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The holographic reciprocity law for dichromated gelatin is 
investigated experimentally. The results obtained show that 
this law does not hold true for this material. 
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The reciprocity law for a holographic recording material is a 
function of the total exposure E = I × t only and is 
independent of the magnitude of either irradiance I or 
exposure time t.1 However, we see below that the reciproc-
ity law does not hold true for exposures of high irradiance 
(short duration) and for exposures of low irradiance (long 
duration). This phenomenon is called reciprocity law fail-
ure. Several authors have reported a reciprocity law failure 
for silver halide emulsions.1,2 For dichromated gelatin 
(DCG) Chang and Leonard found a significant change in 
holographic characteristics that were due to the effects of 
reciprocity.3 

DCG has high energy sensitivity in a spectral region in 
which no laser sources can be found, which makes it 
impossible to use the chromatic sensitivity of this recording 
material. Thus it is necessary to expose the plate of DCG for 
long periods of times. If we work with short wavelengths, in 
which DCG has more sensitivity, it is possible to prove that 
the DCG response is different because its diffraction effi-
ciency for a fixed level of exposure has been modified. 

The effects of the reciprocity law on DCG were investi-
gated by recording transmission holographic gratings at the 
same value of exposure but with different irradiances. 
Measurements of diffraction efficiency for these gratings 

Fig. 1. Experimental setup used to record transmission holo-
graphic gratings in DCG. 
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indicate that efficiency depends on the irradiance for a fixed 
level of exposure. 

Experiments were carried out with DCG obtained from 
Kodak 649F plates. In order to obtain holographic gratings 
in DCG we used a two-step method for recording holo-
graphic optical elements with partially coherent light.4 The 
method consists of copying a previously generated holo-
graphic grating in Fresnel's region. When the grating is 
placed at Bragg's angle and its object beam and reference 
beam in reconstruction are optimized so that they have a 1 
to 1 relation in the second stage, we are able to copy onto a 
DCG plate. The diffraction efficiency of the second holo-
graphic grating is comparable to that obtained by using a 
conventional holographic device. 

Figure 1 shows the experimental setup. A collimated 
beam from a high-pressure mercury lamp was used to copy 
a series of transmission gratings with exposures ranging 
from 1.5 to 125 mJ/cm2. The coherence factor of this light 
is more than 0.9. The sensitivity of DCG increases by a 
factor of 100 when we tune from 514 to 405 nm (see Ref. 5) 
so we chose 405 nm as a recording wavelength. 

After exposure the plates were developed in a DCG 
standard developing process. It is possible to compare the 
results obtained by this method with the results we see 
reported in the literature (see Ref. 6) that use the same 
recording material and process we use with coherent sources. 

The results are summarized in Figs. 2 and 3, which show 
the diffraction efficiency versus exposure for three irradi-
ance sources, and the diffraction efficiency versus the 
exposure time, also for three irradiance sources. 

As can be seen from Fig. 2 the exposure that allows us to 
obtain maximum diffraction efficiency varies from 20 to 80 
mJ/cm2, depending on the source of irradiance. We can 
make an interesting observation: when the power of the 
source increases the sensitivity also increases. We think 
that an explanation of this increase of sensitivity in DCG is 
supported by the following argument. In DCG the photosen-

Fig. 2. Diffraction efficiency plotted as a function of exposure for 
three irradiance sources. 



Fig. 3. Diffraction efficiency plotted as a function of the exposure 
time for three irradiance sources. 

sitive components, that is, the dichromates, are efficient 
absorbers of ultraviolet, violet, and blue radiation. Accord-
ing to the reciprocity law in a photochemical reaction the 
yield of product is a function of the total radiant energy 
absorbed, i.e., exposure E. To obtain a given yield the 
required exposure time t is inversely proportional to the 
irradiance I that is used. This is because the quantum yield 
of the reduction of the dichromate to Cr+ 3 decreases for a 
prolonged exposure time. This quantum yield is the recipro-
cal of the number of quanta that are required for reducing 
one dichromate group.7 

In summary, Figs. 2 and 3 show that, at equal exposure 
levels, the diffraction efficiency obtained for holographic 
gratings made in DCG is different. This clearly indicates an 
increase in the sensitivity of DCG and that a failure in the 
reciprocity law exists for this recording material. Finally, 
from these experiments we can also conclude that it is 
possible to increase the energetic sensitivity in DCG by 
increasing irradiance. 
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