 1.0

p-Phenyk1UJdwmine-borax.-Recommended by the Lumi~res and
Seyewetz 14 as llgiving the best results!'

,
10 Lumleres and S6yewet~,Sci. el. Ind. Phnt.• SA. p. 126; 1928.
II Crn!Jtroo. TrlUlll. Soc. Motion Picture Eng., p. 77; 1927.

II MOY~ and White, Trans. Soc. Motion Picture Eng., 13, p. 446; 1m
H Luml,)res and Se)'ew\ll~.ScI. ct. Ind. Phot., 1A, p. 108; 1927.
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p-Phcnylcncdiamine (base) .g. _ 10
Sodium sulphite. .g. _ 60
Borax g__ 50
Water to make liter__ 1. 0

p-Phenylenediamine-carbO'TUlte.-The Lumi~res and Seyewetz 15

state that this formula gives more rapid development aod better
density thaD the diamine-borax, but the grain is noticeably coarser.

p-Phcnylcnediaminc (basc). .g. _ 10
Sodium sulphite. .g. _ 60
Sodium carbonate g__ 3.0
\Vater to make liter._ 1. 0

llydroquinone-borax:
Flydroquinone g__ 5.0
Sodium 8ulphite g__ 75. 0
Borax g_ _ 5. 0
'Vater to make Hter__ 1. 0

Physical developer: lt'

Metol g__ 25. 0
Citric acid g__ 50.0
20 per cent gum arabic 8olutioll mL_ 50.0
Water to make liter__ 1. 0

For use add 2 ml of 10 per cent silver nitrate to 50 ml of the above.
Of these developers, the pyrogallol and concentrated metel-hydro­

quinone are common practlcal formulas. The metoI-hydroquinone­
borax and met-ol-bora.'( fonnulas, ,,,'ruch can now be classed as practical,
are based on the use of high sulphite concentration and greatly reduced
alkalinity with a developing agent of high reduction potential; the
rate of development indicates that only a small proportion of the silver
in the developed image can be derived from the slow process of solution
of silver halide and reduction in solution. In the p-phenylenediamine
developers the" chemical" development is greatly decreased by the
use of a developing agent of low reduction pot-ential,J7 and reduction
takes place at a low rate which probably corresponds to II physical"
development. The hydroquinone-borax formula is comparable to the
p-phenylenediamine-borax, in reduction potential and solvent action;
It was introduced only to see if a specific effect of the developing
agent on the resolution was detectable, as we did not expect it to be
of practical value. Physical development is known to have a favor­
able influence on resolution both by its effect on grain si~e and because
it gives a surface image free from the effects of irradiation. It might
pe of value in spite of the known depression of speed in case it made
possible a resolution which could not be obtained with any emulsion
by normal development.

III. DISCUSSION OF RESULTS

1. SENSITIVITY

The sensitometer tests of the three emulsions listed in Tables 1,3.
and 5 show a. wide variation in effective sensitivity of a given emulsion
developed with the different fonnulas. This variation increases with

If Lumlires and Senweu. Sci. et. Ind. Pbot. SA, p. 126; 1928.
"Li.lppo-Cnuner, Pboc.. Ind., II, p. 660: HUh.
•, Nietl, Theory or ~Vdoi)IlleD~, I'll.t.es p-pbenyleoedlllIDine hydrocblorlde a~ 0.4 and metola~20, hydro­

qulnooe beil1i 'aten lIS 1.0j p-pbenylenedlamine base probably has a slightly bJ&her potential1haIl its saU.
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tbe speed 01 the plate, but. the order in whicb the developers laU is
practlCnlly the same for all three emulsions.

The specinl developers with high solvent action and low reduction
potential (p-phenylenediamine-borax, p-pbenylenediamine-carbonate,
hydroquinone-boTs...x) caused a very considerable depression in speed j

in the extreme case or purely physical development, the loss was 80 to
90 per cent. The dilute metol-hydroquinone developer, which would
be closely reproduced merely by diluting theconccntrated formula. to ten
times its volume and doubling the bromide, gave normal speed num­
bers, but, by faT, the worst fog for n. given contrast.

The metol-hydroquinone-borax and metal-borax developers some­
what unexpectedly gave higher speeds than the standard formulas,
and better densit.ies in the underexposure region at moderate values
01 ~.

TABLE I.-Sensitometric characteristic of Seed's S3 plate (emulsion No. 7855) with
the different deveWpers

[Figures in jlflrentheses IndiCll.te time of development in minutes}

,
Developer

s_ D 1.~
Y Fog

O. ""

Standard PYl'Oll:slJoL _.. _______ •_. ___ • 230 ,>2 (3) (') (12) (3) (G) (12),... ...0 ,'" 0.07 ... 04
Concentrated m~tol·b)·droqUlnOI)(l••• .. .00 (I. ~) (31 (G) (1. ~) (3) (G)L" ,'" '17 .CO .,. .<1

Dilute metol·bydroqulnollfl••••_. ___• ". (30) (00) (I:oll) (30) (00) ,>20)._...... ... ... 1.30 .31 ... 1_12
Metol-bYdroquinooe-boraL._•••••••• .., .lJ (3) 'G) (12) ,» (G) ,,»

.13 I.lJ 1.00 ... ." ."
~f ttol·boru______ .. __ . ___ ..••••_••••_ 330 ." (3) ") 'I» (3) 'G) ,,»

.77 '.30 I." .111 ." .33
~PbenYIeDedlamine-OOra:r:_•••••••••• !G' .10 (30) (00) (13» (30) (00) (I:oll)... 1.17 1.00 .lJ ... ."
p-Pbenylenediamine-carbonate.•••••• ,.. .CO (I~) (30) (50) ,,~ (30) (00)." '.l11 1. :U ." .21 a ..
Pbysical developer 10"..•_••__ .•__ ••_. H~)~ I (10) (30) '«I) (10) (30) '«I)

«Ii" .00
.77 '.30 ,... ... .10 .!G

TABLE 2.-Resolution of Seed's 23 plate (emulsion 7855)

{The resolution is expressed In mlcrot13 spflClng ot the closest set of lines resolv&d, and values are rounded
to 0.6 /ol J

Resolutlon lIS determined by
observer

Developer y Fog

C D R S

StaJ)dard pyrogallol __ .. _... __ •__ •.•••• _.••..•. ___•••__ '.00 '" '<0 '<0 '<0 ,<0
Concentrated metol_bydroquiDOlJe_ ••••••••• ___•__ ._•• '" ." 14.0 '<0 '<0 14.~
Dilute meto!.bydroquinone.. _••••. _.. __ .•____ •• ______ .M .17 14.6 ,<0 17.6 1<0l\fetol·hydroqu!none-OOru.___________•• ______________ 1.57 ... ,<.0 ... '10 ,<0
Metol-boru______ . _____ •• _.•••••_._._ •••••__ •_______ ._ 1.33 ... '10 ... ,.. '"".Pheny)enedlamine-borU____________ •• _. _____ •_. ____ 1.3' ... '10 ... 14.6 ,<.0
~ PbtnYlenediarDiJle..cllr"bonate.._._ •• __________________ '.37 .Z7 ... ... ,.. ,<0
hys~____ ••__ •___•__ •_________._. _____ ••• __ ••••_. __ .30 .CO '10 '<.0 ,... ,..
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TABLE 3.-Sensitometric characteristics oj Eastman Speedway plate (emul"ifm Nos.
1!!)67 and 2469) with the different developers

[F~ In parentheses Indicate time of development In minutes]

Ernul·
DI.ODeveloper sion

S_ , Fog
No. 0.'"

r~7) 400 ." 1(3)
(" ('~ (3) (" (12)

StandlU'd p)'l'OiDlloL.•.. _. _______ 0.70 1. 10 .. 30 .., 0.18 0."

(M69' 4., ." (3) (0) (12) (3) (O) (12)." .86 .. 33 .00 .>l .37

c.:oDcentratlld metol·hydroqu!- (2"" 300 .121~(::~~
(3) (0' (1. 5) (3' (.,

.. 33 1.,52 ." .>l ."none. 17 (30) (OO) (IW) (30) (OO) (lW)DUute met.ol·bydroquinoD(l. ______ (2"" 530 . .45 ." .05 ." .32 .'"
Metol-hydroqulnone-bollU .•. ____ (2351) ,., .'"

1

(3) (6) (12) (3) (0' (12)
.M .n .In . ., .2<) .32

f24ll9) '25 .2<) (3) (0' (12) (3' (0' (12)
.45 .'" 1.10 .05 ." .'"Me1ol·borax______________________
(3) (0) (>3) (3) (0) (12)(2357) 430 ." .86 .88 ..,,, ." .>l .30

{Jil~ } 1(3)
(0) ('" (3' (0' ('"Meto!·!>ora,x+<!.5 g KBT/lileT____•. (2357) .25

. 'I .n .. 00 .114 .09 .1'
p-Pbenylenedlamine-borlu. _..•.. "U" 210 .11 ("') ("" (120) ("') (OO) (120)

.72 .87 .. 05 . I' .>l .39

1)-Pbenylenedlamloe-carbonate ___ (m7l

r'~ l···~~·!""
("') (120) (30' ("', (tal)

(I~l~ .'" .05 .00 ." .30 .41
~2)31 (3) (4) (8) (2' (4) (8)

Physlrol developar 20~•._. ________ ("'n 41"(8 52 .rn .'" 1.06 .., .13 ."
TABLE 4.-Resolution of ~Q.$tman Speedway plate (emulsion 2357)

[The resolution Is eIpressed lIS microns spacing of the closest SIlt of Unell resolved, and values are rounded
to 0.5+ III

Resolution Ill! determlned.bY
observer

Developer , F",

C D n S

Standard pyroggJloL ______________________________"._. "" 0.15 ,.. 16. ,; 17.5 1<0
Co;moentrsted metol.h:ydroquinone. ___________________ .87 .06 '"' 17. (j 17.6 17.0
Dilute meto]·hydroqulDone. ___________ _." ____________ .47 ." '<0 19.0 19.0 .. 0
Met.ol-hydfoquinoll&-born.__. _... _. _. ____ • __ . ________ 1.00 .36 ><' .., .., 17.5
~fetol·borax_____________ ._. _______ .• _•• _______ .• ______ ." .>l '4.0 .., 18.5 1<5
p-Pheo}"lenediamine-borBL _________ . ____ . __ ... _______ .In •36 14.0 15.0 1<5 ,..
p-PbenYlenedi~inlHillbonll,te ___ • ___• _. ______________ .72 .'" 16,0 17.5 1<0 ,..
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plate (emuln&n 4(63)characler'Utia of Hammer Pru4
with the different devdopera

{Figunls in pannLb_lndleate time of development In Illl.nut&]

TABLE 5.-Semiiometric

".",...,
s_ DI.. I y F""'.020

Btal:ldlll'd pyrocallol••••_________•__••••••• .. '32 (3) (Ol (I~ (3) (0) ,,~... 1.1< 1.33 ... .13 02'
CoDeeotrated metol·hydroquinone•••••••• ... ... (I. ~) '" (Ol (U) (3) (0)

1.00 1.40 L61 .1< .12 ."
DUute metol-bydroquincme. _____••__ ._••_ ""

(l~) (30) (Ol) (15) (.,) (Ol)-------- ... .01 .77 .00 .17 .33
Metol-bydroqulDoD6-bonu...••__•••_••••••• '" .33 (3) (0' '(3) (3) (Ol (12)

.40 .70 UIl .1< . 13 ...
:M:etol·bonu.•••________________________ ••••

'" ... !(3)
(') (12) (3) (Ol ,,~

." .52 1.13 .In ." .::1
p-Pbeoylenediamlne.boru________________ '" ." ,." (00' (I:Kl) (." '00' (l2(l)

.os .os 1.13 ." ." .21

p-Pbenyleoedla.mln&-e&rbouate...•••••••••• 300 .22 I('3
(.,) (00' (16) ,." (00)
.73 .52 ." ." ."{~~p~ I (30) (00' (l2O) (30' 'Ol' (120)

Hydroqulonn&-bonu:. __ ._•••_. _••••••••• __ .17
(lW "00 .33 .70 1.00 .., ." .40

TABLE 6.-Ruoluti&n of Hammer Pra, plata (emuUion 4063)

(The resolution Is expressed In microna epec1n,g of the dOBeSt lIet of lines reIIOlved, and valUI!liS ue rounded
to 0.5 ~l

RelIOlution 11.'1 deter-
mined by observerDo_

T F""
D H a

BtaDdard pY1'OllaUoL._••_._ ._._____••••••_•__•••_________.______ 1. 1" ." '" ... ...
Cooorouated mttol-hfdcoqnjnMll___ nn..... _ ••• _ ... n __ n __ 1.34 .u lU 'U ...
Dilute metol-hydroqumone••••••••••••••••••___•______________ .00 .u 11.0 11.0 ...
Metol·bydroquinOD&-bonu:____• _____• _•••••_•••••••••••_••____ l.m ." lU 'U '"
J,ietol·boru____•••_._. ___ ._._••••••••••••••••••••••••••••••••_ ." ." ..1l ... ,..
p-Pheo)'lened1amln&-boru••_._. ____•••••__ •____ •______________ ." ." ". 1<4 ..,
fiPhenyleoedlaw.inllo-eUbooate•• - --.-••••••• -•- •••-. -.-. --.--. ." ." ><1l 14.0 'u. ydroqUlDOn&-bof'Il.r.._______••••••••••••••••••••••••••_. ____ .07 ... I.' 1~.0 ".
T ....BLE 7.-Rati11f1 of deveklpera, on reaolving power only, by 1M different observers

ITwo or thr~ number'S are assigned where the resolution numbers tor the oorrespondlng developers were
'dent1~IJ

Numerical order or the d0gelope1'8 on scale ot dt>cZ'6IlSing
resolutlon

Ob8crver 0 Observer H Obsez"9er S

...•...,,
1-3
1-3

......,......
2
1

......,,,
1
2

7 3
3 3. ,
• •, ...
1 1
3 ...

,,,
3
2
1•

7••,
2
1
3

2
3
7,........
1

2...
7,
•1...

Sl.&Ddard pyrogalloL _. __•• _. __ •• •••••_.
Concenlrated metol-hydl'OqulooDe ••_._.
Dilute metol·hydroqutnone.. •• _._. _. _._
MetoJ-hydroquinoD&-bonu:_••• ••• _
Joletol·borU ._. ••• •• _•••••••
p-Pboenyleoediami.D&-borU__ •••• __••••••••
p-l"!leny)eD8C:UamiD&-C3tbooate.• _.. __ .• _"
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2. RESOLVING POWER

The discrepancies between the observers are of the same order as
the differences produced by the developers, so tbat the only unquali­
fied statement possible is t.hat the development has littJe effect on
resolution. This is disappointing, since both our own photomicro­
graphs and those of the Lumieres and Seyewetz 18 show distinctly
smaller silver grains in the inlsges developed by the special formulas,
while the increasing use of the metol-hydroquinone-bora"<: developer
for reducing graininess in motion-picture negatives indicates that this
type can decrease the number of clumps of grains. It seems necessary
to conclude that resolution as measured by the standard test is not
directly dependent on grain size, or on the factors controlling graini­
ness. Preliminary experiments on the accuracy of setting a cross
hair on fille lines developed by standard and special formulas gave no
indication of any marked inlprovement; refinements on the technique
employed will be necessary, but we believe that a study of the factors
influencing accuracy of such distance measurements on plates might
be of greater utility than the usual detetmination of resolving power.

Table 7 shows that the individu~ observers were more likely to
agree on the order in which they placed the developers than on the
absolute magnitude of the resolution numbers; there was, however,
also a tendency to individual preferences for or against one or two
developers, which were maintained on all emulsions and which can
not be ascribed to previous bias. The data indicate:

1. Both p-phenyleneCi~mine formulas, the hydroquinone-borax,
and the physical developers, improved resolution over the standard
formulas. The physioal developer was no better than those first
mentioned.

2. The metol-hydroquinone-borax and metol·borax developers were
no better than the standard pyrogallol or metol-hydroquinone in their
effect on resolution.

3. The dilute meiol-hydroquinone formula gives probably the worst
resolution. It is interesting to compare this with the concentrated
formula, which gives a much coarser grain, but is so far superior as to
contrast and fog that resolution is distinctly better; on a test object
of lower contrast ratio, or in actual spectrographic work with faint
lines, the superiority would be more marked.

Such improvement as was obtained was as distinct with the Seed's
23 as with the faster plates. The Lumieres and Seyewetz 18 report
that in the case of a process plate the grain is practically independent
of the developer.

In spite of the negative results of the resolution test, there has been
general agreement that the spectrum plates developed with the metol­
hydroquinone-borax and metol-borax formulas show more detail than
the plate developed with the concentrated metol-hydroquinone; this
is unquestionably true with thep-phenylenediamine-borax. Viterbi 19

has already illustrated good results obtained with the IDP,tol-hydro­
qu.i!10ne-borax formula, but unfortunately gives nothing for com­
panson.

Ii Viterbl. l'rOo: tfh iut. Congo Phot., pp. 366-367.
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The resolution number and silver ~rain obtained with the hydrcr
quinone-borax and p-phenylencdiarmne-borax developers are very
similar. We doubt that the latter reducing agent has a specific
influence independent of its reduction potential.

3. UTILITY OF THE DEVELOPERS

Judging the developers by their effecti both on resolution and
sensitivity, it appears that none of those tried offer a marked rrn,Pfove­
ment over the standard formulas. The p-phenylenediamine
developers are unfortunately eliminated by their effect on sensitivity.
By way of illustration, the Press plate, developed with p-phenylene­
dinmine-borax to a'Y of 0.75 and fog of 0.19, has a speed of 215 and
resolution numbe:f of 15; the Seed's 23, developed with concentrated
metol-hydroquinone to 8"Y of 1.45 and fog of 0.06, has a speed of 200
and resolution number·of 14. In practice, the use of the latter com­
bination is very obviously preferable. The metol-hydroquinone­
borax and metal-borax developers .increase the effective sensitivity
and may appreciably improve the detail of the image in some cases.
They are thoroughly practical developers if it is remembered that they
nre quite sensitive to the soluble bromide which accumulates in use.
A small amount can be compensated by increasing the development
time (see Table 3) and may be an advantage; hut it is well to remember
that in most scientific applications of photo~raphy the overhead
expense on a given exposure normally makes It very false economy
to endanger results by saving developer.

IV. SUMMARY

1. Six developers characterized by_incroased solvent action on
silver bromide and decreased reduction potential have been compared
"lith standard pyrogallol and metol-hydroquinone formulas. The
comparison is based on (a) sensitometric tests. using three emulsions;
(b) tests of resolving power by the parallel-line test object, using the
same emulsions; and (c) spectrographic exposures ....-jtb one of the
emulsions.

2. Only the developers with lowest reductionpotential effected an
appreciable improvement in resolving power. These developers are
of no practical use because they greatly decrease the effective sensi­
tivity.

3. The" borax II developers used in motion-picture laboratories are
satisfactory for spectrographic work, but improvement over the
standard formulas can not be expected to be large.

V.ACKNOWLEDGMENTS

The resolution test object was prepared by Raymond Davis,
photographic technologist. We are also indebted to him and to
B. F. Scribner (or assistance in examination of the test strips.

'VASHINGTON1 January 6, 1930.

u. I. COvnMW'. t U'NTI~C C"'C., 'no



INDEX

""

101
"

"n
232, 26S

2"
12, 1J. 91, 113

2Z7
118

113, 12S. 132, 133, 227

'"169

I"199
124

m

""2)0.14'
234,14'

229.2J.t,2J5,236.237
160,..
'"

192

"'2
S4. 143. IH

21
247,248, 2S4, 260, 261

31,134

2"

"2Z7

I"
31,78.89,92.93.133,153.194

160
«. 85.9J, 116

211

249

201.204.231, 24\, 242.14'
32.41

2Z7

274

232, 243
28)

2«1

'"232

'"'"232
233

foj<llt$

frigl
F08

durinl stonac
effect of Knsitizina dyes on

silver ion conec:ntralion 00

Lw....." KiMot Co. 30.201,249
EUr 12. 13, 34. ".91. III, Il2, Ill. IH, /76. 193. 196. 213,

2Ui,127. 230. 247. 249. 2S7
140, 1H. 2ll. 146

J)1

91.141
192

,.,.."
Eirwrin
Electrometric: IIIClllIuremc:rns
fllUMI/,P.I/.
Emulsion makinl

!Ie( Photolraphie emulsions, preparation of
Equilibrium in aclstin-silver nitrate solutions

(Ioc'trometrie titration

H"""""...
H_
1I~'lwig

H('SCMI
HerlC~1 o:lTect
lIiek",an
1Ii/:II:h
lIilehrock
Hodaku",
Homolka
IIwdson
lIu"('

H."
I ypcrKnsit;ution

by balhinl .. ith
ammoni.
hydlOJCo pcrQxic!(
sensitizinl dyes
silver tunpt.ate
.....,el

cbemic::aland KnsitollXtri<: data
m«banism or
orCOlllfflCrit:aI emulsions
nl cxpc:rimental emulsioM

DiantiOll {"'~t.l
sen';t;,ily durinl

D......
Dil'tul~......
Donnan equations
D~JJ/),,,...
D:i.IM

~ickt

Gelatin in c:m\llsions
titration e\l1Ve or

Gclatin-sih-cr nitrall: solutions
equilibri\lm ;0

Gcbt;ns. pbotOirapbic:. Comparison or
G.....
Gibsool. K. S.
G""',
"'-'-.G._

2M
".2M

m

"B,tH

""".."
""n
"13

""....
'"".
217

I"..
81

21'
193
123

267
267
2M
267

31.264.268
268
267

95.127
-42,91

"22l
222.121

"I"'''0'
"221,117,241,242, 243, 146. 262
32

I2J
II)

66.9J

'"21
117
212

121.145

' ....'bow,
Afler-ripeninl

by diJc:slion
efJea of bromide ion cooomtration

chloride ion oooomtration
Fl.tin
make or blatch of retatiD
ICwill-silver halide ratio
b,ydro,m ion oooomtration
lIude" xnsil~
pl:~III'p:ofiodide in lbe silver halide
lemper.lure

durilllllorage
circa of hydro.," ion concentration

bromide ion concentration
pinacy_nol
ICnsitizer concentr.tion

meo,:h.ni,m of
orneulr.l emulsion)
sensitization by
stability.nd

A.....'k"" Chemical So<:lCI)'
Ammoniac.1 emulsions see Photographic emulsion,
AnderJOII
Arc",

C"lzaCIl,a liS
Co.pJl(JfI 155,157,161
Carty r- 44,142, 145
Carlroll 264.267
Chllp"'/I11 JOII'I 139
Cla.k. W. 30.98.141. m, 153, 155.156. In,176. 239, 146
Clarkt. W. "'o'4f"'" 98
C'ablru 264.267
Cl)'stal habit of Irains 22
Dat.... ID. 160.176,117.230.231,232, 233. 245. 26S
Dow. RO"In(IM 57. 6S, IJI. 273
Desensitiution 247

see also R(versal
[)e".dopc:n

formlllK
c:hemal
fIn( J1R.in
pbysit::al

~'"sensitometric:
Developn'l(tlt

eMmal
physkal

DIgestion
'" abo AfteT-ripeninl

Barw:.oji
BaWwfcII-­8«,,,"cl..~
';..n­,........
&N:lllil<
Bmig
BrWfn
BrltWl P1IoIOfrapllic IleM<rn::II JWoci<l'ru)JI
Bro.uwl
B.o..... Mabel E.
8ull<1#1
BIII/ock
SldftJII of C!le..wtrlIlM Soils
BlUlca



NOIWIIOI Bu,eau ofSla..dards O[lhe U.S. Dep"rrmenl
o[Commerce 11,36,53,56,59, lIS, 229

NebleUe 55
Nee/and. G. K. 56, ~7, 92,160,176
Nlelt 268
Norrlu-up 96,97,98, !OI, 104

30

,os

'",..
'W
,OJ

'"'"'"
'",.
'"57. 59.g6,92

,.
'""73.111.113, Il~,121

1l7,121

'""'"".
202, 227

97,107, lOll, 137, 140, 141. 143. 147, /53
31.156, /76

264,265
97, !O7, !O8, 137, 140, 141, 143, 147, 148. /53

242.246
230.145

"32

"m
42, g2, 108

'"12, 73, 74. 92, 97, 113, 114. 116, 130, 131, 149, 1SI, 152,
153,198.146
l2. 131. 192

"17, n, 42, 92, 93, lOll, 204, 257

"3
'"'"'"'"'"'"'"'"lIS,272

•

Quirk

Randall
Rawlill!J

Photographic emulsions-preparalion Qf e,perimental (cont.)
neutral 16,33
reproducibility of 11
."I"hilily Qf AgBr;n 18
tests 17

sensitomelrk properties of 24
sensitometry Qf 56, 160
spectral sensitivity Qf sulphite·sensitized 161
sulph;le'sensit;~d 15S

bromide ion coneentratiQn or 170
errect of sulphite coneentratiQn 163

sulpbile added before washing 171
fugof 169
hydrogen iQn concentration of 169
spectral sensitivity of 161
stability Qr 169

t~ts 17,~,56

Photographic plates
effect of bromide ion conc<:ntratiQn

hydrogen jon conc<:ntration
preparation of experimental
sen';tometry of
nabilityof

Physical de"elopers
see Developers. physical

Physical development
see Development. phY$ical

Pi~r

Pi=zighelli
Poelschke
Pohl

'"'"P,elSchne,
PUnnell

Sand.'ik
Schmidl, H. H.
Schmi~seMck

Schumann
Schunk
Sch..'artz
Sehweitur
Scribner, B. F.
Seos~

Sens;t;vity
effect of bromide ion conc<:nlratiQn

digestiQn
gelatiw-wver ralio
hydrogen ion concentration

during digestion

Reinde,s
Reinhold
R~nwick

Re,,-,lv;ng power
experiments:

choice of plates
developers

developing agents
formulae

measuremem of resolving power
sensitometry
spectrographic tests

with different developers
Reversal

by desensitizing dyes
by long spectrograph e.posures
effect of bromide and dye concentratiQn. Qn

spectral sens;t;vity Qr
Ripening, definition of see also After·ripening

'""RWJs~1I

"'"
20

"188. /92

""'",..
'"'"".".

234,235,236.237

Ill, lSI, 1~2, /5), 238

B'

""I~ 33, 58. 11 S, I 19: IS8
15.19, ))

12~ "'".'''

238.146

"248,249.257,260
192,146

44, 8S, 93, /76
/76. /92
202.227

97, 149, 1~1. 152. 153. 246
264,267..

31, 134, 221. 227

~7, ~9, ~I:>, Y2
20

212, 249
221,227

92,140,143, /B
222, 227
202,227

""92, 13S, 11~, 193.221. 24S, 241
96.91.101,104

Polilzsch
Pouli
PO"'elko
Photogra.phic emulsions

analysis of
bromide ion coneemratiQn
non·halide silver in

by cyan~ fixatiQn
by extraction with nitric acid
by the Weigen and Liibr melhod

soluble bromide in
equilibrium with ammonia solul;ons

Donnan equal;onS
gelalin in

effecl of halides
gelatin""i]ver ratio

preparation Qf experimental
ammoniacal
effect or different bmmides in

Ostwald ripening
O,,·~IIS

"48,49
222,227,258

100.103

'"1~7, 18~

'""95,%,97

"30.134./15
30,60,89,91.93,131,138,139.140.141, 142, 143.144,

145,141, ISO, /B, 1.56, 164, 165, /76
Lumitre, A, 264,267.268,272
LumUre, L. 264,267,268,272
Lr'lppo-C,ome, 13, 30, 32, 31, 43. 54, 55,.56. S8, 86, 92, 93,

Ill, 114, 134, 15S, IS7. /75, 176, 198, 199, 217, 221, 227, 236.
246,247,248,249,253.254.255, 2S7. 2S8, 261, 262, 268

Kahlbaum
Kee",m
Ki~ur

KOg~1

Kallhaff
Kilnif1
Kr~IChmoll. C, M,
Kunilz

Jones,.ld

Mu,asca
Mawla
Mauz
Mee.
Meuleru1}'k~

Me)'e,
Mills
Mildrell
May",
Muller

'"'"Lalent ;mag~
se~ also sensitivity nucle;

u~ds

I.e.,},e,
usz)'nski
u ..'is
Liebig
Lippmann
Lippmann emuls;ons
Livingston

""0
Lolfermoser

LOI·~'''..d
Luh,

275

•



"

'"'"

'"'"'"'"'"'"
""'"203

"'"'"'",..
220

'""

".".
20

'"'"'69

'"J2
86

""24.30

95, III

"98,111

'"'"98
'OS
'OS

D, 114, DI, D2. D3, 134
18.93

""..
""

151,112,176

'"m
132, 229
151. 195

204,221.227,246
18, 2~

61,92.101.114,176,230.232,145
117,230,231,233,]45,265

"20

'"

m
237

"222, 127
30.31

30.31, 43, 44. 85, 93, D4, 175, 176, 127

"

'"'"'"30.60. 89. 91, 93.134,137,138.139,140,141, 142,
143,144,145,147, ISO, 153, 156, 164, 165, 176

92.114,176,193.195
264.261

44,142.153
30,31,43,93,112,113,133,134

44,85,93

"m
N.B. The numbers in italics are those of the pages of the biblio­
graphies.

V"lellla
Vick
Vile,bi
Vogel
Volhard
von Hubl
Von Weimarn's tbeory
Wall
Walters
Walle'S, F. M.
Wallon
Warneke
Washed emulsions

oomposition of
speed of

WarerhQIIsc
Weigert

Tab",n
TllOmps<:m, M. R.
TlwrlU'-Baker
ToileT!
To,
Trit'eUi
Tubandl

Sih-er ion-gelatin equilibrium
app.aratus
effect of hydrogen ion concentration

siloer ion concentration
effect on sensitivity
ele<;tromctric mcasu",ments
in silver bromide-ammonia~8elatin solutions

effect of gelatin on
SImer' Price
Smilh, C. R.
Sols: Preparalion of

gold
silver
silvcr iodide
silver sulphidc

Solubility relations of sih"er bromide
in allyl thiocarbamide solutions
in sodium sulphite solutions

Soren.ren
Spectral sensitivity see Sensitivity: spectral
Spectral sensitization see Sensitil.lltion: spectral
Stability

of photographic plates
effect of hydr08en ion concentration on

of sulphite-sensitized emulsions
Sleigmann
Srock
Storage ripening
SlOrch
S.edberg

Wenlul
White
Wiegel
Wighlmun
Wilsey
Win/her
Wolff

2"
39

46.51.,..
39

""'"'"'"'"'"
'"'"'S;
"S

111,124
263
ISS

'"'"'"2"
'69,n

'"'"

Sensitivity----..ffed of bromide ion concrnt ration (conI.)
sil,'er ion conc<:ntration

measurements of
of sulphite-sensitized emulsions

effe<;t of sulphite concentration
spectral sensitivity of

of was bed emulsions
and resolving power

with different developers
review ofliterature

Sensitivity: spectral
tests

Sensitivity nuclei
sensitil.lltion of

Sensitization: chemical
by after-ripening
by COlloidal materials:

gold
effe<;t of pH on

silver
sihcr iodide
silver sulphide

b)' hydrazine
by sodium sulphite

added before wasbing the emulsion
effect of concentration of

by sulphites
effect of concentration of

by other reducing agents
kinetics of

adsorption data
rate of reaction
reaction of sih'er bromide with:

allyl thiocarbamide
sodium sulpbitc

solubility data
Sensitization; spectral

after-ripening and
by bathing
dyes

concemrations of in baths
in emulsions
flocculation of in baths
solvents for

effect of allyl thiocarbamide
bydrogen ion ooncentration
reducing agents
silver ion concentration
sodium thiosulphate

Sensitilers: chemical
'lee also Sensitization: chemical

and Sensitizing dyes
Sensitizing dyes

concentrations of in emulsions
erythrosin
flocculation of mi~tures of Pinacyanol and

Pinaflavol 203, 212
Pinacyanol 201, 212
Pinanavol 201,212
!'inaverdol 212

Sensitometry 56,160
Seye,.,el:: 194,264.261,268,212
Sheppard 24,29, 30, 31. 43, 44, 54. 66, 61. 18. 81, 89, 92. 93,

112, ID, 1l5. 123, DI, D3, 134, 138, 140, 141, 145, 146, 153,
/56,151,163,164,165.114, /75, 176, 118, 185. 192. 194, 211.

214,221,227,230,241.245

276




