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ABSTRACT OF THE DISCLOSURE 

The invention describes a method for individually re 
cording a transmittance image and a refractive index 
image in a single photographic emulsion. 
The invention relates to a method for recording differ 

ent images in a single photographic emulsion, the latter 
when processed in accordance with the invention provid 
ing, among other things, a unique type of complex-valued 
spatial ?lter. 

BACKGROUND OF THE INVENTION 
The production of complex-valued spatial ?lters by 

prior art techniques has been complex, time consuming 
and extremely costly. In most cases the prior art tech 
niques require two separate emulsions, one for each 
image. The technique for sandwiching the separate emul 
sions has not been satisfactory since the methods for op 
tically aligning the emulsions require painstaking effort 
and time. This problem is further aggravated by the fact 
that the thin emulsion surfaces are not coplanar. 

Interferometric or holographic techniques have also 
been used to construct ?lters, but these require both a 
real object and a signi?cant increase in the bandwidth 
of the ?lter because of the high carrier frequecies re 
corded. 

SUMMARY OF THE INVENTION 

The present invention employs a novel method in which 
a single emulsion is exposed twice to record two different 
images, and by further employing conventional photo 
graphic processing techniques a complex-valued spatial 
?lter is produced which avoids the complexities of the prior 
art ?lters. Brie?y, the method of the present invention 
involves prehardening a photographic emulsion followed 
by sensitizing the photographic emulsion in a dichromate 
solution and thereafter exposing the emulsion to the prop 
er illumination to record a desired refractive index image. 
A bleaching step follows after which the bleached emul 
sion is exposed to proper illumination to record the trans 
mission image. By conventional photographic ?xing tech 
niques the transmittance image is developed, after which 
the emulsion is subjected to rapid dehydration to de 
velop the refractive index image. 

DESCRIPTION OF THE OBJECTS 

The main object is to provide a novel process for re 
cording a plurality of different images in a single emulsion. 
Another object is to provide a novel process for record 

ing a plurality of different images in a single emulsion 
that, when developed, yields a complex ?lter that is su 
perior in quality and less expensive than prior art ?lters. 
A more detailed object is to provide a novel process 

for recording in a single photoemulsion a transmittance 
image and a refractive index image. 
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A drawing in the form of a flow diagram shows the 

various steps of the process constituting the invention. 
The foregoing and other objects, features and advantages 

of the invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying drawing. 

DESCRIPTION OF THE EMBODIMENT 

The novel process for recording the two different types 
of images will now be described with reference to the 
drawing. A photoemulsion, for example a Kodak 649F 
Spectroscopic plate, available from Eastman Kodak Com 
pany, is prehardened by soaking the emulsion plate for 
about ten minutes in a bath, for example Kodak SH-S, 
available from Eastman Kodak Company, after which 
the plate is removed from the bath, washed in water, and 
then dried. The characteristics of the Kodak 649F Spec 
troscopic plate are described in the publication entitled 
“Characteristics of Kodak Plates for Scienti?c and Tech 
nical Applications,” Kodak Pamphlet No. P-140, revised 
October 1968, of Eastman Kodak Company. The ingredi 
ents of the Kodak SH-S bath are described on p. 46 of 
the publication entitled “Processing Chemicals and For 
mulas for Black-and-White Photography,” 5th edition, 
1954, ?rst 1959 printing, of Eastman Kodak Company. 
More speci?cially, Kodak SH-S bath is an aqueous so 
lution of the following ingredients, to wit: formaldehyde, 
6-nitrobenzimidazole nitrate, sodium sulfate, and sodium 
carbonate. The dried emulsion plate is then sensitized by 
immersion, for about ten minutes, in a dichromate solu 
tion (ammonium or potassium dichromate), after which 
the sensitized emulsion plate is removed from the solu 
tion and dried in air. 

Next, the dried sensitized emulsion is exposed to appro 
priate illumination to record the latent desired refractive 
index image in the sensitized gelatin portion of said emul 
sion and a corresponding latent silver halide density image. 
Following this exposure, the exposed emulsion plate is 
washed in running water to remove the unexposed di 
chromate. After which, the exposed emulsion plate is 
bleached by immersing the plate in Kodak E'B2 solu 
tion, available from Eastman Kodak Company, for about 
twelve minutes. This bleaching eliminates the latent silver 
image caused by the exposure, and also reduces but with 
out destroying the sensitivity of the remaining silver halide 
of the emulsion to the longer wavelengths of light. If nec 
essary, a large part of the sensitivity may be restored by 
soaking for a nominal period, roughly one to ten min 
utes, the plate in a developer solution, for example Kodak 
D19 developer solution, available from Eastman Kodak 
Company. The ingredients of the Kodak D19 developer 
are described on p. 38 of the aforementioned publication 
“Processing Chemicals and Formulas for Black-and-White 
Photography.” More speci?cally, Kodak D19 developer is 
an aqueous solution of the following ingredients, to wit: 
p-methylaminophenol sulfate, which is a development 
agent and is available from Eastman Kodak under the 
trade name Elon, sodium sul?te, hydroquinone, sodium 
carbonate, and potassium bromide. Following the bleach 
ing operation (or after soaking in the D19 developer solu 
tion), the emulsion plate is washed in running water and 
thereafter dried in air. The dried emulsion plate is now 
exposed (for the second time) to the proper illumina 
tion distribution to record a latent desired transmittance 
image in the aforementioned remaining silver halide. 
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Typical light exposure data for the aforementioned Kodak 
649F Spectroscopic emulsion, may be found, for example, 
in the publication entitled “Data Release—Kodak Mate 
rials for Holography,” Kodak Pamphlet No. 110, Febru 
ary 1969, and particularly from the appropriate informa 
tion at pp. 3-5 thereof. Following this exposure, the plate 
is subjected to normal photographic processing techniques 
for developing the latent density image, after which the 
plate is rinsed in a stop bath, and by a normal photo 
graphic ?x process the transmittance image is thereby 
completely recorded. The aforementioned Kodak Pamph 
let No. 110 describes at pp. 6 and 7 thereof typical pho 
tographic processing techniques for developing and ?xing 
silver density images for Kodak 649F type emulsions. 
Following the ?x step, the plate is washed in running wa 
ter and then immersed in isopropyl or ethyl alcohol for 
a nominal period of up to two minutes to cause rapid 
dehydration during which the refractive image is de 
veloped, after which the plate is dried. 

In the bleaching step described above, Kodak 'EB2 
bleach has the following composition: 

Part A— Gm. 
Copper sulfate __ 120 
Citric acid (monohydrate) ________________ __ r150 
Potassium bromide ______________ -7 ______ __ 7.5 

Water to 1 liter. 
Part B: 

1 part hydrogen peroxide (30%). 
7 parts water. 

Mix 1 part A to 1 part B. 
Although this bleach provides highly satisfactory re 

sults, other bleaching solutions, commercially available, 
which remove the latent density image without destroy 
ing the sensitivity of the silver halide can be used. 
The illumination employed in the ?rst exposure, for 

the recording of the refractive index image, occupies that 
portion of the spectrum between ultraviolet and blue, 
whereas the wavelength of illumination employed in the 
second exposure for the recording of the transmittance 
image lies within the region of the original sensitvity of 
the emulsion. As shown from the appropriate graph on 
p. 5 of the aforementioned Kodak Pamphlet No. 110, the 
Kodak 649F emulsion has a spectral sensitivity range be 
tween approximately .275 and .670 micron. 

However, under certain conditions, the wavelength of 
the illumination of the aforementioned ?rst exposure as 
sociated with recording the refractive index is between 
blue and ultraviolet and a longer wavelength is used for 
the aforementioned second exposure illumination which 
is associated with the recording of the transmittance den— 
sity image. Under these conditions, the second exposure 
may be used to record, with reasonable success, the sec 
ond image, i.e., the transmittance image, and, as such, 
the step of soaking the emulsion plate in the D19 solu 
tion may be dispensed with. 

While the invention has been particularly shown and 
described with reference to preferred embodiments there 
of, it Will be understood by those skilled in the art that 
the foregoing and other changes in form and details may 
be made therein without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. A process for recording refractive index and trans 

mittance image in a spectroscopic photographic emulsion 
of the type having silver halide crystals suspended in gela 
tin and having a predetermined spectral sensitivity range 
between .275 and .670 micron, said process comprising 
the steps of: 

prehardening said emulsion by soaking said emulsion 
in a liquid bath containing a hardening agent; 

sensitizing the prehardened emulsion by immersion of 
said prehardened emulsion in a solution containing a 
photosensitive dichromate compound; 
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exposing to a ?rst illumination having a spectral con 
tent in the range between blue and ultraviolet the 
sensitized emulsion to record a latent refractive index 
image in the sensitized gelatin portion of said emul 
sion and a corresponding latent silver halide density 
image; 

bleaching the exposed emulsion in a bleaching solution 
to remove only said silver halide density image with 
out destroying the sensitivity of the remaining silver 
halide; 

thereafter exposing to a second illumination having a 
spectral content which lies within said predetermined 
spectral sensitivity range the bleached emulsion to 
record a latent transmittance image in said remaining 
silver halide followed by developing and ?xing, dur 
ing which the transmittance image is developed; and 
?nally 

rapidly dehydrating the ?xed emulsion to develop the 
refractive index image. 

2. The process as in claim 1 in which the step of pre 
hardening the emulsion is obtained by soaking the latter 
for about ten minutes in said bath; and the sensitizing 
step is obtained by immersion for about ten minutes in 
said dichromate solution, said solution being of the ammo 
nium or potassium dichromate types, and said bath being 
comprised of an aqueous mixture of: 

formaldehyde; 
6-nitrobenzimidazole nitrate; 
sodium sulfate; and 
sodium carbonate. 
3. The process as in claim 1 in which the spectral con 

tent of said second illumination has a longer Wavelength. 
than that of said ?rst illumination. 

4. The process as in claim 3 further modi?ed by the 
step of sensitizing the bleached exposed emulsion by soak 
ing in a developer solution for a nominal period of time, 
up to twelve minutes, after which the emulsion is washed 
and dried prior to the recording of the transmittance 
image, said developer solution being comprised of an 
aqueous mixture of: 

p-methylaminophenol sulfate; 
sodium sul?te; 
hydroquinone; 
sodium carbonate; and 
potassium bromide. 
5. The process as in claim 3 in which the dehydration 

is ‘carried out by immersion in alcohol, either isopropyl or 
ethyl, for a nominal period of about two minutes. 

6. A process for recording refractive index and trans 
mittance images in a spectroscopic photographic emulsion 
of the type having silver halide crystals suspended in 
gelatin and having a predetermined spectral sensitivity 
range between .275 and .670 micron, said process com 
prising the steps of: . 

prehardening said emulsion by soating the emulsion in a 
liquid bath containing a hardening agent, and there 
after washing in water; 

sensitizing the prehardened emulsion by immersion of 
said prehardened emulsion in a solution containing 
a photosensitive dichromate compound, followed by 
drying; 

exposing to a ?rst illumination having a spectral content 
in the range between blue and ultraviolet the sensi 
tized emulsion to record a latent refractive index 
image in the sensitized gelatin portion of said emul 
sion and a corresponding latent silver halide density 
image, and thereafter washing in water; 

bleaching the exposed emulsion in a bleaching solution 
to remove only said silver halide density image with 
out destroying the sensitivity of the remaining silver 
halide, and thereafter Washing in water, followed by 
drying; 

thereafter exposing to a second illumination having a 
spectral content which lines within said predeter 
mined spectral sensitivity range the bleached emul 
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sion to record a latent transmittance image in said 
remaining silver halide followed by developing and 
?xing, during which the transmittance image is de 
veloped, and thereafter washing in water; and ?nally 

rapidly dehydrating the ?xed emulsion to develop the 
refractive index image; 

said spectral sensivity of said second illumination being 
a longer wavelength than that of said ?rst illumina 
tion. 
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