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ABSTRACT 

Four Kodak films — Pan-X, Plus-X, Tri-X, and High-Speed Infrared — 
were exposed to slit images (1.7 x 14 mm) over a range of 104 E. Samples 
were developed in D-19 and D-76 for high- and low-contrast control and in 
three Tech/Ops extended dynamic ran^ß (XDR) developers — E-20A, E-20B, 
and Type TV. Subsequent analyses showed that the XDR developers produce 
lower granularity than the control developers and thus greatly reduce the ap- 
parent flare and increase detectivity, even at low density and gamma. 
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SECTION I 

INTRODUCTION AND SUMMARY 

On this program, v^e have scudied the photographic development of overexposed 
images, using developers that apparently reduce flare, leading to more accurate mea- 
surement of image dime, jions, and allowing more accurate photometric interpretation 
of th:) images. 

These "Extended Dynamic Range" (XDR) developers were first formulated in our 
laboratories, in part under earlier government programs!» 2 supported by Rome Air 
Development Center and in part by independent research at Tech/Ops.    These XDR 
developers, as a class, develop conventional films to low densities and gammas with- 
out an undue loss of toe speed (low light-level sensitivity).   They also have the unusual 
property of allowing the developed film to show a continual rise in density with in- 
creasing exposure, over an extended exposure range of up to 106E, without exceeding 
a Dmax of 2.0.   Similarly, if the conventional films studied (Kodak films Pan-X, Plus- 
X, Tri-X, and High Speed Infrared) are given a strong image overexposure (.hat is, 
are used to record a wide dynamic range within one exposure) then the XDR developers, 
in contrast to the control developer, bring up the image with an apparent reduction of 
flare and increase in detectivity.   As a result of the work performed on the present 
program, we attribute the reduction of flare largely to a reduction of the granularity 
of the image produced by the XDR developer. 

This program has been supported by the Advanced Research Projects Agency 
(ARPA) through the Air Force Cambridge Research Laboratory (AFCRL),   It has been 
performed in conjunction with a related program, suppor >d by Rome Air Development 
Center (RADC), now concluded. 2 This dual support resulted from the diversified in- 
terests of the two agencies.   The program supported by RADC was devoted to extended 
exposure-latitude studies.   In the final report of that program, 2 we presented extended 
exposure-latitude results for XDR developers on specific films, as a function of reso- 
lution, and in terms of new extended range functions.   The present program, supported 
by ARPA-AFCRL, concerns the application of XDR developers to specific films for the 
recording of wide dynamic range exposures and the reduction of flare.   The RADC re- 
port2 should be read in conjunction with this present one for a more complete under- 
standing of XDR developer performance, and for convenience, some of the sensito- 
meti'ic and resolution data of that report are included here. 

The results of this present program would appear to be applicable to the photo- 
graphic recording of strongly illuminated or self-luminous objects whose dimensions 
and surface temperatures are to be determined by photographic measures.    Photo- 
graphic tests of this type have been performed on this program in cooperation with the 
Lincoln Laboratory  but the results of these tests are not available for inclusion in 
this report. 

The major findings of this program may be summarized as follows: 

1.    Four convontional films (Kodak Pan-X, Plus-X, Tri-X, and High Speed 
Infrared) were exposed to slit images (i. 7 x 14 mm), whose exposure range varied 
over 104 E.   Qualitatively, the flare appaars to be greatly reduceu by the use of XDR 
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developers.   This was checked by low power (8 X) observations of the slit images, 
and by high power (20 X) microdensifcon.eter measurement of the images.   At low 
power, the measured values for the XDR-developed slit widths remained accurate 
to 12% (1.7 to 1.9 mm on the film), as a function of the 104 exposure range, while 
the measured values on the control-developed (D-19) exposures quickly became 
inaccurate and finally immeasurable at heavy exposures. 

The microdensitometer traces of the developer! slit images did not 
allow fo" rn accurate determination of the slit width because of complex enje effects. 

2. Microdensitometer traces of the developed slit images showed that XDR 
processing produced a lower granularity than the control, and this makes a major 
contribution to the decreased flare and increased detectivity associated with XDR 
processing. 

(a) The flat density portions of the scanned slit images 
show fewer fl ictuations than the control at constant 
scanning aperture (i. e., lower granularity).   This 
gives the image an appearance of reduced flare and 
should enable one to make more accurate photometric 
readings of the images. 

(b) The fewer fluctuations of the scanned imag-'* (lowsr 
granularity) are interpretable in terms of increased 
detectivity.   In the numerous photographs of high 
intensity objects taken in our laboratory (such as that 
of the projection lamp shown in Figure 14 tslow) more 
image discrimination is t »served on the XDR- 
developed images than on the control-developed images. 

3. The XDR-developed slit images show a sharp edgp enhancement easily 
seen on the microdensitometer traces that does not appear on the control traces. 
This effect »eems to cent, ibute to the greater accuracy with which we can measure 
the dimensions of the XDR-processed slit widths at low power. 

4. The XDR development in wide exposure-range studies of sensitometry 
and resolution  produces peak resolution values that are comparable or superior to 
those of the control development.   More important, it gives high resolution over a 
greater exposure oi intensity range than do the control developers.   We attribute 
this in large part to the reduced granularity of the XDR developers, which can make 
up for the apparent loss of contrast (lowering of 0amma) produced by these developers. 

5. The XDR processing of the films studied on this program gives reduced 
density, gamma, and toe speed compared wilh control procoucing.   But the lower 
granularity of XDR development allows the films to show high detectability even at 
low density and gamma.   The lower toe speed is of consequence only in the region of 
very low level exposures.   We have not done extensive testing of detectability in this 
region. 
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In the sections that follow, we shall first present a summary of sensitometric 
and resolution data taken at low intensity exposure, that jums up the wide latitude 
and range capability of the developers.   We shall next introduce the quantitative 
concepts of granularity and detectivity as an introduction to our flare studies. 
Finally, we shall present our experimental flare work, and drav: conclusions based 
on the relationship between XDR development characteristicb and granularity theory. 
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SECTION n 

SENSITOMETRIC AND RESOLUTION RESULTS 

EXPERIMENTAL 

At the outset of this report, we shall first summarize the sensitometric and 
resolution data obtained on films of interest, for control and XDR developers, under 
conditions of low intensity and extended exposure time.   These results will be sum- 
marized in Tables I and n and in Figures 1-10. 

Film Types 

In Table I, we list the four Kodak films studied on this program.   These films 
were chosen because they are the film types most used by the Lincoln laboratory in 
the field photography of highly illuminated objects.   The Lincoln Laboratory task 
involves the rer .>rding of spectra, the photometric reduction of data, and some 
measurement''. v/uject dimensions. 

TABLE I 

DEVELOPER FORMULATIONS USED IN THIS REPORT 

(g/liter) 

Formulation 
T/O XDR Developers Kodak Developers 

E-20A E-20B Type IV D-19 D-76 

K2S03 25 50 25 - - 

Na2S03 - - - 90.0 100.0 

Metol (Elon) 0.5 0.5 0.5 2.0 2.0 

Hydroquinone (HQ) 0.5 0.5 0.5 8.0 5.0 

K2C03 - - 10.0 - - 

NagCOg - - - 52.5 - 

Borax - - - - 2.0 

KBr - - - 5.0 - 

Kodak Film Type Recommended T/O Developer 

Pan-X X X 

Plus-X X 

Tri-X X 

High Speed m X 
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Developer Formulations 

In Table I, we also show the formulations of three XDR developers:  T/O E-20A, 
E-20B, and Type IV, as well as those for the twr control developers:  Kodak D-19 
(Air Force high contrast) and D-76 (Air Force low contrast). 

All the developers of Table I are superadditive in Hydroquinone (HQ) and Metol, 
stabilized with sulfite ion.   Jr. this common type of developer, Metol (p-methylamino- 
phenol) initiates development and, upon being oxidized, is regenerated by HQ. 
Oxidized HQ is stabilized by sulfite ion to form the nonstaining sulfonate.   These 
developers show constant activity (due to regeneration) and remain clean throughout 
development.   The high activity of D-19 and D-76 is established by the higu ratio of 
HQ to Metol, and by the relatively high alkalinity set by carbonate in D-19 and by 
berate in D-7C.   The high activity of D-19 requires the presence of bromide ion as a 
development restrainer. 

In the XDR developers, activity is greatly reduced by the use of a low HQ-to- 
Metol ratio and by very moderate pH (set by sulfite alone in E-2C \ and E-20B and by 
a low carbonate concentration in Type IV).   He vever, the use of HQ-Metol does give 
sufficient developer activity to establish a good toe speed and to allow for the develop- 
ment of good density at high exposure. 

Exposure Step Tablets 
3 

The XDR developers produce extremely low tonal densities over a 10   E exposure 
range.   To properly present the characteristics of these developers, a step tablet 
that covered 106 E units was made from a normal 21 step No. 2 tablet (35 mm x 6 in.) 
by placing a No. 3 neutral density filter along one half the length of the tablet.   In 
this manner, the new tablet showed 41 steps of different density from 0 to 6.0 
(step 21 = step 22) covering an attenuation of 106 (6 log E).   On each of the 41 steps, a 
USAF 1951 High Contrast 3-bar resolution fbar density - 2.0) was superimposed by a 
careful printing procedure.   Therefore, by photographing an experimental film in con- 
tact with this 41-step resolution wedge, both a characteristic curve and a high-contrast 
resolution curve could be exposed.   The resolution values determined by this method 
cannot claim to be the maximum resolution of which the film is capable, primarily 
because of contact exposure problems.   However, the resolution-log E curves we have 
obtained show the exposure range of resolution, and the values are accurate on a rela- 
tive basis. 

Sensitometric Fxposures 

Each film tested was exposed to the XDR resolution step tablet in a Tech/Ops 
calibrated white-light sensitometer.3 The lamp was corrected to 5500 K with a 
standard blue filter. The unattenuated light Intensity on the film plane was 125 mc 
(metercandles). To ensure that the test films received enough exposure, the exposure 
time was set at 10 sec, so that the unattenuated exposure striking the film was 
1250 mesec.   Since the step tablet had an attenuation of 106 E, the exposure on the 
first step (most attenuated) was 0.00125 mesec, so that Abs log E = 7.10-10. 

The maximum intensity of 125 mc on the film plane of the sensitometer is only 
reasonably high.   Therefore, in the slit experiments to be described below, the 
(mercury lamp) intensity was set about 10-fold higher, I» 1250 mc, so that an 
exposure of the slit image of 1 sec produced an exposure of 1250 mesec on the film, 
which is quite intense, and caused severe overexposure on all films tested. 

I 
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Processing and ReadlnR 

Exposed wedges were developed in D-19 undiluted for 4 min at 680F for a 
high-contrast control and in D-76 (diluted 1:1) for 4 min at 68 F for low-contrast 
control.   The three T/O XDR developers were all used at 4 min, 680F.   In all cases, 
tray processing with hand agitation was used. 

Densities were read in the diffuse manner on a MacBeth Quantascan densitometer. 
Resolution was read by microscope observation of the developed targets-the highest 
resolved target on each step was recorded. 

Characteristic Curve-Resolution Paper 

A new XDR sensitometric-resolut^on chart paper was designed for use in this 
work2 (see Figures 1-8).   The lower horizontal coordinate is log E, covering a range 
of 0 to 6.   The upper horizontal coordinate consists of 41 steps superposed on the 
log £ scale.   The left-hand vertical coordinate is density and is linear with log E. The 
right-hand vertical coordinate is resolution in lines/mm, read as the maximum resolu- 
tion target on each step, observed by microscopic examination. i 

This chart paper is used in the D-log E mode in Figures 1, 3, 5, and 7 and is 
used in the resolution-log E mode in Figures 2, 4, 6, and 8.   This presentation of 
resolution data is especially interesting and is standard in our laboratories, since it 
shows the exposure range over which a resolut! -m value is maintained by the devel- 
oped Ulm. 

RESULTS 
« 

Characteristic and Resolution Curves 

Figure 1 shows a set of characteristic curves for Pan-X, and Figure 2 shows the 
resolution-log E curves for the same film.   The behavior of these curves is character- 
istic of the other three films stu'iied, as shown in Figures 3 to 8.   hi Figure 1., the 
D-19 curve would appear to show as great a latitude as the other curves, but much of 

| this latitude is at densities above 2.0.   Observe in Figure 2 that the D-19 resolution 
curve peaks belc v the others, and starts to fall at log E values of 3.3 and above, at 
which the density (Figure 1) is 2.6 and above.   The D-76 curve would appear to have 
a latitude equal to that of E-20A and Type IV, but this latitude is obtained at higher 
density.   The detective superiority of E-20A and Type IV over D-76 is shown in Fig- 
ure 2, where we find that the peak resolution values for all three developers is about 
the same, but the log E range of higher resolution values io much broader for the XDR 
developers than for D-76. 

In Figures 3 and 4, data for Plus-X are plotted.   The D-19 curve for this devel- 
oper quickly goes to high density, and the resolution curve is accordingly quite low. 
Again, the range of D-76 appears to be comparable to that of Type IV.   On this film, 
E-20A seems to be too slow for effective use.   However, the resolution data of 
Figure 4 show E-20A to be the superior h'-h-resolution developer, with Type IV having 
an equally wide range at 70 i/mm. 

The behavior of Tri-X, shown in Figures 5 and 6, is similar to that of Plus-X. 



■ v- ^%&mmmm&Ki&&®i&$sm£n 

luuj/^NOiimosaa 
SOOOOOOOOOOor-,        i-.     >•>     ^      /->       ,-.      r^ 

a: 

LÜ 

O 
O 

> 
t- 
«I 
_1 

I 
0 

i 
0 
a 

as 
9>    I 

s 

oa 9 

"I 
n 
R 
s 
i a 

JS 

2 

!     ! 
I 

o 

=  c 
UI 7. 

I 



ujuv^NOumosaa 
§?i°§8i?§§8gg^o^§oog 

in tf> 
-t l 

o 
UT 

«r 

0 
a 

a- 

ll 
U) HJ 
fi oc $ w 

z) > 
m 

CO 

? sg 
ro X. .X 
O 3 §3 

UJ ft   - 
N- > ^^ 
(\1 \- o < tw   U 

M- 
-J s^ 

rj cr 

(M 

cu s 
3 

m co 

s 

xi;sN3a 

tii I 
o 

o    f 

B o   g 

. T 



ujiu/^NOumosad 
SoooOOOOOOOoo       oooo      oo 

<o 
t- 

0) 1 
P 

in 
<T 1 

Q 
w 0 « • ■M 

01 

ID UJ >    1 
rO X 

3 
Sw 

to « 
X ^S 

O 
rO 

Id 

IS 
o 
-1 

§1 

t- 

UJ 
> 1^" 

tt 

< 
UJ 2 K 

r>i tr 

u« 
C\J 

'■s 
Oi 

in 

5 
w u 

« 

b 

TJ-KlfOfOfOfOOjOJ'NJOJCJ        —        — 

AilSN3G 

CVJ      o      oo      <D       T      CM      O 
~     -     O     O     O     o *• 

«5 

o 

6 

i 
o 



~. ■■ 

uJUJ/^NOIiniOS3d 

SoOOOQQOOOOrsr»      o     o    «     n      rs     r. 

i 
Q 

oT 
I 

o 
a 

« < 
0,0 
ON 

3§ 

i 
o a 
s 
•<i<" 

P 

AilSN3a 

y o   ? 
ID W 

5S 
A 6 

•* 

10 



8 
ww/^Noiifnosaa 

o    o    o    o 
<D     cu     r-     (0 

O 
ill i§§?8g§gSS5§S8g 

0> 

in 

(M 

o 
2 
c. IM 

UJ 

CO    01 _ 

K 

—|— 
■ 1 

*    f 

i 
■ ! 

* 

■ I 

i 
■ i 
■ i 

""i i    

■ 

■ 

• 

■ 

—, 

■ 

—rrm— 
.... 

  
•     '     ■     ■     ' 

..... 

,     -     ■     ,     ■ 

.     .     .     t     . - ■ 

1     . 

| 

4^-—^■— 

i 

1 : ' 
1     ■     ■ 
i 
] • 

i   -   ■ 

—,—,— 

^ 

■ i 

■ i 

—h 

■ r 
■ i 

-■- 

r   ■ ! r.y,. 1:.,:  .. 
V          ! V           \\    < 
\: i   .   .   . 

*     t     ' ::V:T:]t:i : i 
\      1 .   .__....... .   i A 

I.-] IL 

,i 

11   ! '            > 
ir r i .  :   . ■     |     ' 

.   :   . 
,       .      .       . 

■ 

•     t     ' ■ * i ■m-\^ 
+ ._f.     J-       u. 

■ :; ■ 

_- 

.". . . i..] 

\ A — 
r       + 

— I j   .   ... 

1   '   i   ... \ 
■ 

; i ■ i •■ ' m 
i   » H. i . rs.. ... i j - i --J W   *    1   T" -^     ' 

i 

i   _   i i a ::-:\ t 4    .    .    i     .     , 

> W ! \ ;   1 

v T ! W   A 1 

j .   .  .   ;  . N fi^w; \ - ^^ K m \[ i 

,   1   . :]N. E^, 

■ 

- • 
■ 1 - \l 

.   .   .   i 

;  .  .  .     ,   :  .     .  ! . .  . 

•i    .         .1.1   ^^ 

1 , 
■        ■     ■'•••!•:■ 

: .  ; . 1 . 1  .  , . 1 Mir 
-   ,   .   ■ .,....,,,.. i ... j . i . i • , . i . . 

in 
!  .  i  .  I .  j . - .     i     .          .                j 

I ■■\-m\m 
!    i    i    :    ,    i . ! i 

.1         i         I    ,.,,;,.   .1 .,     1         i         1         ;„       ;         I         ;         ;         i 

0! 

I 
O 

1-4 
I 

P 

H1© 
^ M 

tt>    1 
UJ > w 
3 
to Dtf 
O 

X x-S 
UJ 

,'. "ö o 
o _) M 
UJ > Is 
<: 
UJ 

3 ^y 

|S 
B 

■c s 
s 
M 

Ü 

li5 

' 

O      CD       •_        ^-       (M 
"<J-      Pi       K)       fO      fO 

O       CD       'li       q- 
ro     (VJ    (vi    (\j 

t\i     o     to    to 
(M C\]        —        _ 

o    CD    u>    ^r    PJ    o 
-    o    o    o    o 

AilSN3a 

o 

t-4 

s 

I 
o 

11 



! 

uj^/^NOiimosa« 

§§?gS§e§5gg§oogo8Oo 

CO <£> 
*r 

i 

m 
T * 

P 
.s 

ro -o < « o 

U3 ÜJ O   1 
1" (t 

ro 
X 

> DO 

Ul 
X 'S 

O 
ro 3 i * 
r^- 

ÜJ 
> t£ 

CJ h- O ai < «JS S 
_] u 

tsi a: 
CO  S>i 

<M 

to ■J3 

1 
in oo 

<S 
rvj 
- to 

o 
s 
Efi 

ID 

Ö 

A,JLI5N30 

h 

o 

l\. 

-p 

12 

i 



Of particular Interest is High Speed IR film, whoso CUVGP are shown in 
Figures 7 and 8.   Observe that D-19 shows a very narrow exposure latitude and 
moderately low resolution values; yet this developer is generally used for this film 
because of its high tee speed, as seen in Figure 7 (to be discussed below).   Of the 
other developers, £-76 appears to show good range compared to Type IV and E-20B 
(note the curve for E-20A is too slow for use with this film, and so data for E-20B 
aro given-see Table I).   However, the resolution data of Fijrure 8 show superior peak 
resolution and width of resolution for the two XDR developers. 

SUMMARY OF DATA 

Of considerable interest to experimentalists is the effect of new developers on 
film speed or sensitivity.   These effects are best observed by direct field test or by 
examination of the characteristic curves.   However, a speed point, S, can be calcu- 
lated that is similar to the ASA speed criterion: 

S = 1/E (mesec at D = 0.1 + fog) 

(in the ASA convention, S = C. 8/E, where E is in mesec at 0.1 above fog, but under 
stringer.., conditions of developer and developed contrast).   These speed values are 
tabulated for the films studied in Table 11 and are plotted as a function of developer 
type in Figure 9a.   These values indicate that D-19 always shows th«* highest toe 
speeds, that E-20A (oi E-20B) shows low speeds, while Type IV speeds are just 
lower than those of D-76.   Field tests will show if these lower toe speeds cause lower 
detectivity in the low-exposure region, or if they are detrimental to the recording of 
information in well-exposed areas. 

The peak resolution values for the films studied are also tabulated in Table n 
and presented in Figure 9b.   The resolution superiority of the XDR developer for the 
faster films (except Pan-X) is apparent from Figure 9b. 

The standard sensitometric parameters of density (Djnax) and gamma are pre- 
sented in Table H and in Figures 10a and 10b.   The lower values of density and gamma, 
obtained with the XDR developers, are related, we believe, to the lower granularity 
and high detectivity obtained with these developers. 

Extended Range Resolution 

Of special interest to us is our observation that the use of XDR developers on 
films broadens the log E range over which they show detectivity.   One way to demon- 
strate this is to tabulate from Figure 2, 4, 6, and 8 the log E range over which some 
arbitrary resolution value is held.   This is done in Table n at 80 lines/mm, 70 i/mm, 
40 i/mm, and 40 l/mm for Pan-X, Plus-X, Tri-X, and IR films, rear ectively.   The 
tabulated log E values are plotted in Figure 11a, and they show that the XDR devel- 
opers can exhibit a A log E range of 0.6 to 2.0 greater than that of D-7fi and a still 
greater advantage ov ..' D-19.   We believe that Figure 11a is of significant interest. 

A calculation of similar interest, but less easy to interpret, is that oi' A log E 
shown by the film between the fog level and an arbitrary Dmax.   We base this calcu- 
lation on the fact that granularity increases with D, and that resolution deci eases with 
D.   Therefore, those developers that allow a film to show an increase of density with 
exposure (dD/d log E) without reaching a high D       (as the XDR developers do) should 

13 
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Figure 9.   Speed-Resolution Data for Four Films Processed 
in Control and XDR Developers 
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Figure 10.   Density-Gamma Data for Four Films Proceseed 
in Control and XDR Developers 
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exhibit higher resolution and detectivity than those developers that quickly drive a 
film to a high Dmax*   These A log E values for Pan-X, Plus-X, and Tri-X calculated 
for AD = 1.5 -fog a   ^ shown hi Table n and are plotted in Figure lib.   The broader 
range of the XDR de. elopers is clearly shown in these data.   The case for High Speed 
m is different.   The D-19 curve quickly reaches a high value and so we compute 
A log £ for AD = 2.0 - fog, and we obtain the low value of 1.2.   Developer D-76, E-20B, 
and Type IV only reach low densities (Table II) and so we compute A log E = 5.1 in all 
three cases for AD = D - fog. max 

CONCLUSION 

This concludes the sensitometric-resolution studies performed on this program. 
On the related program,2 a great deal of sensitometry through filters and at various 
exposure times was performed, and figures of merit relating sensitivity and resolution 
were derived and calculated that are of importance in wide exposure-latitude photo- 
graphy.   This sensitometric and resolution work of both programs established the 
wide latitude and extended dynamic range capability of the XDR developers.   It then 
remained to study the specific extended range and flare-removal properties of these 
developers. 
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SECTION in 

GRANULARITY AND DETECTIVITY 

We believe that much of the success of XDR developers in reducing flare and 
increasing detectivity is due to the lower granularity of images processed in XDR 
developers.   This will become apparent in our presentation of photomicrographs and 
microdensitometer traces of developed slit images in Section IV.   This will also 
explain how the lower density and gamma scale of the XDR developers can actually 
increase the detectivity in overexposed imagbs.   Since this reasoning depends on an 
understanding of granularity and detectivity theory, we wish to present these ideas 
as an introduction to our experimental flare studies. 

GRANULARITY 

If a uniformly exposed and developed film is probed with an incident light of 
intensity I , and if the transmitted light is I, then the transmittance, T, is defined as; 

T = I/I (1) 

while the density D is deiined as 

D = -log T = log (1/T) = log (I0/I) (2) 

In both expressions (1) and (2), it is assumed that the area over which IQ is presented 
to the film is large enough to cover a statistical sample of film grains and that T and 
D will be constant over the uniformly exposed film.   Li practice, the scanning area in 
an ASA diffuse-du*..'ty reading is about 1/16 in. = 1500 Mt an area large enough to 
include some 106 grains. 

Now let the probing aperture A become quite small:   10-200 /x.   Then the T and D 
values read through it will fluctuate with the location of the aperture on the film.   If 
we let the aperture scan over the film in a linear dimension x, then a trace of T (x. A) 
is created, as in Figure 12.   The root-mean-square average of the transmittance, 
a(T, A), may be defined4-6 as an integral 

cr2(T,A)=^    JV (x)-T)2 dA (3) 

or as a sum 
n 

^2(T.A) =^    ^  (T(x)-T)2 . (4) 
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Figure 12.   Transmittance Trace with 
Aperture A 

In photographic work, we deal mostly with density, and for small fluctuations we 
find that: 

dD = -0.43 In (1 - dT/T) 

(D. A) = 0.43 a V,*   ^ 

T 
(5) 

Because of Eq. (5) it is customary to speak in terms of (T(D, A) rather than in terms 
of o-(T, A), which is harder to measure.   The granularity of developed film is defined 
as a(D, A): 

o  (D, A) 

n 

4 1 (D-D)' (6) 

that is, as the root-mean-square fluctuations of the density, at average density D, 
using a scanning aperture A. It has been found experimentally6 that at constant D, 
cr(D, A) varies as 1/^, and this leads to the definition of Selwyn Granularity 

SG = slK(T(D) (7) 

where SG is independent of A. 

Measurement of Granularity 

To measure granularity, one must first generate a trace of D (x. A) or T (x. A) 
versus x, as in Figure 12, using a microdensitometer.   The comput'aon of a(D, A) 
by Eq. (6) is difficutt if done by hand, since 1000 points are needet,     give a good 
sample, and since (D) must not vary appreciably during the run.   This is best done 
by recording the D{x, A) trace on tape and feeding the tape into a computer in which 
cr(D, A) is calculated by Eq. (6).   fa a more sophisticated approach, the D(x, A) 
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trace is used to compute the autocorrelation function and/or the Weiner power 
spectrum of the trace, from which <T(D, A) is then computed.   All these computer 
operations are being worked out in our own laboratory, but at this time we cannot 
present computed granularity data. 

However, an indication of cr(D, A) can be obtained directly by observation of the 
trace of Dfx, A).   By definition, a is the rms value of the trace, and, therefore, the 
width of the trace is an indication of the granularity.   This is the qualitative criterion 
of the granularity that we shall use in the slit analysis below. 

DETECTIVITY OR SENSITIVITY 

Let us see how the detectivity of a film is limited by its granularity.   In photo- 
graphic work one often uses the term "sensitivity" to mean the reciprocal of the 
minimum energy needed to detect a first signal, i. e., speed, as in Eq. (1).   But in 
detection theory, sensitivity or detectivity often means the ability to discriminate a 
small signal in the presence of a background, or a small signal increment over a 
strong signal. 7  Let this detectivity be d (S for sensitivity in Zweig's notation)7: 

d = 
AE   (D, A) 

(8) 

where AE   ic the minimum exposure difference that can be recorded on the film at 
density D on area A.   To compute d, let us sketch an ideal characteristic curve as in 
Figure 13, in which the horizontal coordinate is E (exposure units) rather than log E. 
Then the slope of the curve is g, and the limiting detectable energy is given by: 

AE* = AD*/g (9) 

Figure 13.   Ideal Detectivity Curves 
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From this the letectlvity, d, is given by: 

d = g/AD* . (10) 

But g is a slope that depends on absolute exposure units, and it is best to express 
Eq. (10) in terms of the dimensionless y: 

y = dD/d log E = 2.3 Ej g (11) 

where Ej is the absolute exposure at the point at which g or y is measured.   From 
this, we obtain for d: 

d = y/2.3 E1 AD* . (12) 

From (12) it world appear that to increase detectivity, one should increase y, but in 
addition there is the effect of AD*.   The key assumption in detection theury is that: 

AD* = a(D, A) (13) 

that is, the developed granularity of the film (at density D, and area of signal A) limits 
the detectivity.   Then the final expression for d is given by Eq. (13): 

d= 2.3E1cr(D,A)   * (14) 

Equation (13) is quite important.   The term in (l/E.) is essentially the "speed" of the 
film; thus, fast films are better detectors than slow Ulms.   The term in y indicates 
that higher contrast gives higher detectivity, while the term in i/o- (D, A) shows that 
the more granular a film, the lower its detectability.   For films of constant (l/Ei) 
value, the ratio y/cr determines the detectivity.   In this report, the XDR developers 
lower y but also lower cr(D, A) compared to the control developers, so that y/cr is 
increased.   They also raise the value of detectivity. 
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SECTION IV 

FLARE STUDIES 

PROJECTION LAMP EXPOSURE 

In the past two years, we have performed numerous experiments with XDR 
developers in our laboratory that have shown that these developers qualitatively 
reduce flare.   A typical example of this effect is shown in Figure 14, two photograph« 
of a clear glass projection bulb.   Figure 14a is a best print made from a Plus-X 
negative developed in D-76 (1:1) for 4 min at 68C>F, and Figure 14b is a best print 
made from an identical exposure, developed in Type IV for 4 min at f 80F.   The in- 
creased detectivity and reduction of flare are obvious, but a quantitative analysis of a 
photograph as complex as that of Figure 14 would be quite difficult.   Therefore, we 
decided to initiate a set of experiments using controlled slit-aperture exposures. 
Before presenting these data, however, we will summarize our qualitative ideas on 
the term "flare. " 

DEFINITION OF J'LARE 

An appearance of density peripheral to an overexposed image, especially when no 
specific cause for it can be assigned, is often called a "flare. "  Flare is not an abso- 
lute property; it exists in varying degrees and kinds.   This is not surprising, since an 
optical image, in itself, is a rather diffuse concept, and so a deviation from it is also 
indefinite.   Any useful definition of flare, therefore, must include this idea of 
uncertainty. 

Two types of flare may be distinguished:  lens flare and film flare.   Lens flare 
(which is simpler than film flare) can be defined as any light deviated from its image- 
forming direction in passing through the lens by factors other than normal lens 
aberrations.   Thus, the term "flare" has come to be reserved for stray light whose M 
cause is indefinite, uncertain, or unknowr.   When a cause is identified, it is usually 
associated with the stray light, and the residual is regarded as flare. 

Film flare is any deviation in optical density from that expected from the exposure, 
apart from the fluctuations due to the inherent granular nature of photographic emul- 
sions.   Here, too, an obvious imperfection in processing, or an artifact on the film 
big enough to identify, is recognized specifically and removed from the discussion of 
film flare.   Again, a diffuse, subtle, and uncertain factor is responsible for film flare. 

Assigning loss of image contrast either to an actml cause or to some vague origin 
is unavoidably ambiguous.   For example, the fine-scale irregular fluctuations of 
density found on uniformly exposed film will be discussed below in terms of granularity, 
£r(D, A), expressed as the mean fluctuation of density probed with an aperture of area 
A.   Quantitative measurements of cr(D, A), however, include all the fluctuations 
observed, without attriouting them exclusively to grain.   Until we have an acceptable 
theory of the fluctuations attributable to the grains themselves, we may not be able to 
measure flare by the measurement of (7(D, A).   This is of practical iir x>rtance to the 
problem of flare reduction, since our microdensitometer analyses show that the XDR 
developers markedly reduce cr(D, A), as well as Dmax and y, and we feel that this 
reduction in a(D, A) is largely responsible for the apparent edge enhancement and 
flare reduction accomplished by the XDR developer. 
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When a photographic film is only one part of a system, the flare found on the 
developed film will be a combination of the flares due to the various components of 
the system-a great complication in the practical investigation of film flare.   Thus, 
the small angle scattering by minute bubbles in a lens, or local variations in the 
refractive index of the glass, will often be hard to distinguish from the scattering of 
tho undeveloped emulsion. 

With this qualitative discussion of flare, let us go on to a description of our con- 
trolled flare experiments. 

FLARE EXPERIMENTS 

Flare Exposure Method 

Figure 15 shows a schematic of the optical bench imaging system used for all of 
our slit-width flare exposures that were subjected to various development treatments 
and microdensitometer analysis.   The exposure object was a razor blade silt, imaged 
through a lens system operating at f/130.   The t»vo imaging lenses form a telescope 
with unit magnification, and tim slit dimensions on the film plan   were 1.7 x 14 mm. 

The aperture in the spatial frequency plane, diameter 0.120 in., determines the 
frequency response of the imaging system.   Because the focal ratio is f/130 and the 
aperture is small, the imaging system is diffraction-limited, with a resolution limit 
of about 10 lines/mm.   The slit object was illuminated by a mercury arc light r;ource 
whose output passes through a 500 /x pinhole and, then, through a collimating lens with 
a 15 in. focal length.   The coherence interval of the light illuminating the object is 
calculated to be 500 /i.   Since this is several times the resolvable area in the object, 
the illumination can be considered to be essentially coherent for this experiment. 

The optical system shown in Figure 15 has several advantages over a simple 
camera lens for the study of film flare, because it elin nates or reduces lens flare 
to a negligible amount.   The light transmitted directly through the object is brought 
to a focus in the spatial irequ£^cy plane; therefore, the aperture in this plane can be 
stopped down considerably without lowering the intensity in the image.   This small 
aperture, in turn, reduces the lens flare by preventing any stray light that is reflected 
from the lens from reach'jg the film plane.   Thus, lens flare can come only from the 
second imaging lens, and this flare, moreover, is held to a minimum because the lens 
is placed 15 in. from the film plane and it is an achromatic doublet with only two 

HQ ARC 
SOURCE 

P'NHOLE      OBJECT     FIRST IMAGirtG   SECOND IMAGING 
PLANE PLANE      LENS(f = l5in.)      LENS(f > ISin.) 

COLLIMATING 
LENS (ISin.F.L) 

— f-4—f y^l—f H—f-*|\ 
SPATIAL 

FREQUENCY PLANE 
IMAGE 
PLANE 

Figure 15.   Optical Bench imaging System 
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air-glass surfaces.   In addition, because the imaging system works very nearly 
on-axis at a small aperture, lens vignetting is eliminated.   The flare effects on the 
film, therefore, are due primarily to scattering effects associated with the film, and 
to development effects associated with high densities produced in the flare region. 

Films were exposed to the slit image in a lensless Exacta camera body at an 
exposure time of 1 sec. The unattenuated light intensity of the slit source was approxi- 
mately 10 times greater than that of the sensitometer, or about 12,500 metercandles. 

Exposure Sequence 

A given exposure sequence on any one film strip consisted of a series of thirteen 
exposures, covering four orders of attenuation, established by neutral density filters 
according to the following sequence: 

ND = 0, 0.3, 0.6, 1.0, 1.3, 1.6, 2.0, 2.3, 2.6, 3.0, 3.3. 3.6, 4.0 . 

For each film type, the slit sequences were shot through Wratten filters according to 
the following sequences: 

Pan-X, Plus-X, Tri-X; 47 (blue), 12 (yellow), 25 (red) 

High Speed ER; 47, 12, 89B (infrared). 

Finally, each sequence was repeated in triplicate to allow for processing in three 
developers:  D-19, E-20A, (E-20B for IR), and Type IV. 

The widths of all developed slit images were measured with an 8X reticle mag- 
nifier. Next, all developed slit images were traced on a Joyce-Lü&bl microdensitom- 
eter at a linear magnification of 50:1 (so that the 1.7 mm slit width became 8.5 on the 
chart) and at scanning apertures of 10 n and 5 /x> 

Figure 16 shows a transmission photograph of part of a set of slit images.   Fig- 
ure 16a is High Speed IR film exposed through an 89B filter and developed ir :J-19, and 
Figure 16b is a photograph of the same exposure sequence developed in E-20B.   The 
line broadening of the images developed in D-19 is apparent even from the unmagnified 
photograph of Figure 16. 

(j) D-19 

(b) E-20B 

Figure 16.   Comparison of Photomicrographs 
of Slit Images, High-Speed Infrared Film, 
89B Filter, Developed in D-19 and Type IV 
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Low-Power Measurements 

In the low-power set of measurements, we sought to determine if the XDR 
development of slit images would allow the slit widths to be more accurately measured 
on a comparator than those developed in D-19.   This measurement would simulate the 
measurement of objects or spectral lines in a fie'd application.   Figure 17 shows 
photomicrographs at 30 X of High Speei IR film taken through an 89B (infrared) filter 
at 0.6 ND and at 2.3 ND attenuation, developed in D-19 and in Type IV.   In the D-19 
images (17a and c), we note a uniform heavy density out to the edges, and flare 
density extending further out.   hi the Type IV development (17b and d), the main area 
of the slit is at low uniform density, and the edge is enhanced by an adjacency effect 
that makes the outer edge quite sharp. 

Using a lower power (8X) comparator, we read the edge width of the slit images 
and plotted them in Figure 18 for High Speed Infrared film, exposed through an 89B 
filter and processed in D-19 and Type IV developers.   The vertical scale is the linear 
dimension of the slit in millimeters, and the horizontal scale is Rel log E, on which 
the neutrtl density filters used to attenuate the exposure are superposed.   Both 
developers show dimensions of 1. 70 mm at maximum light attenuation of log E = 0 or 
ND = 4.0.   At an exposure of log E = -1 (ND = 0), the Type IV developed edge is 
measured at 1.81 mm for an error of 6%.   The two edges shown in the photomicro- 
graphs of Figure 17 are indicated in Figure 18 by arrows on the exposure scale at 
log E = 1. 7 and 3.4, and the measured slit widths are 1.75 mm and 1. 78 mm, 
respectively.   The edges developed in D-19 flare out quite quickly.   The two micro- 
graphs of Figure 17 show slit-width readings of 1.78 and 1.90 mm at log E = 1.7 and 
3.4, respectively.   At an exposure of log E = 4.0 (ND = 0), the D-19 slit is badly 
flared and its approximate width is read as 3.4 mm (100% error). 

Figure 19 shows slit-width measurements for High Speed Infrared film exposed 
through a 47 filter in the region of blue sensitivity.   The flare is much reduced in the 
blue, compared to the red region, an effect associated with the absorption of blue 
light in the depth of the grains, and absorptions of red light by the dyes on the surface 
of the grains.   However, at high exposures, the flare of the D-19 slits is greater than 
that of the slits developed in Type IV (2.5 mm versus 1.80). 

hi Figures 20 and 21 we show slit-width exposure curves for Plus-X in red light 
(25 filter) and in blue light (47 filter) for development in D-19 and in Type IV.   The 
behavior is similar to that for IR film.   In red light, the D-19 flare is too great to be 
measured after log £ = 3.6 (the value approaches 3.4 mm), while the maximum flare 
of the Type IV image is 1.82 mm, an error of only 8.5%.   hi Figure VI for blue light, 
the effects are less striking, but Type IV gives the better values at high exposure. 

Figures 22 and 23 show slit-width exposure curves for Tri -X film, using a 25 and 
a 47 filter, and the results are quite similar to those for Plus-X and Infrared film. 

Microdensitometer (High-Power) Measurements 

We have noted above that all the slit-width exposure sequences were traced on a 
Joyce-Loebl microdensitometer at an arm ratio of 50:1 (meaning that 1 nun on the film 
plane is spread out as 5 cm on the chart paper).   The scanning aperture was 10 n 
(equivalent on the film plane) for most measurements.   It would not be practical or 
beneficial to present the entire microdensitometer analysis in this report.   Therefore, 
we give in Figures 24, 25, and 26 the main results o. this analysis, using High Speed 
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(Q) 0-6ND D-19 (c) 2-3ND D-19 

(b)0-6ND TYPE TZ (d) 2-3ND  TYPE 12 

r'igure 17.   Photomicrographs of Slit Exposure of High-Speed Infrared Film, 
89B Filter 
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Infrared film as the example, since in many respects this film is of the mosi 'nterest 
to the sponsor. 

In Figure 24 we show a series of superimposed traces of slit exposures made with 
High Speed Infrared film through a 47 (blue) filter and developed in D-19.   On the 
horizontal coordinate of Figure 24 we draw the original dimensions of the film plane 
(using the 50:1 ratio of the instrument).   On the vertical coordinate, we plot specular 
density as determined from the calibration wedge of the microdensitometer.   Thij 
density is only approximately equal to the usual diffuse density measured in a normal 
densltometer. 

-, 

Using the fluctuations of the density trace as a measure of granularity, we see 
a sharp increase in the granularity of the developed film as the average density in- 
creases.   For example, the increment of detectivity between the density lines for 
ND = 0 and ND = 0.6 is only one or two granularity, or a(D, A), increments.   In fact, 
if the ND = 0.3 curve were included in Figure 24, it would overlap both the ND = 0 and 
ND = 0.6 curves to give a confusing picture.  At lower densities, the fluctuations are 
smaller and the number of recordable increments increases. 

Let us now look at the linear dimensions of the slit widths as revealed by the 
traces of Figure 24.   We see that up to exposure values of ND = 1.0 (specular density 
of 2.0) the shoulders of the edges are not too extreme, and that a measurement based 
on the top of the shoulder is moderately accurate (1.70 mm).  At the two highest 
densities of Figure 24 the shoulders are very broad (see the micrographs of Figure 17), 
and measurement of the slit width from the top of the shoulder will be in error.  At 
low power (Figure 17), the shoulders appear to be too dense to make a meaningful 
measurement of the slit width. 

Let us now consider the microdensitometer traces of High Speed Infrared film, 
exposed through a 47 filter and developed in Type IV, as shown in Figure 25. Observe 
that the horizontal dimension scale of Figure 25 is the same as that for Figure 24 
(50:1 ratio) but that the density scale for the Ty^e IV developer is expanded.   The low 
granularity of these traces, compared to those of Figure 24, even at the same value of 
specular density, is quite apparent.   It Is clear that the ND = 0.3 curve could easily 
be placed on Figure 25 without overlapping with the ND = 0 or the ND = 0.6 curves, 
indicating a considerable Increase in detect' rity for the Type IV film compared to the 
D-19 film. 

The traces of Figure 25 appear to make the dimensional reading of the silt width 
easy.   However, that is not the case; the shoulders of all the curves of Figure 25 are 
quite uroad, which in fact we take to be a sign of the increased detectivity of the film 
processed in Type IV.   However, we note an edge or adjacency effect on all these 
traces that was apparent in the micrographs of Figure 17, and which made low-power 
reading of the slit dimensions quite accurate.   On the microdensitometer traces of 
Figure 25, a good estimate of the slit width can be made from peak to peak of the 
edge traces. 

To better compare the detectivity of films processed in Type IV and D-19, we 
show in Figure 26 a set of traces run at a smaller scanning aperture (5 ß) and with a 
constant density scale.   We Illustrate this effect with High Speed Infrared film exposed 
through an 89B filter at moderate exposures of ND = 2.0 and ND = 2.3.   The D-19 
scans of Figure 26 show a fluctuation of about 6mm = 0.13 density unit.   The density 
Increment between the two D-19 traces is only about 12 mm, or two density fluctuation 
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Figure 24.   Microdensitf.meter Traces of Slit Exposures of High-Speed Infrared 
Film Made Througn a 47 Filter and Developed in D-] 9 
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10 mm 

Figure 25.   Microdensitometer Traces of Slit Exposures of High-Speed Infrared 
Film Made Through a 47 Filter and Developed in Type IV 
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Figure 26.   Comparison of Microdensitometer Traces of Slit Exposures of 
Klgh -Speed Infrared Film M?de Through an S9B Filter and Developed 

in D-19 and Type IV 
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units.   Consider now the two Type IV traces.   The density fmctuation is only about 
1 mm or 0.02 density unit.   The separation between the two traces is about 5 mm, or 
about 5 density fluctuation units.   Let us use the formula of Eq. (14) to calculate the 
difference in detectivity, at this exposure level, for the films processed in these two 
developers.   From Table I, we see that the D-19 and Type IV gammas for High Speed 
Infrared film are about 2.0 and 0.5, respectively.   The ratio of a(D, A) for the two 
films is approximately the ratio of the fluctuations or 6 mm/l mm.   Therefore, ihe 
ratio of the detectivity of the   ype IV film to the D-19 film is approximately: 

d4/d19 = (0.5/1) x (2.0/6 = 1.5) , 

or a 50% improvement in detectivity. 

We realize that the approximate estimations of granularity from the traces of 
Figure 26 are not a curate, and that an accurate determination of gamma for the two 
films would require a careful correlation between the specula: densities of Figure 26 
and the diffuse densities on which the characteristic curve is based.   However, the 
approximate calculation of the ratio of detectivities indicates that the XDR developer 
can give improved detectivity over that of the normal active developer. 

At present, Lincoli Laboratory is analyzing calibration exposures that have been 
processed in control and XDR developers.   We hope that other laboratories will also 
check out the use of XDR developers in field application for the reduction oi flare. We 
would hope that the results from such calibrations and field tests will substantiate our 
observation that XDR developers increase detectivity. 
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Gentlemen: 

Table No. 1, report AFCRL-87-0633, p. 4 has been revised to incorporate 
changes in quantity of chemicals and the recommended chemicals to be used in 
preparation in the Extended Range Developers. 

Sincerely, 

William J. Kammerer 
Project Leader 



TABLE 1 

DEVELOPER FORMULATIONS USED IN THIS REPORT 

(g/litre) 

Formulation T/O XDR Developers *** Kodak Developers 

(In Order of Solution) E-2CA E-20B Type IV D-19 D-76 

Water 800 cc 800 cc 800 cc - - 

K2SO3* 25 50 25 - - 

Kodak NagSC^ - - - 90.0 100.0 

Metol (Elon)t 0.5± 0. 1 0.5± 0. 1 1.0 ± .2 2.0 2.0 

Hydroquinonc (HQ)** 0.5 ±0.1 0.5± 0.1 1.0 ± .2 8.0 5.0 

KHCOat - - 10.0 ± .5 - - 

Kodak Na2C03, 
(sodium carbonate) 

- - - 52.5 - 

Kodak Borax, granular - - - - 2.0 

Kodak KBr 
(potassium bromide) 

- - - 5.0 - 

Water to 1 liter 

Kodak Film Type Recommended T/O Developer Kodctk Emulsion No. 
Test Films 

Pan-X X X 5060-36-1 

Plus-X X 5061-530-16 

Tri-X X 5063-479-34 

High Speed IR X 5218-101-4 

Potassium Sulfite - Matheson Coleman and Bell, purified grade 

^Metol (Eior' - Graphol, Philip J. Hunt, Inc. 
** 

Hydroquinone - Fisher Chemical Corporation, purified grade 

* Potassium bicarbonate - Fisher Chemical Corporation, purified grade 

* E-20A; E-2öB-pH 9,0; Type IV-pH 8.6 


