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Plates were developed to a contrast within their normal working
range. On completing the sensitometer tests, ¥ was plotted against
the time of development, and also against the corresponding values of
fog, and the required time read off the curve. Asa cEeck on the inter-
pcﬁat.ion, sensitometer exposures were developed with each set of
resolution tests strips. KExcept where excessive fog would be pro-
duced, the Seed’s 23 plates were developed to a v of approximately
1.5 and the Speedway to approximately 1.0. The Press plates were
developed to what was jucrged, from inspection of the curve of v
against fog, to be the optimum contrast; we consider the results
with this emulsion the most satisfactory.

The- greatest uncertainty in determination of resolving power lies
in assigning a number to any given test image. The strips were
observed with 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 other method, are
considered less satisfactory. The criterion for resolution which was
applied, was that all six lines of a group should appear suitable for
degnjte settings of a cross hair. The resolution number assigned to
a test strip was the minimum separation resolved at any one of the
series of exposures. All tests were made in quadruplicate; the num-
ber given in the tables for a given emulsion, developer, and observer
1s the average of four strips.

Three 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 work. The carbon arc band at 3,883 A was photo-
graphed with the large grating spectrograph of the spectroscopic
section of tnis bureau, using a concave grating of 21-foot radius,
15,000 lines per inch and a 5 u slit width. After careful focusing on
backed lantern-slide plates, Speedway plates (emulsion 2469) were
given a series of eight exposures each tc the same source. Iigure 1
18 a reproduction at 163 diameters of the band head on the lantern
slide focus plate and on Speedway plates developed with five formulas,
the best exposure in each case being selected for enlargement.

5. DEVELOPERS
(a) MATERIAL

The developing agents were commercial materials passing the
United States Government specifications with 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 sul-
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hite by iodine titration. The amounts given represent actual
a,CO, &nd Na.S0,; U. S. P. borax was twice recrystallized for use.

(b) FORMULAS

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

Stock solutions:

)85 T At e e T i, Tt ml__ 1, 000
PR T OTIMION o oo i o B ot il s 5 o e g~ 60. 0
Potassium metablsulphlte .................... 12. 0
B{Water ___________________________________ ml__ 1,000
Sodivm BphEte . e G R g-- 95
C {Water ___________________________________ ml__ 1, 000
Bodinm CAYDONRRS . « -« o e wns oma e e e g 70

For use, 1 volume each of A, B, and C plus 7 volumes of water.
Concentrated mtal-hydrogmmm —A developer of the universal
type much used for practical work at this bureau:

Waker. o, o B te 00 B A8 el aicu b RIOE b 0 B MY ml._ 1, 000
IRRROL o i s e e i e o S e g 1.6
S OO . o s o e e e B S e S e B g-- 56
DIOCITOITE BRI . i i o s e bt i R St e B 21. 3
BOGIT EATDORAEE s o e a i R n e n e R R £ 30. 0
Potassiom bromide. 1 0 e e enasaka g .75

Dilute metol-hydroguinone.—Recommended by Lumiéres and Seye-
wetz ' as giving a slight reduction in grain size, equivalent to the
MetoLhydroqumone—borax formula:

| E T R BT 5 S e SN St e g-- 0.16
M YOOI o as e s e e e s e e g.- .30
e L e b vt Y Wb e T Y ST T Dl LR ST g-- 30
SO CAFPDORANS . e s el g-- L6
Botassion: Dronsion; il .. s - 5o sl 4B s towt bhlmanmas a3
LT VR s SRS S L WIE L A . liter_.. 1.0

Metol-hydroquinone-boraz—Recommended for reduction of graini-
ness in motion-picture negatives: !

.7 e e B SRS AL e bt et Sl LSl 1 S g-- 20
Sodiam salphite s s 8 cn e e e g-- 100

My ArOgIDORe ) o it o o e e ke R S S S g hi
s R e L T gl 20
o T Y e e g (o S ot liter.. L0

Carlton and Crabtree ? state that graininess can be further
decreased 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 negatives.™

IRERON., e v e St it N S T et o Lt PP e ey B g- 25
Sodium sulphlte ................................... g-- 75

LT ool U P L I SN SERA N - § STk g._. 50
Waler 1o ke ot i liter.. LO

p-Phenylenediamine-boraz.—Recommended by the Lumiéres and
Seyewetz * as “giving the best results.”

10 Lumigres and Seyewetz, Sci. et. Ind. Phot., 8A, p. 126; 1928.
i Crabtree, Trans. So¢, Motion Picture Eng., p. 77; 1027,

11 Moyse and White, Trans. Soc. Motion Picture Eng., 13, p. 445; 1929,
M Lumidres and Seyewetz, Sci. et. Ind. Phot., TA, p. 108; 1927,
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Phenylenediamine (base) . . . - - __ ... g--. 10
g;)dium T p L IR P R | W 0. et T g.. 60
BORRE - o == c o i s R S e e R S e R g-- 50
WEEOE B0 BORRD. - = oo o el e S Bt s e o v A liter_.. L0

p-Phenylenediamine-carbonate—The Lumiéres and Seyewetz '
state that this formula iives more rapid development and better
density than the diamine-borax, but the grain is noticeably coarser.

g—l’henylenediamine L e e e R s Py Ay g-- 10
O B DR . e e g-. 60
oI oD ORARe . o e e e g.. 3.0
T O SRS I 1 Lo vl (R liter.. 1.0
Hydroquinone-borax:
Hydroquinone_ _ e g2 50
NOINI SIIIIINE o o v b g i s s i i s S e o5 v g-- 75.0
2T R e s e e e e R SO oy o .0 o510
Water fomaake. . ool ol venmasinnireniut et u s liter.. 1.0
Physical developer:'®
177 o7 SRR LA S | R SO S G S R U ST W g-- 250
Gittle-field o ensias s snssnassrass sy ua 1-15 e OKED
20 per cent gum arabic solution. .. ___.___. WAL i)
WWALAE B0 DR o i i o 5 ok o o e 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 metol-hydro-
quinone are common practical formulas. The metol-hydroquinone-
borax and metol-borax formulas, which 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 f}-phenyleuediamine
developers the ‘“‘chemical” development is greatly decreased by the
use of a developing agent of low reduction potential,"” and reduction
takes place at a low rate which probably corresponds to ‘“physical ”’
development. The hydroquinone-borax formula is comparall?)le to the
p-phenylenediamine-borax, in reduction potential and solvent action;
it was introduced only to see if a specific effect of the developing
a.%ent 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 size and because
it gives a surface image free from the effects of irradiation. It might
be of value in spite of the known depression of speed in case it made

ssible a resolution which could not be obtained with any emulsion

y 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 formulas. This variation increases with

1! Lumiéres and Beyewetz, Sci. et. Ind. Phot. 8A, p. 126; 1928.

18 Liippo-Cramer, Phot. Ind., 13, p. 660; 1915,

17 Nietz, Theory of Development, rates p-phenylenediamine hvdrochloride at 0.4 and metol at 20, hydro-
quinone being taken as 1.0; p-phenylenediamine base probably has a slightly higher potential than its sali.
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the speed of the plate, but.the order in which the developers fall is
practically the same for all three emulsions.

The special developers with high solvent action and low reduction

tential (p-phenylenediamine-borax, p-phenylenediamine-carbonate,

ydroquinone-borax) caused a very considerable depression in speed;
in the extreme case of purely physical development, the loss was 80 to
90 per cent. The dilute metol-hydroquinone developer, which would
be closely reproduced merely by diluting the concentrated formula to ten
times its volume and doubling the bromide, gave normal speed num-
bers, but, by far, the worst fog for a given contrast.

The metol-hydroquinone-borax and metol-borax developers some-
what unexpectedly gave higher speeds than the standard formulas,
and better densities in the underexposure region at moderate values
of .

TasLe 1.—Sensitometric characteristic of Seed’'s 23 plate (emulsion No. 7856) wilh
the different developers

[Figures in parentheses indicate time of development in minutes]

Developer Speed D § oo v Fog
@ ® @ o e 1
Standard pyrogallol___________._.... | ouff Dl D] 2] & DB &
Concentrated mgtol-hydroquinone...| 200 .08 {i: ﬁ 1‘% 2_“1‘%- (L% (ﬂ {::{
Dilute metol-hydroquinone. . ......... 713 I ol %l T2 B %S9
Metol-hydroquinone-borax_....___ w21 SRR B .9 98
3) (6) (1 3 (
MARDEE, i | sf D% R @ R B
7-Phenylenediamine-borax. .. ........ 165 .10 (?gl {‘_ﬂ?% {i?gli (ig [001% (lﬂ
p-Phenylenediamine-carbonate. ... .. es| .osff D] PO @] ot @@ oo
[(m} 19 } { )| G| Go| G| Go| @0
Physical developer 10°. .o oevceceenna- (20)27 .00
(40)37 7| 80| Les| .os| .10| .18

TABLE 2.—Resolution of Seed’s 23 plate (emulsion 7855)
[The resolution is expressed in microns spacing % %12 c]]osast set of lines resolved, and values are rounded
R

Resolution as determined by
observer
Developer ¥ Fog
C D H B8

Btandard pyrogallol __ .o 1.50 0.24 15.0 15.0 15.0 15.0
Concentrated metol-hydroquinone. ... .o oon 145 .06 14.0 15.0 16.0 14.5
Dilute metol-hydroguinone_ . ..o __________ . 56 A7 14.5 15.0 17.5 15.0
Metol-hydroquinone-bOrax. ... ..eeeeeeeamnnemnmeneoane 1.57 .3 | 14.0) 15.5| 160 16.0
Melolborx 1.33 .24 13.0 15.5 16.5 16.0
p-Phenylenediamine-borax_ ... .. _________ 1.35 .19 12.0 13.5 14.5 14.0
Phenylenediamine-carbonate. .. ... ..o L.37 « 27 13.5 13.5 16.5 15.0
o IR et 1 R TR S .90 08| 130| 140 145 15.5
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TaBLE 3.—Sensttomelric characteristics of Eastman Speedway plate (emulsion Nos.
2357 and 2469) with the different developers

[Figures in parentheses indicate time of development in minutes]

Emul- 1.0
Developer %ﬁf Speed D0.029 ¥ Fog
3 6) | @ 3 12
e e {(2357) 400 | 0.15 { ol inl } z} ol o &2
o | wo GG R) G G|
Concentrated  metol-hydroqui- | (2357) 0| .12f{LD| @ @yl @ @
none,

Dilute metol-hydroquinone....... (2357) so| .1z |f G| 60 (20 (3“] 00) | s
Metol-hydroquinone-borax__.____ (2357) so| mff 9 @1 0al @5 &) uy
3 6) | (12 3 8) | (12
o9 | o5 o B GF( 1% % B 92
BlSlolbORaK. o s osaciammesisnsaniea s | sl ® @ @] & ®| a
(2857) . 66| .88| L20| .12| .20| .30
i (3)300 (3) 6) | (12) (3) | | (12)

Metol-horax+0.5 g KBr/liter ... (2357) (6)440 . 25
(12) 510 51| .77 1o0| .o4| .09| .15
p-Phenylenediamine-borax. _ ... (2357) atg | Sn [f GO0 [ CO0) | 0D |- 480) [ (605 | (120
{30) 220 (30) | (60) | (120) | (B30) | (60) | (120)

g-Phenylenediamine-carbonate___| (2357) 60; _______
(120)420 67| .95| .90| .23| .30| .4
(2)31 (2) () (8) (2) (4) ®)

Phywsical developer 20°. ... .. (2357) (4)34 .00
(8) 52 20| .e0| ros| .10 .13| .2

TasLe 4.—Resolution of Eastman Speedway plate (emulsion 2357)

[The resolution is expressed as microns spacing of the closest set of lines resolved, and values are rounded

to 0.54 u]
Resolution as determined by
observer
Developer ¥ Fog
C D H S
Btandard pyrogallol .. o iicccciccicacnan. 0. 84 0.15 15.0 18. 3 17.5 18.0
Coneentrated metol-hydroquinone. - oo . 87 .06 15.5 17.5 17. 5 17.0
Dilute metol-hydroquinone Y .24 16.0 19.0 19.0 16.0
Metol-hydrogquinone-borax___________ 1.09 . 36 14.5 18,5 18.5 17.5
AL DO AT . o i i s i i s s e i i e S B4 .20 14.0 18.5 18.5 16.5
p-Phenylenediamine-borax_____ o aaa .97 .36 14.0 15.0 15.5 15.0
p-Phenylenediamine-carbonate .. ... .72 .30 15.0 17. 5 16.0 15.0
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TaBLE 5.—Sensitomeiric characteristics of Hammer Press plate (emulsion 4068)
with the different developers

[Figures in parentheses indicate time of development in minutes]

Developer Speed |Dox ¥ Fog
3

Standard pyrogallol....____..oooeeen 60| 032 1%‘31 L?“ ,‘_E% %‘gé %;ﬁ .%}
Concentrated metol-hydroguinone. ....... 495 -26 [l.li‘rl 1.(4% L5 ( 0% ; {2 31
15 15 60
Dilute metol-hydroquinone_............. 70 |- e B 4 B < il R W
Metol-hydroquinone-borax..—.............| 75| s @ @) G2 @ ©} a3
3 6 12 6 12
MO0 OTRT e od Bt P I 1 T A A A
p~-Phenylenediamine-borax____ ... .... 215 .12 (_3313 (F& {P?% (3??! (ﬁ?]g ( 5%
p-Phenylenediamine-carbonate............ 300 .22 {}a ('33% (?g% qﬂ {ﬂjg (M]
[ E?-DE 156 } (30) | (60) | (120) | (30) | (60) EIEC'J

Hydroquinone-borax. ... .o oooeecceccaaaes 60) 200 A7
(120) 400 .28 .70 L00| .03 14 .40

TaBLE 6.—Resolulion of Hammer Press plates (emulsion 4063)
[The resolution is expressed in microns spacing of the closest set of lines resolved, and values are rounded

to 0.5 u]
Resolution as deter-
mined by observer
Developer r Fog
D H C
Bandad paromnllod - e e 1.14 0.15 15.0 15.0 19.0
Concentrated metol-hydroquinone .- ocoeooo oo 1.35 .11 15. 5 15.5 18.0
Dilute metol-hydroquinone. . . o oo ceeeeeeeee .80 .11 17.0 17.0 18.0
Metol-hydroquinone-borax_ oo meee .03 .22 16.5 15.5 18.0
b R e e o 7 S n e S PeEt| .92 .18 16.0 15.0 18.5
p—Phanyleuedhmin&m __________________________________ .75 .19 16.0 145 15.5
E henylenediamine-carbonate. ... ecceecccccccccaaaaa .75 .16 14.0 14.0 16. 5
T O O O T IO IR e i s o o e .57 .08 16.0 14.0 16.0

TaBLue 7.—Rating of developers, on resolving power only, by the different observers
[Two or three numbers are assigned where the resolution numbers for the corresponding developers were

identical]
Numerical order of the davelopem on scale of decreasing
resolution
Observer D Observer C | Observer H | Observer 8
Developer

B = = =

n -] ] o

A E z §. 1|3 ig) 01

j By E m | B § 7] g § w
Standard pyrogallol___ .. .o 34-5 2 21 7] 8] 17 213434345 o4
Cnnoentrated metol-hydroquinone_ .. _.____ 345 | 34 3] 4| 6| 3 3|34|56 2 8
Dilute metol-hydroquinone________________ 345 7 71 6| 7] & 7 7| 7]|345 34
Metol-hydroquinone-borax_ ___ ... =7 5 6] 5| 3] 4 4 5|56 67 7
Metolborax_ . e i &7 6|45 2| 2| 5| 56 6] 34 &7 5
p-Phenylenediamine-borax. . oo eeeeeeeena 2 1145 1] 1] 1 1 1 2 1 1-2
p-Phenylenediamine-carbonate_ ... ......_ 1]34 1] 3| 4| 2|56 2 1]|345 1-2
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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 that the only unquali-
fied statement possible is that the development has little effect on
resolution. This is disappointing, since both our own photomicro-
graphs and those of the Lumiéres and Seyewetz '* show distinctly
smaller silver grains in the images dev eloped by the special formulas,
while the increasing use of the metol- hydroquinone-borax 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 fine lines developed by standard and special formulas gave no
indication of any marked improvement; 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 great.er utility than the usual determination of resolving power.

Table 7 shows that the individual 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-phenyleneciamine formulas, the hydroquinone-borax,
and the physical cf:avelopers, improved resolution over the standard
formulas. The physical 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 metol-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 distinet with the Seed’s
23 as with the faster plates. The Lumiéres and Seyewetz ' 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
1s unquestionably true with thep-phenylenediamine-borax. Viterbi®®
has already illustrated good results obtained with the metol-hydro-
quinone-borax formula, but unfortunately gives nothing for com-
parison.

1 Viterbi, Proe. 7th Int. Cong. Phot., pp. 366-367.
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The resolution number and silver grain obtained with the hydro-
quinone-borax and p-phenylenediamine-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 effects both on resolution and
sensitivity, it appears that none of those tried offer a marked improve-
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-
diamine-borax to a 4 of 0.75 and fog of 0.19, has a speed of 215 and
resolution number of 15; the Seed’s 23, developed with concentrated
metol-hydroquinone to a y of 1.45 and fog of 0.06, has a s 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 metol-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
are 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; but it is well to remember
that in most scientific applications of photography the overhead
expense on & given exposure normally makes it very false economy
to endanger results by saving developer.

IV. SUMMARY

1. Six developers characterized by increased solvent action on
silver bromide and decreased reduction potential have been compared
with 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 (¢) spectrographic exposures with one of the
emulsions.

2. Only the developers with lowest reduction potential 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’’ 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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