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INTRODUCTION

A . Statement of the Problem :

Photographic print resolution until recent years,

was considered only as the sequence of the photographic

process. However, with the increased dependence of

military campaigns upon photographic reconnaissance,

the need for investigating photographic print resolu-

tion, independent of negative resolution, was apparent.

A small amount of work was done during the war on the

various phases of this problem, but because it was

still relegated to a minor role, the results were

scattered and inconclusive. This thesis is then an

attempt to determine the fundamental problems involved

in print resolution.

3 . Resolving Power of Photographic Materials :

Photographic resolving power, according to Huse'
1'

is defined as the distance by which two minute images,

lying adjacent to one another, are just separated in

the developed plate. In the judgment of the separation

it is assumed that the image is so viewed as to be well

within the resolving power of the eye, and also not

magnified to an extent that will make the individual

silver grains more apparent than their groupings.

The resolving power is a function of the following

quantities: The turbidity, gamma (i.e. the slope of the

straight-line portion of the D log E curve) , visual

resolution and lightness ratio of the test-object.

1. Huse. K .. "Photographic Resolving Power", J.O.S.A.

p.119, 1917
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III.

2
Ross attempted to link together the relevent properties

and arrived at the formula: R= KV
? a+bd2 where R is

the resolving power in l/mm, the slope of the

characteristic, d the grain diameter, K the scattering

constant as derived from the illumination intensity
- K t

equation, I=I 0 € , and a+b empirical constants. This

formula was not satisfactory, since graininess and not
3

grain size was involved. Frieser and Links did succeed

in proving that the just discernible density difference

between light and dark lines in the negative depended

upon the grain size of the negative emulsion, but even

with this evidence the determination of the resolving

power as a function of the properties of the emulsion

could not be established with any precision. A mass

of information has been collected relating resolving

power to exposure, wave-length, time of development,

constitution of developer, type of test object, con-

trast, and emulsion properties.

C. Determination of Processing Procedure:

By reason of the problem, a processing system

had to be set-up which could be adapted for ordinary

and large scale production of prints. With this and

the recommended processing periods of time in mind,

the following system was set-up.

Developer: Eastman Kodak D-72 — 1 min. at 68°F
Short Stop Bath: Kodak SB-1 — 30 sec.
Hypo: ----------- — 15 min.
Wash: - -- -- -- -- -- — 1 hr. cont. asitati.cn
Dry: ----------- — Pako drier at 15Q°F

(total time 8^ rain)

2. Ross. ’’Physics of the Developed Photographic Image”

Astro. Phys. J. 52, p. 201, -1920

3. Frieser & Links. ”Zeits. f. Wiss. Phot. 37. d.19.

1938
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The safelights employed with each paper used was as

recommended by the manufacturer.

Determination of Variables and Results;

Since the number of variables were too numerous

to be evaluated, it was decided that this work would

be limited to the basic variables.

The first problem in this connection was to de-

termine the best type of light source. Four types of

printers, all involving different principles were em-

ployed: the Army Printers A-ll and A-14, both approxi-

mating 100$ diffuse light; the Eastman Kodak Studio

Printer, used without diffusing glass, giving fair

point source illumination; the Edgerton Flash Unit

with a printing frame, yielding highly directional

light; and a laboratory printer, yielding incident

light of a maximum angle of 0.31°.

The experimental results show that the closer

we approach either parallel or point source illumina-

tion, the higher the value of resolution.

The second problem, logically, is a comparison

of the maximum resolution of chloride and bromide

papers. This was done in all contrasts on glossy and

semi matte. In addition, a multicontrast glossy paper

was used.

Employed in the tests were Azo and Velox Contact

Printing Papers, Kodabromide Enlarging Paper, and

Varigam Multicontrast Enlarging and Printing Paper. The

results of the tests show that of all the papers used,

Varigam, when used without a filter, gave the best re-

sults. In the comparison between semi-matte and glossy

papers, it was found that semi-matte gave a higher

average maximum resolution. The Bromide paper was
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found to record a higher resolution than the chloride

in all cases, while Grade 2 Paper was found to give the

highest average resolution of all the grades of paper.

The third and last of the basic problems to be

considered was the effect of pressure on photographic

print resolution. A set of conditions were taken from

the tests of the previous problem at random and prints

were made with increasing pressure. The resulting curve

proved to be asyrrptotic leveling off at a maximum value

of 80 1/mm at a pressure of 51bs/sq.in.

By the use of the original constants and the in-

corporation of these experimental results, the way is

now cleared for further detailed study of the problem

of photographic print resolution.
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CHAPTER I

A. Statement of the Problem :

1. The effect of Source on the Resolution of photo-

graphic printing paper.

2. A comparison of the Army A-ll and A-14 contact

printers

.

B . Experimental Procedure :

1. Materials

a) Test ob.ject :

The negative used in this work was a U.S. Army

test object of infinite contrast and maximum

resolution of 200 l/mm. (See Appendix A)

b) Positive Material :

The positive material used in this test was

Azo paper. Grades 0-5, glossy, smooth, white.

2. Processing Procedure for Entire Research

a) Developer used was D-72 diluted one part stock

to two parts water.

1. The first four prints developed in the fresh

solution were discarded.

2. Only fifty prints were developed in each

quantity of developer.

3. Each print was agitated throughout the period

of development.

4 . Each print was developed for one minute at

67-71° F.

5. All prints on Azo paper were developed under

a series 0-0 Wratten safelight.

6. All prints on Bromide paper were developed

under a series 0A Wratten safelight.

7. All prints on Varigam paper were developed

under a series 3 Wratten safelight.
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2 .

b) All prints were immersed in short stop bath

Kodak SB-1 for thirty seconds.

c) All prints were fixed in hypo for 15 minutes.

d) All prints were washed for one hour with con-

tinuous agitation from Kodak tray syphon.

e) All prints dried on Pako Drier without any gloss

treatment at 150°F over time period of 8^ min.

f) All matte prints dried on Pako Drier without

gloss treatment, face down at 200°F over time

period of 8^ min.

3 . Discussion of Experiments

a) Army A-14 Printer :

1. Description - The printer handles negatives
up to 9x18 inches and is equipped with Argon
lights. The light is spread out evenly
through a piece of frosted glass. A pneu-
matic rubber bag, which is instrumental in
eliminating air pockets, provides uniform
contact between the negative material, the
sensitized paper and the negative glass.
The time of exposure was controlled by a
professional-type electronic timer.

2. Prints were made on Azo Paper, glossy, white,
smooth. Grades o-5 inclusive.

3. Processing was carried out as outlined.

4- Pressure was considered equal to zero.

b) Army A-ll Printer :

1. Description - The printer handles negatives
up to 9x9 inches and is equipped with Argon
lights. The light is spread out evenly through
a piece of frosted glass. A pneumatic rubber
bag, which is instrumental in eliminating air
pockets, provides uniform contact between the
negative material, the sensitized paper and
the frosted glass. The time of exposure was
controlled by a professional type electronic
timer

.
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Figure 8— Exploded View—Main Assemblies

KEY TO FIGURE 8

Index No. Name Index No. Name
1 Box assembly 10 Clip
2 (.'rank bracket assembly 1 1 Rear tension spring

3 Spool bracket assembly 12 Rear spring support bottom rod

4 Diffusion glass n Electric plug
5 Printing glass 14 Cord
6 Clip 15 2-polc receptacle

7 Rear lid support rod 16 Extension cord assembly
8 Lid assembly 17 Spool bracket assembly
9 Rear spring support top rod IS ( rank bracket assembly
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Figure 9—A-II Printer Without Lovorlid and Ud Attombly

KEY TO FIGURE 9

Index

No. Nomenclature

1 Glass—Printing

2 Glass Assembly—Diffusing

3 Shutter

4 Receptacle— Recessed, three-pole, male

5 Screw— Flathead, No. 6x%-in.

6 Bearing—Angle

7 Spool Assembly— Bracket, left

8 Cover—Ventilator

9 Screw— Roundhead, No. lOxI-in.

10 Screw—Machine

1 1 Switch—Micro

1 2 Pin—Cotter

13 Screw—Roundhead, No. 6x%-in.

Index

No. Nomenclature

14 Panel Assembly—Switch

15 Screw— Recessed No. 4x'/2'>n -

16 Roller

17 Bearing—Needle

18 Pin—Flathead

19 Casting—Housing

20 Box Assembly—Wood
21 Light Assembly—Base

22 Spool Assembly— Bracket, right roller

23 Roller

24 Receptacle— Recessed, two-pole, male

25 Track—Upper and sign

26 Track—Lower





Figure

12
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Wiring

Diagram

for

A-ll

Printer





2 . Prints were made on Azo Paper, glossy, white,
smooth. Grades 0-5 inclusive.

3. Processing was carried out as outlined.

4. Pressure was considered equal to zero.

Kodak Studio Printer:

1. Description - The printer uses a strong
single concentrated light source which is
projected to the negative in a narrow cone
without diffusion. The light is projected
through the negative by reflection from a
parabolic mirror. The light source was a
250 watt projection bulb. The pressure plate
consists of small rubber pegs molded in a
solid sheet of translucent rubber, backed
up with heavy cellulose acetate attached to
metal plates.

2. Prints were made on Azo Paper, glossy, wrhite,
smooth. Grades 0-5 inclusive.

3. Processing was carried out as outlined.

4* Pressure was considered zero, which was
facilitated by removing the pressure springs.

Laborator y Point Source Printe r

:

1. Description - The printer consisted of two
five foot long rectangles, one of which
fitted into the other. The top was covered
with a piece of f” plate glass. A heavy
piece of steel was used as the pressure plate
with a piece of masonite separating the steel
and the positive material to insure even
pressure over the entire area. The lower end
of the top half was fitted with various aper-
tures to control the amount of light passing
through to the negative. The sources used in
this setup included: a 300 watt projection
bulb; a 100 watt frosted bulb; and the
Edgerton flash unit.

. Prints were made on Azo Paper - glossy, white,
smooth, and Kodabroraide - glossy, white,
smooth.
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3. Processing was carried out as outlined.

4. Description of tests.

(a) The first tests were made with the
Edgerton flash unit on Azo F-l printing
paper, using a aperture covered v/ith a

piece of ground glass. The distance from
the pinhole to the negative material was
five feet and the distance from the top of
the bulb to the pinhole 2^" giving a total
distance of five feet 2.5".

(b) In the next set of tests, the aperture
was increased to 1" and the ground glass re-
moved. Exposures were made with the Edgerton
Flash Unit, 100 watt frosted bulb, and a
300 watt projection bulb on Azo F-l and F-5
printing paper. The distances from top of
source to glass were as follows: Edgerton
Unit 5 *

f 2.5"; 100 watt frosted bulb 5’, 5.75”;
300 watt projection bulb 5’, 3.5".

(c) In the next test the aperture was re-
duced to 3/32" and exposures of long duration
made with the 100 watt frosted bulb on Azo F-l
Printing Paper.

(d) A column of brass five feet long and
9/16" in diameter, painted flat black inside,
was then mounted in the upper half of the
printer. A 3/32" aperture was used with a
300 watt projection bulb and exposures were
made on Kodabromide F-l enlarging paper.

(e) The aperture was then reduced to .0135"
in diameter and exposures were made on
Kodabromide F-l enlarging paper with a 300
watt projection bulb through the five foot
collimator

.

(f) The aperture was then increased to 3/32"
in diameter and exposures were made on Azo F-l
printing paper with a 300 watt projection
bulb through the five foot column.

(g) The final tests involved a .0135" aper-
ture with the five foot column. Exposures
were made on Kodabromide F-l enlarging paper
with a 300 watt projection bulb.
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5 . The pressure on the test object and sensi-
tized paper was calculated as follows:

Total weight of steel
and masonite

Total area of test
object

Calculated pressure
per square in.

e ) Edgerton Flash Unit

:

1 . Description

(a) Flash Unit Operation : Line voltage of
120 V., A.C., is stepped up to an ft.M.S.
value of 1650 volts, which is rectified and
applied to the discharge condenser, giving a
direct voltage of about 2000 V. This voltage
is also applied directly across the flash
lamp. When the trip switch is thrown, posi-
tive voltage is applied to the screen grid
of the tube (Strobotron) , causing a pulse
of cathode current. Cathode voltage rises
in a positive direction, discharging the .01
MFD condensor through the spark coil. The
intense electric field produced in the gas
of the flash lamp by the secondary winding
of the coil ionizes the gas, allowing the
main dishharge condensor to discharge through
the flash lamp. The system will then re-
main inoperative until the main discharge
condensor has had time to charge again.

(b) The Flash Lamp ; It is a five turn
helix of quartz tubing provided with two
electrodes and filled with Xenon gas. The
source size is approximately 1 and 3/16”
by 1 and 5/S”.

(c) Characteristic s:

Operating volts (DC) = 2000 volts

Maximum capacity at
recommended operating
voltage

= 5.25 lbs.

= (3x4”) 12 sq. in.

= .4375 per sq. in.

100 microfarads












































































































































































































































































































