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I. IRTRODUCTION

The amateur and ?@ﬂfﬁﬁﬁi&&&l ghﬂt&gragﬁara of today have
at their disposal numerous types of photographic films of
widely different characteristics. The serious workers may
obtain information concerning the more important characteris-
tiecs of these films from thair~maan£&@t&r&ra; but often the
data supplied are insufficlent and in some cases lnaccurate.

The principal ?h@#ﬁﬁt&?ﬁi@ properties of any emulsion
may be listed as follows:

1. Speed or sensitivity
8. Crain size and granularity
3. Color sensitivity
4. Contrast
5. Latitude
These propertles vary tremendously for different films, and

all except the color sensitivity vary considerably for a given

£ilm in different developers and under different conditions
of processing.

Innumerable developers are avallable for photographic use;
the manufacturers clalming phenomenal propertiss for their
products. These manufaecturers, however, provide little or
no specific dada on the behavior of typleal filﬁﬁkiﬂ their
éav&lﬁyars; and 1f data are supplied they are afteﬁ partial

ar incorrect.



The investigation under consideration was undertaken
to provide for the serious photographer imgar@i&l‘cam@arativa

data on the granularity and speed of the more popular commer-

aiai'films~ﬁ&$ala§aﬁ in typical developers under uniform

processing conditions.



II. REVIEW OF LITERATURE

A+ CGranularity

1. Grain size and granularity

The individual silver gralns of a photographic deposit
vary in slze for different amml&iaﬁa; thelr average areas
varying from approximately 0.1 x 1078 on.® ror slow positive
erulsions té 1 x 1078 on.® ror fast negative smulsions. Con-
gsequently, individual silver greing are observable only in
very large &ﬁgﬁi?iﬁ&tﬁ@ﬁﬁ* However, even at relatively small
magnifieations, enlarged positive prints exhibit a definite
nonhomogeneity due to the grouping of several grains inte
glumps or to the superposition of several grains in different
layers of the emulsion. This nonhomogeneity is commonly re-
ferred to as graininess or granularity to distingulsh it from
the effect produced by thé resclution of individual grains,

A. and L. Lunidre and A. Seyewetz {28; 2¢) are often called
the ploneers of fine-grain photography because of their im-
portant investigations made in 1904. They concluded that the
gize of the graina‘gf rveduced silver is practically independent
of the developing agents used and of the development praaﬁﬁa;
but later they reported that paraphenylenediamine and ammonium

chloride are superior to other fine-grain developing agents



s

 because of their ability to "dissolve appreciable guantities
of silver bromide®.
On the other hand, R. J. Wallace (43} reported in the

Bane

year that the size of the gilver grain is dependent upon
the developer used. Xven mors significant were his observa-
§iaﬁs; ngde while studying the development process through a
pieroseope, on the coalescence of individual silver grains
into elusters. :

After thoroughly invaﬁtig&tiﬁg,@ﬁ@ire&a%iaﬁshiy between
grain sizge and the development y@a@a&a; 5. E. Sheppard and
C. E. K. Mees (38) agreed with Lumidre and Seyewetz that nor-
mally the developer does not affect the graln size.

Many 1ivgiy and conflieting investigations on gralin size
and the development process followed this pionser work, but it
was pot wntil 1917 that %‘rgi‘ﬁaﬁgaﬁﬁ {18) definitely differ-
entlated between grain size and graininess in the photographic
image. Sinee the photographer is more concerned with the
granularity of the silver deposit than with the slze of the

individual grain, this differentiation aroused a new interest

in fine-grain photography, resulting in many investigations
of theoretical and practlical value. These investligations
have shown that the gramularity of the photographic image is
a function of the size and the distribution of individual
silver grains, and E. W. H. Selwyn (37) has even published
a mathematieal theory of graininess in which the direet



relationship between graininess and graln size is given.
Other mathematical theories based upon the average trans-
parency fluctuation of a uniformly exposed area have bheen
developed, the one proposed by A. ﬁamhaf; A. Goebtz, and
W. 0. Gould (8} arousing particular interest.

2. The measurement of granularity

Many investigators have obtained important qualitative
information on the granularity of certaln photographiec mater-
ials by visually comparing enlargements made from these
gree, Such a method

maﬁeri&1ﬁ_aﬁé magnified to the same de
offers no quantitative information and could never be reliable.

An apparent procedure for measuring granularity éﬁﬁﬂ%i*
tatively is to make a series of carefully prepared enlargements
from a given material and to use as an index of measurement
the magnification at whiech the nonhomogensity of the material
first becomes apperent. This method would be costly since it
requires a series of enlargements for each material and un-
reliable since the index depends upon viewlng conditions which
might ﬁiffﬁr &ﬁriﬁﬁ observations.

An aguivaisﬁt method that removes thase &iffieultiaa was
developed by L. A. Jones and N. Delsch (22) in 1920. They de-
vised an apparatus far~?iéwing 8 maznified imege at d4ifferent
distances and assumed that the grainiﬁaas of the given materisl
is proportional to the distance at whieh the appearance of
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nonhomogeneity is just perceptible under definite viewing con-
ditions. Two years later A. C. Hardy and L. A, Jones (14)
suggested an lmproved technique capable of remarﬁahia precision
in graininess mﬁagﬁramﬂﬁtﬁ; and in 1936 Z. K. Lowry (27) de~
seribed another apparatus which permitted varying magnifications
at & constant viewing distance. 4 related method utilizing

a comparison mieroscope for bslancing the spparent granularity
of & aa@@l& material ageinst that of an arbitrary standard
under constant viewing conditions has been discussed by 0. E.
Conklin {4}. The relative magnification of the twe images

was used as a measure of graininess.

The values for graipiness obtained by these methods de-
pend upon the visual aculty of the e&server; which varies for
different individuals and from time to time for a given indi-
vidual. To eliminate discrepancies caused by changes in
visual acuity, Jones and Deisch required that the blending
ﬁiataﬁﬂﬁ.fax the material under consideration be compared with
that of an arbitrary graininess standerd such as a printer's
half-tone sersen. » , ,

Objective and sbsolute methods for measuring granularity
have been developed by 8. D. Threadgold {393; A. van Kreveld
(343; V. Ronehi {5@}; Goetz and Gould {11); and others; but;
since graininess is a s&%éaﬂti?e’imgraﬁsian on the retina of
the ay$; these methods have failed to supplant the subjective
methods llisted above.
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3. ZFactors affecting gra

Shortly after the development of the devices permitting
aaé&raté quantitative measurements on granularity a tremendous
amount of research on the control of zraininess was excited
by the lively interest of workers in the motion picture
industry.

‘Hardy and Jones {(14) found that the graininess of al@hﬁtan
@fﬁ@ﬁi@ deposlit depends upon the density of that deposit,
maxinum g#aﬁﬁlarity pecurring at densities of appf&ximatély
0.4. A congideration of the size and distribution of opaque
clumps of silver grains shows that this result is reasonable.
At optical densitiss of approximately zero, where the spaces
between clumps are very large compared with the size of the
clumps, and at high optical ﬁeﬁaitiﬁa; where the size of the
clumps are very large compared with the regions betwsen clumps,
the graﬁnlarity must necessarlly approach zero. It is to be
expected that for completely opaque grains maximum granularity
oceours at a transmiesion of 0.5 or an optical density of 0,3,
the density at whieh the total area occupled 5y the graing is
just equal to the total area of the spaces between grains. Van
Kreveld and Scheffer {35); uging their objective method of
graininess measurenent, reported that the maximum granularity
of certaln materials cecurs at a density of approxinmately
1.00. George C. Higgins {l?); on the other hﬁﬂa; found that

maximan granularity is assocelated with deposits with a density
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close to 0.5. Thesge wvalues are higher than the theoretical
value of 0.5 suggested above, but it nust be remembered that
that value applies only for conmpletely opaque silver grains.

Van Kreveld and Scheffer i%ﬁ); ¥, L. English (10},

Higgins (17}, and other investigators have shown that graini-
ness incereases with the degree of development or gamma. This
important faetor was neglected in early and in many recent
investigations on graininess control, rendering the results
worthless. ‘

The influence of processing conditions -~ such as
tenmperature variation between solutions, temperature of
washing, and drying conditions -- upon granularity have been
considered, but little conclusive data have bsen obtalned.

Ae Harriazge {31) reported that sudden changes in temperature
and widely varying drying conditions have no observable effect,
and J. I. Crabtree (5] has suggested that an ilncipient reticu-
lation often observed in enlargements may be mistaken for
graininess. The manufacturers and users of photographic mater-

ials, however, hesitate to accspt these resulits as consclusive,

4. Fine-grain development

The ipecreasing popularity of the minlature camera has
resulted in the preparation of numerous so~called fine-graln
developers involving every imaginable type of developing

agent.
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Lumitére and Seyewetz (28, 29), as early as 1904, reported
that paraphenylenediasmine and ammonium chloride were effective
in redueing the granulerity of a developed photographic de-
peait at the expense of emulsion speed. P. ¥W. Vittum and
J« I. Crabiree (42) and Crabtree and R. Y. Henn (6) have
listed other developing agents with the same properties. Van
Kreveld and Scheffer {25) report that certain fine-grain de-
velopers are effective in reducing the granularity of fast,
cosrse grain emulsions but are practically ineffective for
mwaﬁw fine graln emulsions. G. Sohwarz (36), mm the other
hand, found that fine-graln developers reduce the granularity
of slow, fine grain emulsions to m,mamwwwm extent, but in most
cages the &Mwwwﬁmwa@m in greininess produced by standard and
Pine-grain developers are neglligible. In a thorough investi-
gation of many developers Higgins (17) reported that certain
developers are effective in reducing the granularity of fast,
soarse graln esulsione and are slightly effective for slow,
fine grain @&%wmwmmmw but only at the expense of effectlve
emulsion speed. He cvoncluded that manufacture is more impor-
tant in the econtrel of granularity than the method of

mmﬁmwawﬁwww employed.

B. Speed

Vany methods of specifying the speed or gensitivity of

a photographic emulsion have been devised, and the detalls of



the more important methods, thelr advantages and disadvantages,
have been deseribed by L. A. Jones {28l), C. B. Neblette (328},
J. B. ¥ack and M. J. Hartin (30}, and other writers. Photog~
raphers have recently become enthusiasgtic over the minlmum use-
ful gradient maﬁhaﬁ% since the quality of a reproduction depends
upon the gradient characteristics of the photographic material
rather than upon the density and since this method considers
the useful region of underexposure as well as the linear
portion of the characteristic curve in expressing speed., The
minimom useful exposure, that at which the gradient of the
characteristic curve is a certain fraection of the maximum
gradient, is selected as the index Tor speed measursment.

L. A. Jones and M. E. Russell (23) and Clifton Tuttle
{41) have listed the advantages of the method and have de-
gsigned devieces Tor measuring emulsion gpeeds from prepared
sengitomebric strips. |

In spite of t&a_advaﬁﬁagﬁs of thes method and the enthu-~
siasm of the photographers, very little practieal data on the
sensitivity of photographie emulslions as determined by the
minimum unseful gradient method have appeared in the litera-
ture. At the present timﬂ; however, it ls generally believed
that this methoed will ultimately supplant those now existing

for speed specification.
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other methods is likely to supplant these methods.

10. There are little date svailable on the sensitivity
of photographic gmal@mns as determined by the mininmum useful
gradient method.
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B. Procedure

A particular film to be studied was placed in a specially
designed "camera", given a series of graded exposures, and
‘grﬁeaasé&’aﬁﬁax'aa&s@aﬁ% cenditions of téﬁgaratﬁre and
agitation. A

The "camera™ was a light-ti

ght metal box deslgned to
expose four sqguare Qentiﬁﬁﬁers of the film directly to the
source of illumination at each exposure. The light source
consisted of a 40 w&%ﬁ; 115 volt Mazda lamp enclosed in a -
compact housing with a four centimeter square opening. The

lamp was mounted in such a ma

nner that only diffuse light
reflected from the white inner walls of the housing could
reach the “ocamera"™ from the Eamy; In order to furnish a
source of artifielal daylizht for the axp%sur&a; the voltage
of the lamp was mainteined at 110 volts by means of a variable
registance in aariaa with a 120 volt storage battery and a

two inch square number 78 (daylight) Wratten rilter was placed
xposing the film the
intensity of illumination was held constant and the time of

over the aperture in the housing. In e

exposure increased geometrically by a factor of two. The ex-
posure time was controlled by means of a rotating sector disc
driven by a Telechron synchronous motor at the rate of one
revolution per second. A/Sﬁﬁ opening in the dise allowed
light to pess through the aperture in the housing for one-

tenth of each revolution, giving accurate exposures of



one-tenth second each second. The complete apparatus for
exposing the film is shown in Figure 1; while the detalils
of construction of the "camera™ and the light housing avre
pictured in Figures £ and 3. Beocause of the widely varying
senglitivity gf the films used, the intenslty was inereased
or decreaszed for different films by changlng the distance
from the source to the camera, but for any glven film the
intensity was maintained constant.

The mxp@&é& film was placed in a standard Leitz Correx
developing tank and developed in a glven solution for the

time required to produce a genma

of 0.6 at the temperature

recommended by the ns

nufacturer of the developer. During
development the film was agitated continuously by means of
an electrically driven agltator which caused the developing
reel to make twelve osecillations per nlnute. After develop~
ment the film was rinsed ia,wagew or in a chrome alum stop
bath 1P recommended by the manufacturer, fixed in an acld
hardening fixing bath {Bastman ?nﬁ}, washed thoroughly in
running water, and dried. Throughout development and suxili-
ary processes the temperature of the sclutlions was held con-
stant to within 20.5° C. by means of controlled water baths.
Especlal care was taken to adhere stristly to the ingtructions
of the manufascturer of film and developer during all processes.
The opacliy of each gtep on the sensitamatria‘strip was

then determined by means of the photronic cell densitometer
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Figure 1.

iXpogure Apparatus



Filgure 2. The "Camera"®

Figure 5. Light Housing



pletured in Plgure 4. A speclally prepared Weston photronic
cell, which permitted the film to be placed in contact with
the ground glass surface of the cell, a&rvéﬁ as a current
source for & low resistance, sensitive Leeds and Northrup
galvanomeber when the cell was illuminated. To assure direct
contact between Tilm and cell and to ingure the use of the
same part of the cell for all rﬁaéi§gs, & bakellite plate with
a five by ten mlllimeter rectangular aperture was pressed
against the face of the cell by a sebt of springs. The source
ef 1lluninatlion was &y& volt Hazda buldb operated st 5.75 volts
by means of a variable resistance in series with a 120 volt
storage battery. Details of photronic cell construction are
ghown in Figure 5. ,

‘The optical density of each step on the senslitometric
strip was obtalned by observing the galvanometer defleotions
when light passed tﬁra&gh the elear Tfilm and when light passed
through the silver ﬁ@p@sig and enmploying the definition for
denglity,

Density =

Bince the illumination falling on the film was constant, the
characteristic curve was drawn by plottling density against
the logerithm of exposure time, and the contrast factor
{zanma) for the strip was then determined by measuring the

glope of the linear portion of the curve.



Figure 4. Densitoumeter

Flgure 5. Photronlie Cell Construction



Since the chemiecal Tog varied considerably for the
different films, the density of the fog deposited on sach
strip was computed by taking the common logarithm of the ratio
of the light transmitted through an ﬁﬁéﬁvalapﬁé; fixed, and
waszhed atrip to the light transmitted through an unexposed
portion of the given strip.

In the determinatlon of the ré&ativ& emulsion speeds of
the films in ﬁiff@raat‘ﬁﬁvalapaxa, the exposure at which the
gradlent of the characteristic curve was 0.0 was taken as an
infex of measurenent and the speed of Zastman Super XX
developsd in Hagtman D-76 was arbitrarily chosen as unity.

AL aahar/@mﬁisisﬁ gpeeds were compared with this value as

a standard by dividing the exposure correspondling to a
gradient of 0.3 on the curve of the standerd by the exposure
gorregponding to the same gradient on the curve of the film
under consideration.

The granularity of the filmﬁ was determined by a varia-
tion of the method &aaari%&ﬁ by Jones and Deisch. A4 set of
photomicerographs wi%& s magnification of 300 diameters was
prepared from a representative portion of the deposit on each
sensitonetriec strip with a density of approximately 0.4, and
these were carefully printed on Azo number 4 gloasy paper.
The prints were exposed so that all appeared o have the same
densgity when viewed from beyond thelr merging distances and

were developed to the same contrast under uniform conditions
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of processing. The matehed, 24 ineh square positives, nmounted
upon a white board and uniformly i1lluminated for ?iﬂﬁing; are
pletured in Figure 6, which shows the prints photographed at
different distances to indlcate the blending effect. The dis~
tance at which each photomicrograph blended into a homogeneous
area was determined by twenty randomly selected obmervers.

To eliminate differences in the visual acuity of the observers
the grainipess of Eastman Buper XX developed in Bastman D-76
was arbitrarily chosen as uﬁi%g;,aﬁd the graininess of eagh
deposlt waz compared with this value as & gtandard by dividing
the blending distanee of the photomierograph of that deposit
by the blending distance of the standard.

G. Hesults

The exposurs time - density data for the films tested
are glven in Table II in the é@@ﬁﬂaix; and the characteristic
curves plotted from these data are shown in Figures 9 - 19.
Curves A, E; C, and D in each filgure represent the variation
of density with exposure Tor a gilven film developed in
Bagtuan ﬁn?ﬁ; Rastman %K»ae; Champlin 16, and Harvey 777
Paagﬁermia, respectively. To prevent the overlapping of the
curves the density ordinates have been displaced by a con-
venient amount. The curves ar$~aﬂasistﬁntiy’aagﬁrate in the
reglons of low amd,ﬁgﬁium.éamsity; but in some cases there

are slight discrepancies in the region of overexposure due to
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{b) Photographed at eight feet

{¢) Photographed at sixteen feet

Plgure 6., Nounted Photomierographs



the inereased error arising from the small guantity of light
tx&a&mﬁttﬁéyaﬁ these higher densities and to layer p&eéiiari«
ties of certain éﬁﬂl&i@ﬂﬁ; |

The results of the study of the fogging effect of the
developers and the relative emulslion speeds and gragalarity
of th@’variaﬁg fii&s developed in D-76, DK-20, Champlin 16,
and Harvey 777 are listed in Tables I-aA, I~B, I-C, and I-D,
respectively. The relative speeds were obtained directly
Trom the charaecteristic @ar?as; whilé the valuea for the
relative granularity ars the average of the results of the
twenly observers shown in Table III. For aanva&iéaaa of

gtudy the same data on speed and

grainineas are represented

graphieally in Pigures 7 and 8.
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Iv. DISCUSSION

For econvenience in the discussion the filme tested may
be divided into three general g?ﬂaﬁa; nsmely, (1) fast fllms
with relative gpeeds greater than 0.4, (2) noderstely fast
filme with speeds between 0.2 énﬁ Oud, and (3) slow films with
specds less than 0.2. A study of Figure 7 indicates that
Superpan Supreme, Ultra Speed, Superior, Pluz X, and Super XX
fall into group 1; Finopan, Flenachrome, and Fanatomic X into
group 2; and Hieropan, Parpan, and Hlerofile into group 8. A
simllar study of Figure 8 shows thﬁt; in geﬂﬁral; the snmule
sions ineluded in group 1 have the coarsest grain structure,
those in group 2 slightly less gralniness, and the slow emul-
sions of group 3 decidedly finer grain strueture. Of saursa;
the divislons between the groups are not sharp, and there are
exceptions to this generality. Tor instanaé; Plus X has a
granularity comparable to the films of group 2 and Parpan,
an exceedingly slow emulsion, has a coarse grain structure.

~The differences in gramularity produced by the four
developers in a given film sre only slight in comparison with
the inherent differences among the various films. The rela-
tive gralniness obtained with DK-20 and Harvey 777 is definitely
less than that produced by D-76 for all the films of group l;

but these developers are declidedly less effective for the
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films of groups 2 and 3. For these emulsions slizht differ~
ences in density and contrast may completely obscure the
effects of the developers. In all cases decreased graininess
‘is obtalned only at the sacrifice of effective emulsion speed.
These results are in agreement with the work of van Kreveld
and Scheffer (25) and Higgins {17), who definitely concluded

~ that fine-grain developers were more effective in reducing the

granularity in fagt, coarse grain emulsions than in slow, fine

¥hen the films are developed to a ganma

of 0.6, Champlin
16 is ineffective in reduecing granularity. In several cases |
the granularity is aatﬁﬂlly‘gra&tar‘tﬁ&ﬁ,%hat produced by
bm?s; particularly with the Tast coarse grain emulsions; in
these cases, h@&ﬁ?&?; there are corresponding inereases in
effective emulslon speed. The development times recommended
by Champlin (1) are insufficient to produce a practical con-
trast st the temperatures suggested, and under these condlitions
a fine grain structure is obtalned at the expense of contrast
and tonal qualiiy.

~ The fogglng effect of tha»ﬁiffsrﬁﬁt developers varies
considerably, the fog produced by DE~20, Champlin 16, and
Harvey 777 being consistently denser than that produced by
D76,



~Bde

V. ~COHCLUSIONS

The results of this investlgatlon on the granularity
and speed of various types of photographic films Indlcate
that: ‘

1. Tﬁef&ifferﬁna&s ia granularity produced by fine-grain
developers are only slight in compsrison with the inherent
differences éﬁﬁﬁg the various films.

2. Fine-grain developers are effective in reducing the
granularity of fagz; coarse grain emulsions.

3. Fine-graln developers are only alightly»@ffsezi?a in
reducing the granularity of slow, fine grain ﬁmuisiana;~anﬁ
8light differsnces in &an&it? or contrast may completely ob-
scure the effects of the developers.

4, ﬁaﬁu@@a granularity can be obtained only at the sacri-
fice of effective emulsion speed.

5. Reduced granularity way be obtained at the sxpense of
contrast and tonal quality.

6, The fogzing effect of fiﬁ@*@?&iv &avaia§@rs is gre&tar
than the Togging effect of a typical elon-hydroguinone

developer.
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¥I. SUMMARY

In this investigation the granaiarity-anﬂ speed of the
more popular commercial films developed in typical developers
were determined guantitatively. It was found that the
differences in granﬁkariﬁy prodused by the developers were
gpall in comperison with the inherent differences among the
various films. Certain fine-grain developers were effectlive
in reducing the granularity of fast, coarse grain emulsions,
but only at the sacrifice of effective emulsion speed., These
developers, hawavar; were only slightly effeetive in reduciung
the granularity of slaw; fine grain emulsions, small differ-
ences in density or contrast completely obscuring the effects

of the developers.
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Table II (Continued)
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Table II {Continued)
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Table II {(Continued)
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Table II (Continued)

: Exposure :

:§®§§1épmﬁnt

e wh wx 13

Film H Time 8 Time  :Density
: E {0.1 Sec.}:

Bastman Mierofile t 2.20 mine @+ 0.61 : 1 1 0.008
H , H 2 : 0,087

3 3 £ 4 : 0,088

4 2 : 8 1 0.28%7

% % s 16 1 0.380

3 f4 $ 32 1 0.572

4 : z 64 2 0.7868

1 - : 128 : 0948

3 $ 3 256 : 11288

Engtman Panatomie X : 11.0 min. ¢+ 059 3 2 ¢ 0.003
: % 3 H 4 1 0.014

3 3 ¥ 8 s 0.080

3 3 : 16 : 0.133

b4 3 : 33 b QQ&E‘&

: % : 64 » 0.382

: 3 ;188 : 0.536

4 % 256 : 0.787

$ : T Bi2 : 0.8%1

Bastman Plus X t 11.5 min. @ 0.61 3 1 s 0.000
b4 1 1 2 r 0088

: 4 S 4 : 0,083

t $ H 8 1 0.171

t 5 4 18 1 0,879

3 : 3 52 : 0.407

4 1 4 64 : 0.58¢

t 2 $ i28 : 0.778

3 H 2 258 1 0.965

Rastman Super XX 1 17.0 min. ¢ 0.60 : 1 : 0.005
3 : : ﬁ : ﬁaﬁ%

t s ' & + 0.185

¢ b 3 8 r 0.233

$ 5 1é r 0,343

4 b4 3 a2 + 0,501

4 : 1 54 1 0.877

: : : 128 ; 0.876

: H ¢ 256 ¢ 1.0528




Table II {Continued)
Exposure Time -~ Density Data

C. Filme developed in Champlin 16 at 22.8° ¢.

:Development:

' : Exposure :
Pilm 1 Time : A ¢ Time :Density

2 3 s 2 : 0.000
% : 1 4 : 0,033
: 3 : 8 : 0,132
3 : H 18 1 0.31%7
3 H H 32 : 0.509
$ H H 64 : 0.768
3 : H 128 v 0.860
H % H 256 : 0.801
H 3 4 :
Agfa Fine Grain 1 8,0 min, : 0.60 : 1 : 0.004
FPlenachronme 3 % : B : 0.039
H o 3 4 1 0.139
s t 3 8 s 0.328
4 H : 18 + 0.811
H 3 2 32 : 0.674
3 H 3 64 1 0.770
4 3 H 128 1 0.881
3 3 H 258 + 0,944

Agfe Superpan Supreme 11.5 min. 0.61 0.000
0.014
0.069
0.215
0.594
C.773
1.008
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Table II (Continued)

EXposure

:Development :
Time :

sDensity

(0.1 Sec.):

-

Time

& W

Fllm

wﬁﬁﬁ

3 Aa1

ﬁnﬂﬁnﬁﬁ@lll '

Far #h Wk a4 VE KR e e #E BE W4

‘mﬁ
527
'« 782
879
1.062
&&3
271

| oo q ¥ 0
w® o m;

Y bR A% SR BS BE ER B R SN K

15.5 min.

Wk K AW AR B KR R AR RS &R S

Panchromatic

Agfa Ultra Speed

“m: SRR AR R ER MR AR W R RN

7.2 min.

D) O e e 1Y B
%&m‘wvyﬁﬁ
COMB PO DO~
P

W R ER RE Ee R EN A% $F &k B

Dupont Ideropan

S22q85288
COOHNHFODG
8 % B B & & ® ¥
DOOOLOOOOS

Tak 45 S5 %3 ws &8 Sk 3 8 40 Faf e

elos an G B¥ $6 & BE BE A SE A

 ®

0

*

o

6 e W€ se Ke R SR BN R BF FRT R BN AR KR KR RN wE ¥ KR e ¥

9.0 min.

&% RE Sm SR A AE RE KR EE s 86

Parpan

Dupont Fine Grain

1
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o
s

*

<
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]
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Table II {Continued)

 Exposure :

*

*
L

SHeYsRRAn | 8
ooorMAadwwta | OO0

COCOOQOO0

tDensity

e
i |
=
mm:.laéﬁazﬂsﬁ o
4+ 1 £
£, 8%
o
L2 I % Y ) 3 EC N S A S L AR R A Wm W R R
. he >
R | B -
, i o2 o

* W& EE

Development

- Time
2.5 min.
2.5 min.

.

I

Film

Eagtman ﬁiarefila
Rastman Panatomic X

037
102

(
e

0.238
égﬂ
614
.804
.923
956

avmvmunvmvﬁgnv«.u

i Q’ L t,! LI g - E% *ﬁ i' e ‘D AN EE wA FE AR SR wE 3“‘ L3t B

2 =P G
mu

A AR R NN R e R SR se wE]

R A T W LA R T T T

L wn sk an R Ak AW e s ke an sela a HE aE se EE e e wX ea R

25885353

BILRELBIT
# & & & & & B & ¥

S6 EE EE AE S U EE SN ER RN BK

ok FE B ww

3
*

&

FAOER o R R KK aa KB ke w86

12.0 min.

R pE RE E ER AR RS A3 e A e

Fastman Plus X

mevoaige
" d 0

F T T

15.5 min.

Bastman Super XX

BE A RS BE €6 BH S AN £3 e AR

e W R R WE K RN R ek AR e

*

o
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Table II (Continued)

Exposure Time - Density Data

D. Films developed in Harvey 777 Panthermic at 23° ¢.

?@l@@%@nt. ‘Expﬁgare

Film ; Time H ; Time ;ﬁﬁﬂait?

e

o
|
o |

Agfa Finopan 5.8 min. : 0.000
: 0.041

0.182
0.301
: 0.488
1 0.656
: 0.842

1.018

*
*
*
*
*
*
%
-
*
»
*
*
*
¥
€
*
*
*
.
-
»
-

S R WA RE RN Ak R A% ¥ 8
W O MR EE B R e N A BN e
B ER EE AR A KR KR e K R bE

Agfa Fine grain 8.2 min.

Plenachronme

0.61 0.005
0.067
0.198
0.384
0.579
0.812
0.952
1.049

1.174

W wE OEE R KR AN MR S Wk R e
W0 HE k% B Ee AN e e oww ae s §oaw

d B R A RE EE RE BE RS e fF
A R W EE S S PR RS EE e RN

Agfa Superpan Supreme 2.5 min, 0.80 3 : 0.000
+ 0.042
t+ 0.131
0.493
@.ﬁﬁﬁ

; G‘glg

_h R R EF A W RN &K B FE e
e AR e O ek R BE EE RN BE WK

W wE R BN SE RE B B R AF e
S AE ER AP ad EE S KR SN R e




:Density

e
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w5l

Time
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Table II (Continued)

Film

© ot 4 B O O R 0
ﬁM%?ﬁlﬁM@
SOARIBDD O~
#Q‘,”OI,‘G

A #% T ek RE BE B EN 6 R SR Rk R &R

12.5 min.

EE wh Ee NE EE ER R e R RE R

Panchiromatie

Agfa Ultra Speed

APan wx wE ek mE Bk EE e

5.8 E&i!ﬁg

t A TR T

Jow w0 wn wa wr B0 R v ae ke b

3

-

O

R OB e BE SR SR EE BE ¥ W Bk

&k HN RE ek WA BR R 6 R MR RS

Dupont Mieropan

| O}
ow
1 8 .
o

5.8 min.

013
0.023
L88
%3
.584
1. 763
542

B
< ¢
1&

132

nu L) nv mu nu nu nw ﬁu nu

MR R R R R R e A ER aR

4 OO0 0 D ©
o4 1 O 08 if
%5,§

R A B ER W RS BN R R S N

Wk kT EE WET NE

SRR AR e R R R R ER e Ry

Dupont Fine Grain
Parpan

o

TR A T SRt

034
144

0.470
C.828
1.164

0.000
0.304
G

0.997

O
o

A BRT W R A ER AR & £ BF Ew

2
%

8
18
32
64
128
258
512

R G ER R R R EE e KR e

v
»

W R BN AR K R AR R RN e e

12.5 min.

BEERC R R R RS R AR e K e

Dupont Supsrior
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DENS3ITY
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o
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0.6
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Ce

O
0o

AGFA FINCPAN
DEVELOPED TO GAMMA CGin :
EASTMAN D=7¢ (TOMIN. AT 18°C) -
EASTMAN h\L\_A:Q:T/\;‘MY\I AT ‘8;0\:" !
CHAMPLIN 36C > MIN. AT €2.8°C)

uHQ\"‘V 17T VA HE M B2 MIN., AT 23°C)

m@wk

~

Loy

0.9 1.2 L5 us T
L& EXPCOSURE TIME

Pigure 9. Characteristic Curves for Agfa Finopan
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C.2

0.0

0.9

0.0

V0.3

Q.0 .

0.9

3

0.0

0w

0.0
C.

i

AGFA FINE~GRAIN PLENACHROME
DEVELOPED TO GAMMA 0.6 in - |

FEASTMAN D76 /6.5 MINL AT 18°C) :
EASTMAN DY-CT07.5 MIN.AT 18°C) .
CHAMPLIN 16 (8.0 MIN. AT 22.8°C)
HARVEY 777 PANTHELMIC
(3.2 MINL AT 23°C) '

e .

T3 S c.2 1.2 1.5 1.8 2.1 2.4 2.7

1.0G EXPOSURE TIME

Pilgure 10. Characteristio Curves for Agfa Fine-
Graein Plenashrome

et 4 0



1.2
<
09 L2 -
B
0.6 09 l.2
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0.0 0.3 Do¥p

0.0 0.3 ¢
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. HARVEY 77

AGFA SUPERPAN SUPREME
DEVELOPED 7O GAMMA 0.8 in & .
EASTMAN D=76 (75 MIN. AT 18°C) = e —om -
EASTMAN TK-22711.0 MIN. AT 18°C) :
CHAMPLIN 16 {11.B MIN. AT 228°C)
T PANTHERMIC {25 MIN. AT 23°C)

C.C

0]
ol

I3 o2 .2 1.5 1.8 2.1 2.4

LCG EXPOSURE TIME

Pigure 11, charaawrisﬁe Curves for Agfa Superpan
Suprems
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DENSITY

o

O

ASFA ULTRA-SPELED PANCHRCOMATIC

c DEVELOPED TO GAMNMA O.&in:
EATTMAN D-76 (140 MIN, AT 1&8°2)
ZASTMAN DK-207180 MIN. AT 18°C)

. CHAMPLIN 16 /155 MIN. AT 22.8°C)
HAPVEY 777 PANTHERMIC

125 MINVAT 23°C)

Ny

Uawe
e

,.
\

00 0% 0o C.5 1.z L5 15 2.1 z e
1. 0G EXPOSURE TIME

Pigure 12. Characteristic Curves for Agfa Ultra=-
Speed Panchromatic



1.2
. DUPONT MICROPAN
c DEVELOPED TO GAMMA 0&in: ,
0.9 1.2 - A EASTMAN D-=T6{BOMINL AT 18°C)  —tim s o
B. EASTMAN DK-20[4.5 MIN. AT 18°C)
C. CHAMPLIN 16 7.2 MIN AT 22.8°C)
. D, HARVEY 777 PANTHERMIC(38MIN. AT 23°¢C)
0.6 0O 12 b oo e i S - -

DENSITY

SR 5 0.0 2 5 8 21 2.4 2.7 3.0
L.OG EXPOSURE TIME

Figure 13, Characteristic Curves for Dupont Mleropan
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DUPONT FINE GRAIN PARPAN
DEVELOPED TO GAMMA 0.6 in °

A. EASTMAN D-=76(20 MIN. AT 1&°C) e R s o T e
B. EASTMAN DK-20(75 MIN. AT 18°C) : ‘

C. CHAMPLIN 16 (9.0 MIN. AT 22.8°C)

D. HARVEY T77 PANTHERMIC{B.8 MIN.AT 23°C)

0.0 0.3 0.0

0.0

0.3 ce ~o e 15 18 2.1 2.4 e
’ - LOG EXPOSURE TIME

Characteristic Curves for Dupont Fine

Grain Parpan
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DUPONT SUPERIOK
DEVELOPED TO GAMMA O.6in:

A EASTMAN D=76(13.0 MIN. AT 18%C) |
B.EASTMAN DE-20(17.5 MIN.AT 18°C)
C. CHAMPLIN 16 (155 MIN. AT 228°C)

D.HARVEY T77 PANTHERMIC 2B MIN AT 23°C)
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Flgure 15, Characteristic Curves for Dupont Superior
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DENSITY
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0.6

EADTMAN PANATCMIC X

DEVELOPED 70O GAMMA 8.0 in

CEASTMAN D-T6 0.0 MIN. AT 8%

CEASTMAN DE-2COLONINL AT 1-8‘”(?2 .
CCHAMPLIN 16 {05 MIN. AT 222°C) ~C

. HARVEY 777 PANTHERMICIICOMIN. AT 22°C) .

T

N
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LOG EXPOSURE TIME

Figure 17, Ghameteristla Curves for Eastman
Panatomi¢ X
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Flgure 18, Characteristic Curves for Bastman Plus X
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Table II1

Graininesy Data

&« Films developed to gayma 0.6 in D-76 at 189 g,

Agf& Ein@pan
Apfa Plenschrone
Agfa Superpan Supreme
Agfe Ultra Speed
Dupont Mieropan
Dupont Parpan
Dupont Superior
Bastman Mlerofile
Fastman Panatomlic X
Bagtman Plus X
Bastman SBuper XX

ﬁgfa Finopan
Agzfa Plenachrone
Agfa SBuperpan Suprems
Agfa Ultra Speed
Dupont Mieropan
Dupont Parpan
Pupont Superior
Bastman Mierofile
Bagtran Panatonie X
Zastman Plus X
Bagtman Super XX

o
*
H
%
*
5
H
»
*
i
3
*
b4
*
-
*
#*
»
»
*
*
-
H
.
-
*
*
¥
:
H
H
1
i
»
*
3
*
.

@¢?3
0.97

1.03

0.70
1,06
1.08
0.64
0.85
1.00

1. GG

~$g-



Table III {Continued)

B. Films developsd to gamma 0.6 inm DE-20 at 18° ¢.

H

. ii‘

L

Agfa Finopan t 0.81 0,88 0.856 0.84 0.72 0.97 0,97 0.82 0.94
Agfa Plenachrome 1 108 1.04 0,98 0.84 0.86 1,056 077 0.87 0.89 0,98
Agfa Superpan Supreme: 0,99 0.78 0,85 0.78 0.2 1.00 0,83 0.90 0.82 0.83
Agfa Ultra Speed : 1,00 1,02 0.986 0.92 0.89 1.86 1.09% 1.10 1,05 0.96
Dupont Micropan ! 083 0.86 0,78 0.73 .75 0.70 B0 0.87 0,82 0.88
Dupont Parpan : 098 0.70 0,87 1.03 0,92 0.83 1.03 Q.88 0.98
Dupont Superior 1,12 1.04 1,11 1.08 1.00 1.03 1430 1.08 1.06
Fastman Microfile t 0,80 0.856 0,80 0068 0.58 0.48 0.63 0.686 0.60
Bastman Panatomic X : 0,81 0.70 0.84 0,73 0.86 0.73 0.83 0,83 0.8
Begtman Plus X : 0.88 0.76 0,82 0.8l 0.86 0.82 0.83 0.70 0.83
Eastuan Super XK : 0.88 0,65 0.87 0,86 1.00 0.8¢ 1.8 0.78 0.81
RS SR A - N 2 T - N
Agfa Finopan $ 087 0.86 0,77 0,88 0.76 0,87 0.90 0.75 0489 0,83
Agfa Plenachronme : 1.00 1.028 0,87 1.00 0.92 0.985 ~ 0.7 0.74 0.980
Agfea Superpan Supreme: 1.03 (©,98 0,89 0,88 0.87 0.90 85 0,74 0.74 6,&}5
Agfa Ultra Speed : 1,13 1,09 0487 0.95 0.97 1.03 0,91 0.88 0.88 0,95
Dupont ¥icropan : 1.00 1,00 0.728 0,828 0,78 0.82 0.85 0.77 0.56 0.69
Dupont ?arﬁan : 1,10 1,00 0.87 1.086 0,828 0.85 0.87 0.85 0.87 0.89
Dupont Superior + 1,10 1.,15 1,08 1.289 1,05 1.03 1.00 0.9 1.00 1.04
Bagtman Mierofile 1 0.66 0.64 0.64 0.68 0,54 0.686 0.77 0,38 0.38 0,65
Bastman Panatomiec X ¢ 0.84 0,81 0.81 1.04 0.81 0.87 0.928 0.63 0.7¢ 0.69
Bastman Plus X t 0.79 0.77 0.87 0.85 0.81 0,90 0.87 0.69 0.82 0.74
1 0.97 0.85 0.87 0.90 0.98 0.85 0.87 0.74 0.82 0.88
:

Pagtman Super XX

ﬁggm



amma 0«6 in Champlin 16 at 28.8° ¢.

Table III {Continued)

Ca
Agfa Finopan t ﬁsm, m@ss 0.76 0.69 0.864 0.93 0.74 0.87 0.86 0.98
Agfa Plenachrome : 0,84 1.00 0,87 0.77 0,75 1.03 0.80 0.93 0.89 0.94
Agfa Superpan Bupreme: 0,91 0,656 0.89 0,70 0.72 a,gﬁ, 0.77 1,03 0.82 0,80
Agfa Ultra Speed : 1,04 1.24 1.028 l«ﬁ& 1,06 1,14 1,09 1,17 1.21 1.10
Dupont Mieropan ! 0.88 0,70 0,80 0.93 0,79 0.73 0.83 0.97 0.92 0.88
Dupont Parpan 1 0.88 0,61 0487 1.00 0.86 0,77 0.91 1,03 0.82 0,92
Dupont Superior t 1,14 1,17 1.18 1,186 1.00 1,83 1.858 1.33 1.04 1.13
Eagtman Mierofile : 0,528 0443 0.56 0,628 0.53 0.45 0,606 0.80 0,60 0.54
Bagtman Panatomiec X ¢ 0.91 0,81 0.91 1.02 0,87 0.89 0,86 0.97 1.08 0.98
Bagtman Plus X 1 0.94 0.86 0,94 1,00 0,98 0.93 0.94 0,93 0,90 0.%0
Eastman Super XX : 1,01 0,81 1,08 1.12 1,14 0.93 1.11 1.17 0.96 1.06
N S A R V- N T S - DN - S AN ' R
Agfa Tlinopan : 0480 0.85 0,86 0,85 0.84 0,90 0.928 0.70 0.69 0,72
Agfa Plenachrome : 1,00 1.00 0.85 0,95 0.97 0,928 0.89 0.79 0.74 0.88
Agfa Superpan Supreme: 0,95 0.86 0.86 0.91 0.8l 0.96 0.92 0,90 0.79 0.80
Agfa Ultra Speed s 1.24 1,06 1,11 1.17 1.08 1.10 1.14 1.05 1.00 1,04
Dupont Hieropan : 1,08 0,97 0.92 0.88 0,82 0.92 0.80 0.86 0.79 0.8
Dupont Parpan $ 1,05 0.99 0,95 0,99 0.89 0,95 0.98 0.78 0.87 0.85
Dupont sSuperior : 1.16 1,14 1.14 1.82 1,05 1,00 1.02 1.14 1.05 1.11
Eastman Mierofile t 0,63 0.82 0,56 0,59 0.54 0.83 0.84 0,66 0.36 0,55
Eastman Panatomic X : 0,95 1.04 1.00 1,18 0,87 0,90 0.98 0,8l 0,79 0.85
Hastman Plus X : 1,00 1,02 0.86 0,80 0.96 0.98 0. %5 0,92 0.79 0.96




Table III (Continued)

D. Fillums developed to gamma 0,6 in Harvey 777 Panthermic at 23° ¢,

0.84 1,00 0.84 0.84 0.64 0,75 0,77 0.87 0.85 0,88
0.87 0,74 0.82 0.88 0,75 0,95 0,77 0.90 0,81 0.85
0.92 0.94 0,93 0.94 0,78 0.86 0,83 0.97 0.86 0,94
0.99 1,15 0.98 1,12 0,92 1.09 1.09 1,10 1.05 1.06
0.70 0.54 0,76 0.81 0.79 0.68 0,80 0.80 0,70 0.81
0480 0,59 0.87 0.88 0,81 0,75 0.81 0.93 0.86 0.88
1,14 1.22 1,11 1.19¢ 1,00 1,09 1.33 1.37 1.02 Ktl?
{335? @ﬁ&ﬁ G&ﬁg ’ Gtﬁﬁ ﬁaﬁ@ @*‘%5 @w%ﬁ Q«ﬁ? Qvﬁﬁ E}tﬁ%
Qa?& &iﬁl 0.84 0.87 0,78 0,77 0.88 0. @? 0.79 ﬁg?%
D.84 0.78 0,85 1,09 1.08 0,86 1,08 1.07 0.86 0,90

Agfa Finopan
Agfa Plenachrome
Agfa Superpan Suprenme
Agfa Ultra Speed
Dupont Mleropan
Dupont Parpan
Dupont Superior
Bastman Mierofile
Eagtman Panstomic X
Eastman Plus X
Bastman Buper XX

0.92 0,80 0.81 0.87 0.81 0.84 0.80 0,77 0.74 0.85
0,79 0.91 0.88 0.93 0.82 0.91 0,92 0.77 0.74 0.86
0,98 0.87 0.8% 0.85 0,96 1,00 0.87 0,86 0,79 0.96
1.21 1.11 1.08 1.12 1.01 1,03 1.00 0.88 0.79 1.04

Agfa Pinopan
Agfa Plenachrome
Agfa Superpan Supreme
Asfa Ultra Speed
Dupont Micropan
Dupont Parpan
Dupont Superior
Bagtman Microfile

1,05 1.00 0.80 0.95 0.91 0.97 0.93 0,82 0.79 0,90
1.81 1.08 1,07 1.27 1.09 1.18 1.08 1,03 1.05 1.11
0.63 0463 0.67 0.55 0,57 0,61 0.728 0.80 0.38 0.53
Zastman Panatomic X 1 0,90 1,04 0,95 1.01 0.84 0.95 0.90 0.77 0.74 0.94
Eastman Plus X 0.87 0.82 0,81 0.81 0,76 0,90 0.77 0,73 0.62 0,91
Eastman Super XX : 1,13 0.99 0.83 0.87 0.8% 1,00 0.95 0.93 0.74 1.00
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1.08 0,99 0.88 0,78 0,85 0.90 0.82 0.67 0.56 0.80



