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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.



266 Bureau of Standards Journal of Research [Vol 5

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.
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