from an extended object.
and thus to enhance the flare light.

low spatial frequencies.

noise ratios.  Data are given.

" Introduction

. Itis generally recognized that a good phase hologram
_~ should be able to diffract light much more efficiently
“': than an amplitude hologram and, consequently, pro-
< duce a much brighter image.
- -vprocesses for photographic materials have been de-
_seribed in the literature,!~® but in general, they have
“received only limited aceeptance. One of the primary

- difficulties encountered is.that the image tends to be
.. badly degraded by flare light. In some cases this can
- -be s0 extreme that the image is essentially obscured.

. and time consuming. In this paper we will describe a

- process that is quite simple and reliable, but at the same
.. time produces hlgh-emclency lmu.ges that are fairly

free of flare light.

. Although it often has been assumed that ﬂare light is

[ the result simply of light scattering from the silver salts

‘within the bleached emulsion, it is not difficult to show
- that for most bleach processes this is not true. For
example, when a Kodak spectroscopic plate, Type
.649-F, is exposed with ordinary white light, developed,
fixed, and bleached in Xodak bleach bath R-10,* the
resulting plate shows very little light scatter. On the
other hand, a hologram processed similarly can show an
excessive amount of flare light.
Upatnieks and Leonard® showed that the flare light
“results from the effects of self-interference of the light

. Kodak Company, Rochester, New York 14650
Received 21 October 1970.
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Reversal Bleaching for Low Flare Light in"HoIogr_ams

R. L. Lamberts and C. N. Kurtz @
E.

It has been shown that the principal eause of flare Light in a blenched holué'mm is self-interference of Iig_h‘ . B

In most bleaching processes the surface relief image snd varintion of refractivt

index of the bleached emulsion combine to enhanee the self-interference pattern at low spatial frequeneis-

This paper deseribes a reversal bleach process for Kodak spectro

seopic plates, Type 649-F, such that the reliel image tends to eancel the effects of the index variation for
This makes it pusible to achieve high difrmetion efliciencies and signal-te- R ]

A number of bleaching

‘ most. of the bleach baths we tried.

T Among the praceses thal have been deseribed, there -
- are several that reduce the flare light, but most, if not =~
7 all, of the silver halide processcs tend to be complicated -

“Theory ST, Tl e

- reference beam upon reconstruction. ™

 order approximation, that the optical path through: -the 5
“bleached emulsiont layer is proportional to.the ex::;

" The autbors are with the Research Laboratories, Eastiman” =

from an extended object, and they pomtcd out that the °f.
flare light becomes increasingly objectionable as the
ratio of the light flux from the reference source to that -
from the object is decreased. Our own prehmmar\ R
experiments showed that for holo;,mms exposcd With &
this ratio made very large, there was vcry lltt.le flarcfor & -

Because self-interference only can take pl.tce \\xth ai - §

- extended object, this type of flare light does not occuf -~

for holograms made by interfering the light from two '3

. point sources. A number of bleaching expenment fe' L
‘sults reported in the literature were obtained in ﬂl“i R R

manner, and-thre datn from such prcrlmqﬂs ean
qultcmlslcadnq, e ,«-

We can sce the effects of an ext.ended sourcc LN S P
phase-typc holographic system by means “of the follow 5 RS
ing simplified first-order analysisi. If we, denete 4he.
complex amplitude of the reference beam as-it faflson. @
the plate by U, and that of the object beam Ly U.(I)g;".‘,'
the exposure at the plate will be given by ! y.

E(@) = [|U,|* + |U.@)]® + UUAz) + U"U-m“» “"f-.-

where { is the exposure time. It is 1mport.mxt t re-'j-;
member that the term |Us(z) |? is not. constant since it
represents the laser specl\le pattern formed from 8~
diffuse object. If, as in a conventional hologram,. t,he K
amplitude transmittance is linearly related to cxposum: 47
E, the term |Us(z) |* causesithe flare hght. aroqnd the: ';! T

. K32 N1

i
. For a bleached hologram. 'we ¢an assume, 4 & ﬁrsff '_g_

posure. If we let B be the proportionality factor M‘dr
k = 2x/\, we can represent the complex nmphtude .
transmittance in the form L o ‘_

uu».u.__..--.....-.«r..,..,},..



I

fa) = explak (iU, ]2
+ Ue(2)[2 + UUz) + UtU2)]). (@)

_ A is also can be written as a product of four exponen-
ﬁ - slsand each of these can be expanded in series form to
- .

73 pve ) .
e = 1+ kBUU + .1+ *BU)]? + .. ]
’ + (1 + *BWU @) + ... ](1 + kB Us(z) + ...}

- piscarding the first bracket since it represents a con-
i «ant phase retardation, we obtain to second order in

8.0 : < |
i) = 14 kB |U.()|? + UU.* + U, U.(z))
= BB |U) | U.U%z2) + U *Uz) + (U 11). 3)

M 1he first expression in the curly brackets is similar to
fi1st obtained for a linear system and these three terms
wspectively account for the flare around the reference

mage. The second expression in curly brackets also
putains terms corresponding to the holographic images
wt, since it is multiplied by |Us(z) |2, this means that
fiare light ordinarily appearing around the reference
xsm now also is combined with the images. For a
punhofer system the flare light would be convolved
4th the images. o
@ If we assume the approximation in Eq. (3) to be
- $alid, and consider only the cocflicients of the terms
_Mpresenting the virtual image, we can sce that

signal/noise = 1/(kBi(|U.(z)]?)), @)

#}oial average exposure Ey is given by

B (U 4 (U@, ®)
. the beam balance ratio isgiven by
5 K = U1V, ®)

: 3 bstituting Eqs.(5) und (6) into Eq.(4) gives

ge should improve the signal-to-noise ratio, as was

2k is generally reduced by inereasing the beam balanee
Ritio, an undesirable consequence of using a large beam
Hlance ratio to achieve good signal/noise is that the
Bightness of the holographic image is reduced.
PMlearly, it is desirable to be able to reduce the beam

X

ol

g3
337

voiding consequent reduction in signal/noise.
= So far, we have assumed that the optical path length
Mrough the processed emulsion is related to the ex-

ations for the transmitted light result from two

pam, for the primary image, and for the conjugate

Q _pere the sharp brackets denote a spatial average. The

~ signal/noise = (1 4 K)/(kBLEr). @)
,-"":‘ This shows that making the beam balance, K, very »

gentioned previously. However, since diffracted light .

lance ratio to get good efficiency while someh_ow '

re by a constant, B, independent of spatial fre- -
Liency.  However, in considering a bleached photo-
faphic plat find that th tical path-1

phic plate, we find that the optical path-length Direct Bleaching Process
L tors. The first is the variation of refractive index o
L thin the emulsion layer, caused by varying amounts :

Expose

Develop
ond Fix

Bieach

Ory

Fig. 1. Schematic of the emulsion cross section for the direct
bleach process.

This can give the hologram « thick grating structure for
high spatial frequencies which, as is well known, makes
it possible in theory to approach 1009 diffraction
cfliciency.® . :

The second factor is the variation of thickness of the
emulsion layer, commonly termed the relief image.
These generally conform to the developed photographic
images, but it has been shown that they are strongest
for spatial frequencies below about 100 cycles/mm,

decreasing rapidly for higher frequencies.

Because the path length or phase variations result
from a combination of these factors, the spatial fre-
quency response of the system can be strongly fre-
quency dependent. This means that in most practical

. cases the coefficient, B, is not a constant and to a crude

approximation we can rewrite Eq.(2) in the form,

To(z) = explikBit|U.(z)|*} exp|ikBLIU,U.%(z)

+ UrU)), ().

where B, is the coeflicient for the léwer sba;tial fre-

quencies, characteristic of the flare-producing speckle

- pattern, and By is the cocflicient for the spatial fre-
- quency region of the holographic fringes. In such a
_ease, q.(7) becomes :

signal/noise = (1 + K)/(kBu{Es). A ()

Henee, if we could keep B; constant while reducing B,

 the signal-to-noise ratio would improve with no loss in
- image brightness. Onc method of accomplishing this

consists in immersing the emulsion surface in an index-
matching liquid to cancel the effects of the relief

_image.*!!  The use of such a liquid gate, however, can

be rather cumbersome for many applications, low-
frequency suppression must undoubtedly occur for

other low-noisc processes that have been reported in .
the literature. This is notably the case for thermo-
. plastic materials, as discussed by Urbach and Meier.* |

Most commonly used bleaching proeeases are -what

“: we can term direcl bleaching processes, and these tend

g high-index silver salts imbedded within the gelatin. © to enhance, rather than suppress, the low spatial fre-
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quencies. A typical process is sketched in Fig. 1.
After the film or plate is developed and fixed, it is
bleached in some solution that converts the metallic
silver into a transparent, insoluble salt having a re-
fractive index significantly higher than that of the
-gelatin. For example, Kodak bleach bath R-10 con-
verts the silver into silver chloride.? . (By modifying
the B solution it is also possible to produce silver bro-
mide or silver iodide.) When the emulsion is subse-
quently dried, a relief image is formed on the emulsion
surface.  This oceurs beeause of the added bulk of the
silver halide in the gelatin and beeause the gelatin is
tanned or hardened by the reaction products formed
when the developer converts the silver halide into
metallic silver. The tanning tends to be fairly lo-
calized within the emulsion and, as a result, the emulsion

Kodak Special Developer SD-43¢

Table 1.
Solution A
~en Water 750 ml
" Sodium sulfite, desicented Sg
' " . Pyrocatechob 10g
g Sodium sulfate, desiceated 100 g
“ _ Water to make 1 liter
: |~ Solution B ‘
5 LR Waler 750 ml
- Sodium hydroxide 2y
Sodium sulfate, desicented g -
‘3 Waler to make 1 liter
” ..

* Caution: Use rubber gloves or tuke spoecial precantion b
“: keep hands from coming in contact with the developer, .
- ¥This is available ar Iastman organic chemical P604. Tt is n

Tharmlul,
elothing.

e e - waw

waxardous solid misterind and breathing of dust or vapor ean bo
Avaidd getling pyroeatechal on the #kin, in eyck, or of -
SR I “imnge, . i

+ -~ The essential steps of our process are sketched I' ;

Expose l l I l )

Develop ”&Eﬁ B

{No Fix) { 43
Bose

Ory et e I T
Bose

Fig. 2. Schematic of the emulsion cross section for the revt-'s‘_’_ E:

bleach process. i

pulls together, as shown by the arrows in the lower pst,

of Fig. 1. Typical relief images for low-spatial-fre § :

quency line-pattern exposures can be several wave ¥

ot >
lengths high but they become much smaller for spatis
frequencics above 100 cycles/mm. Smith!? has di*

" cussed the formation of relief images in detail.

For the direct bleach, the variations of opticnl.pa'h :
length from the relief image and those from the indes ;
variations within the emulsion arc wdditive, and const

quently the emulsion acts as a low-pass spatial filter

Because the speckle pattern is confined predominantlf 4
to the lower spatial frequencies, it becomes greatly ¢+ §

hanced in the direct bleaching process and excessive
flare light is produced upon reconstruction.

Reversal Bleaching Process

As a solution to these problems, we have devised $
bleaching system wherein the relief-image put.h-lt‘-"gth
variation is kept to & minimum and may even counter

.. mct the index varintion. This greatly reduces the
" aver-all system response for low spatial [ requencics 8“_d
~drastically reduces the flare light in the h(_)logmph”

-~ Fig. 2. The exposed emulsion is developed but not
. fixed, so that silver halide remains in the unex
_ -~ regions.  The plate then is bleached in Kodak bleach

Table II. Processing Procedure .

e FUAY R UAR B WA VAW

Clear (Kodak stain remover : L e
T 1min

Sk -80 - ilking appears o be the stronger effect. In orderto’
. - 5-10 min ] ;

4 . R S formulate 2 new developer, Kodak special ‘developet
As is the case with other processes, drying is eritical. For .o DD-48, whose formula is given in Table I. ' '
> uniform drying, it is suggested that the plate be tinsed in & solu-’
tion of methano! diluted 1:1 with water, then washed twice in

" simple and straightforward, as shown in Table IL:
isopropyl ‘l"",h"l' .

It is basically no more complex than an ordinary black’
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Temperature -~ bath R-9, which converts the metallic silver to a soluble

Ste Time: —"P—Té— ‘salt and removes it from the emulsion. Because th_e

oep me remaining silver halide appears reversed from what t

1. Develop (Kodak special was for the R-10 process, we refer Lo this as a reverss

developer, SD48) Smin 75 24 bleach. Chang and George have also reported good

2. Stop bath (Kodak stop bath A : results for a somewhat different reversal bleach pro-

SB-1) 158ec 70-80 21-27 cess.1? S
3. Rinse, running water 1 min 70-80 21-27 Maxi . H s axi de-
: . aximum tanning occurs in regions of maximumd

3' muf"h (Kudak bleach buth R-9) dmin 70-80 21-27 velopment, and there will be a tendency for & relief

5. Wash, running water 5min 70-80 21-27 . Fig. 2
6. Stain removal (Kodak stain _image {o be formed as shown at the bottom of Fig > _.
_“remover $-13, Solution A) " 1min 70-80 21-27 £ However, the bulk of the silver halide tends to counter :

t this effect and, for commonly used developers, the

.. The processing procedure for the reversal bleach B::

3
|1
1
&

¢

uce sufficient tanning, we found it necessary 0 g -

P




Table I1l. Bleach and Stain Remover Formulas

KODAK BLEACH BATH R-9

pistilled water 1.0 liter
. Potassium dichromate 9.5¢g

Sulfurie acid (concentrated ) 12.0 ml

KODAK STAIN REMOVER §8-13

Solution A

Water . : 750 ml

Potassium permanganate 2.5¢g

Sulfuric acid (concentrated)* 8.0 ml

Water to make 1.0 liter

Solution B

Water , ' 750 ml

Sodium bisulfite 10 ¢

Water to make ’ 1 liter

« Caution: Always add the sulfuric acid to the solution slowly,
gtirring constantly, and never the solution to the acid; otherwise
(he solution may boil and spatter the acid on the hands or face,
cusing serions burns, 4

and white development. Table III gives formulas for
Kodak bleach bath R-9 and for Kodak stain remover
§-13 solutions. The latter remove brown stain that
appears after development.  These solutions also make
the final plate much less subject to darkening from
printout.

peveloper Formulation

The roles of the various constituents of a developer
gre well known and have been described in detail in the

veloper with a strong tanning action. ;
. Thesodium sulfite actsasa preservative but it is used
10t} - here in only a small amount since it counteracts the

rapidly in the presence of air, but this occurs only when

t ¥ yidual solutions are relatively stable, and are mixed
rsal B only just before use.

ood i Because of the rapid oxidation we have found it ad-
wo-3 yantageous to develop the plates in a specially con-

8 holder and that requires a minimum of the developing
R olution. Our model has a built-in gas distributor for
3 itrogen-burst processing. This consists simply of a
ter. @  section of polystyrene tubing with No. 80 holes drilled

+contact of the developer with the skin. . © - .- i
S8 : The sodium sulfate serves to prevent excessive swell
Ope imz of the gelatin during development, but otherwise
i pgs little effect on the development. Potassium bro-

“jon contained 15 g of KBr per liter of developer.

jiterature.**  Our developer is unusual in that it uses
pyrocatechol (also known as catechol) as a developing ™ - -
sgent. Used at high pH, this is a highly active de- = " °

oning  action. Consequently (and unfortunately), - -
\he developer tends to oxidize (or turn black) fairly

the A and B solutions are mixed together; the indi- .
dqructed tank that will accommodate a standard plate -
+ipto it. . Such a procedure also makes it casier to avoid .

“gide is present in many developers to suppress the =
& {og level, among other things, and our original formula-

However it was found that diffraction efficiency for
649-F plates was improved as much as three to six
times by eliminating it. This was attributed to the
fact that it acts as a silver halide solvent and causes
solution physical development to occur. We found
that any such solvent (such as sodium thyocyanate)
caused an immediate reduction of diffraction efficiency
for reversal processing.

Experimental Details .

To evaluate the effectiveness of the solutions and
procedures, measurements were made with an instru-
ment described earlier,” which scans a one-dimensional
pattern and records the optical path variation (OPV) of
the transmitted light. Kodak spectroscopic plates,
Type 649-F, were exposed in a camera used for MTF

evaluation of photographic materials.” By using -

special test objects we could make sinusoidal line ex-
posures with a modulation of approximately 26% at the
image plane of the lens.

Figure 3 shows the OPV for a direct bleach process
plotted as a function of exposurc time for spatial fre-
quencies of 10, 25, 100 and 200 cycles/mm. The
plate was developed for 5 min in Kodak HRP developer
at 75°F, (24°C), fixed, and bleached in R-10 bleach
bath. The data in this figure can be compared directly
with those in Fig. 4, which shows similar data for our
reversal bleach process. The development in the
latter case was 5 min in SD-48 at 75°F (24°C). . Clearly
the OPV for low spatial frequencics is very much re-
duced by using the reversal bleach process. The ex-
posure required for a conventional unbledched holo-

HRP/5' N
R-10 Bleoch

z 3 . 5 © 20
' Exposure lime - sec

ig. 3. Ojitieil path variation, AS, measured in wavelengths and

- plotted as & function of relative exposure for sinusoidal patterns of ‘

10 cycles/mm, 25 cycles/mm, 100 cycles/mm, and 200 cycles/mm
Kodak 649-F plate was processed by direct bleaching.
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B e B e posure latitude and a signal-to-noise ratio that in
S’ Devetopment proved with increased exposure. >
- : The values of maximum efficiency for each of {he:
plots are shown by the lower solid curve in Yig, 6 as
2 function of the beam balance ratio, K. The values ¢
as signal-to-noise corresponding to thesc efficiency valw
are plotted as the dashed curve. For increased o
T posure the curves would have shown slightly lower efl
' ciency but improved signal-to-noise.
2 A similar series of holograms was made with plati T
that had been presoaked in distilled water for 10 mi-
e =T e e Tk - and then dried. This represented an attempt o
Exposure fime - sec lieve strains in the emulsion as originally  conte ]
Fig. 4. Datasimilar to those in Fig. 3 but for the reversal bleach

b RS process given in Table I,
¥ SL -
& sor—= T L
e
= ‘.: e 3 B 35l ”,’ :
pid N - /’
f1ia gram is equivalent to about 2 see on the exposure scale, P
LR 0 . - -
wid with a 5-min development in HRD.

Iy
s

In further experiments, measurements were made of
e Lies holograms processed with the reversal bleach. The
;" holographic object was somewhat. similar to that used
by Upatnieks and Leonards It consisted of an illumi-
nated ground glass approximately 25 mmn square with a
round opaque area about 6 mm in diameter in the
- center.  Both-the object and the reference beam pin-
hole were placed about 380 mm from the plate. The L ,
-angle separating the beams was such that it gave a mean T 20 40~ so T
spatial frequency of about 1000 cycles/mm_ on the Exposue time (sec) ,
hologram. A He-Ne laser was used for all the holo- Fig. 5. Typienl plot of diffraction cflicieney and signal-to-nois-
.graphic experiments. ) mbio ns a function of exposure.
.~ Diffraction efliciency was measured by the following
~ procedure:  we first determined the beam balanee ratio
- by placing a diffuser at the plane of the hologram plate
“and measuring the light from the reference and object
beams with a photomultiplier placed directly behind it. *
Next, we removed this diffuser and imaged the object
“diffuser with an auxiliary lens onto photomultiplier -
-and measured the light lux. We then placed the holo- = -
gram in place, blocked off the objcct, and measured the L
“fux from the holographic image. TFor the last two
- measurements the aperture of the photomultiplicr was
" displaced from the black spot.in the center of the image.
" The ratio of the holograun to the objeet flux was then
.. divided by the beam balance ratio to give the diffraction
efficiency.’.”* Efficiency so measured is in terms of the
_ This method makes it possible to make
‘accurate measurements for most object configurations
and circumvents problems that ordinarily arise beeause
of nonuniformities of angular response or of the de- 5 " T
tecting photosensitive surface. . . E _ -";
= The system noisc was determined by measuring the
ight with the black spot in the holographic image fall-
ng ontothe photomultiplier. - .- S . N
.'Homms.wem made with our reYeMl bleach pro- - -Fig. 6. Diffraétion efficiency and signal-to-noise ratio for 549-’?
“eess for a series of beam balance ratios. An EXPOSUTE .. iates, plotted as & function of the beam balance ratio, K. The
“series was made for each ratio and a typical plot of the 7= 5y, solid curve shows the diffraction efficiency obtained with
diffraction efficiency and signal-to-noise data is shown

. . unnoaked plates, and the upper enrve shows the data obtained with
in Fig. 5. Each such plot. showed o rather brond ex- plates that hnd been presimked in distilied water and dried.

b -3
. T
%,
>
\
I
I

Efficency -%

i .
~
)
[EUNE S S
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R ‘ ’ e
=~ . - i /’. .
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wl ime-

o these

bes of

values
sed ex-:
ver effi-

(o) (b)

fie. 7. Photographs of the holographic image of a diffusely
uminated disk: excessive fiare light occurs when the plate is
8 peached in R-10 asshown at (a); this is reduced when the emul-
wd o surface is immersed in an index-matching liquid (b); and al-
mo=t eliminated with the reversal bleach process (¢).

(c)

1 plates -1
‘ 10 min:
“t to re-
coated,

& \leasurements for these plates are shown by the upper
8 _Jid curve in Fig. 6. The signal-to-noise data for the
_ A resonked plates were so close to the previous data that
: ;.-'inglo. curve is shown in the figure. Tn general the
sesonking increased the diffraction eflicieney by about,
. Yor a beam babunee rdio of 3.2:1, these plates
4 e a measured diffraction efliciency of approximately
; ;“,{7}, with a signal-to-neise ratio of about 17. While
he data show adistinetly improved efficiency resulting_
} =om presonking, the improvement is hardly sufficient to
-ake & noticeable difference when the holograms are
. ‘.El‘“.Cd’
Figure 7 shows three photographs made of holo-
~yphic images of a simple disk diffuser.  Photograph
o is the image from a hologram that had been de-
X doped Tor 5 min in JIRP developer, fixed, and then
B caply bleached in R-10, washed, and dried.  Photo-

ke

i

] 4o emulsion surface immersed in a liquid with re-
B -ctive index of 1.54. DPhotograph (c) is the image
* -m a hologram processed with the reversal bleach -
4 ocess deseribed above.  The holograms were made
¥ b a beam balance ratio of about 6:1. Al the’
¥ 1otographs were exposed, processed, and printed
entically.  Diffraction  efficiencies for these three

%4 ., note that the flare reduction with the reversal bleach -
® cess is greater than ean be accounted for simply by
£ elimination of the surface relief with a licquid pate.
spilar holograms were made by using other published
;;each processes, but none showed as little flare light as

jencies.
In a further direct: visual comparison between the
smary holographic image formed by a bleached holo-
y with that formed by a conventional unbleached
: m (developed 5 min in HRP developer and -
ged), we found that when a 0.9 neutral density was
wed over the bleached hologram the images appeared
'ﬂtially identical. This showed that the image from
3¢ bleached hologram was about eight times as brigh
gihat of the other while the signal-to-noise ratios were
ble. Both holograms were made wi
Fighanice ratio of about 5:1.

&4 ~yoh (b) is an image from the same hologram but with =~

s were approximately the same. It is interesting -

:.5‘, reversil bleach process, for comparable diffraction -

=16, R L Lamberts, Appl. Opt. 8, 1345 (1970),
E : :
A

ith a beam «— 19, F. G K;sf)nr, R. L.

Finally, it should be noted that, whereas the princi-
ples for reducing flare light are general, the experiments
were performed with only one photographic material,
Kodak spectroscopic plates, Type 649-1°. It has not
been determined how (or if) the developer should be
modified for best results with other photographic ma-
terials. :

We would like Lo acknowledge the work of Clinton
Edgett and of Lloyd Bosworth-in performing many of
the measurements described in this paper. We also
want to thank R. B. Pontius for suggesting the use of
catechol and T. H. James for discussing various im-

" provements in the developer formulation.

ST LAV

This work was presented at the Spring Meéting of the
Optical Society of America in Philadelphia, April 1970,

References

1. J. Up;\tnicks and C, Leonard, Appl. Opt. 8, 85 (1969).

v

=2, J.N. Latia, Appl. Opt. 7, 2400 (1968).

s

4. C. B. Burckhardt and 15 T. Doherty, Appl. Opt. 8, 2479
(1969).

]

3 i
i

~4. K.8. Penninglon and J. 8. Harper, Appl, Opt. 9, 1643 (1970).

S Upatnicks and C. Leonard, J. Opt. Soc. A
(1970).

Amer. 60. 297
;6. M. Lehmann, J. P. Laner, and J. W. Goodman, Appl. Opt. 9,

1948 (1970).

= 7. J. Upatnicks and €, Loonand, 1BM J. Ros, I)cvch‘»p‘. 14, 527 |
(1970). .

—8. A, Schuackpfefler, W. JM,
7 - Res, Develop. 14, 533 (1070),

nd 'W. W. Kulcke, IBM J.

~9. .11 ltman, Appl Opt 5, 1683 (1966).

fata e

~10. J.C. Urhach and It. W. Mcicr, Appl. Opt. 8, 2260 (1969),
<11 R L. Lamberts, €. N. Kurtz, and C. D. Edgett, J. Opt. Soc.”
Amer. 59, 1544A (196‘.!). .

~ 12, 1f. M. Smith, J. Opt. Soc. Amer. 58, 533 (1968).
<13, .N. Chang and N, Gearge Appl. Opt. 9, 713 (1970).

- 4. C. E. K. Mees and T. IL. James, Theory of the Pholographic
Process (Macmillan Co., New York, 1966), Chap. 16.

.-‘XS. T. H. James and G. C. Higgins, Fundumenlals of Photo-
graphic Theory (Morgan and Morgan, New York, New
York, 1960), Chap. 6. . C

vlmnlperbl,jnd

C. D. Edgett, J. Opt. Soc. " -
Awner. 58, 1280 (196%). oy v

June 1971 / Vol. 10, No. 6 / APPLIED OPTICS 1347




