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Abstract: In the present work we have studied the Gaussian pattern and its time evolution observed in the diffusion region 
separating two liquids in a Christiansen cell. It has been observed that there is a definite co-relation between the shape of the 
Gaussian pattern and the width of the diffusion region. When the diffusion band attains its maximum length, Gaussian pattern 
nearly vanishes. When laser beam is passed through this region of diffusion, a circular diffraction halo pattern has been 
observed. The time evolution of these Gaussian patterns will throw much needed light not only on the theory of the Christiansen 
effect but also to develop an optical technique to measure the rate of diffusion between two molecules. 
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I. INTRODUCTION 
The Christiansen effect is concerned with an optical technique to produce optical spectral filtering by transmission of incident light. 
This technique is based on refractive index matching property for a multiphase material, discovered by Christiansen [1]. When an 
optical isotropic solid like glass is powdered and is put inside a glass cell which is then filled with a liquid and its refractive index is 
adjusted suitably by varying its composition or altering its temperature, beautiful chromatic effects are observed. The cell becomes 
transparent for the particular wavelength while rest of the incident light passing through the cell is diffused out in various directions. 
This is known as the Christiansen effect after its inventor. It was Raman and co-workers [2-4] who gave adequate explanations to 
the phenomenon through a series of papers. The theory which Raman advances is concerned with the concept of wavefront 
corrugation and is similar to the work of Ramachandran on clouds [5], except that instead of air and water, one has two media of 
refractive indices n1 and n2. Experiments to demonstrate the Christiansen effect are usually performed with powdered glass but with 
spherical particles one expects even more spectacular effect. Clarke [6] showed theoretically that the diffraction profile is 
approximately Gaussian. This effect has found its applications in diverse field of science and technology [7-13]; mainly in IR study, 
glass technology, heat transfer and flow through porous media,  atmospheric study, colloids and polymer study, optical sensor etc. 
In a recent work we have described in detail about the role of diffusion on the chromatic patterns associated with the Christiansen 
effect where, we have indicated about time changing ‘Diffraction halo’ [14-15]. This dynamic ‘Diffraction halo’ appears when laser 
radiation is allowed to fall on the Christiansen cell containing two liquids miscible through diffusion. This paper is concerned with 
some salient features of Gaussian patterns observed in Christiansen experiment with continuous diffused light background.  

II.  EXPERIMENTAL 
A Christiansen cell containing two liquids miscible through diffusion without glass spherules is placed against a continuous diffused 
light background and the chromatic patterns are observed.  A high resolution video camera coupled with a computer has been used 
to photograph the chromatic patterns under different circumstances.  An optical pattern resembling a Gaussian shape may be seen at 
the boundary separating the two liquids when is viewed against the diffused light back ground. Here we use acetone and CS2, 
benzene and CS2 , water and acetone etc combinations. It may be noted that these types of optical Gaussian pattern and their time 

evolution have not been reported by earlier workers connecting with Christiansen experiment. The Gaussian patterns observed here 
do not depend on the shape of the sample cell. We have observed these patterns in square optical cell also. Twenty patterns have 
been photographed at different intervals of time to study their evolutions. 

III. RESULTS AND DISCUSSION 
It is instructive to record the optical patterns in the region of diffusion at different intervals of time, from the beginning and at 
successive stages to observe their developments till a stage of saturation is attained. Fig.1 shows the photographs of the optical 
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patterns resembling a Gaussian shape. These patterns change in time with diffusion between two liquids. It is, however, essential to 
note that the Gaussian optical pattern appears in the field of view (Fig 1a) after about ten seconds. In fact it looks more like a region 
of discontinuity or region of absorption of radiation. The process of diffusion continues and the shape of Gaussian optical pattern 
changes accordingly. As may be inferred from Fig 1 (a,b,c …t) the Gaussian patterns broaden with the evolution of time and after 
ten hours the pattern nearly disappears for a cell of diameter 6mm. 

 
 

 

Fig.1: Time evolution of optical Gaussian pattern in Christiansen cell (liquid, CS2 and acetone; cell length 40 cm and of diameter 

0.6 cm). 
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It is worthwhile to note that to observe Gaussian optical pattern, diffusion between two liquid is necessary. In case where diffusion 
is not observed this effect is not demonstrate. For example, in the case of CS2 and ethanol, there is no diffusion and hence no this 
Gaussian pattern. We have photographed the different Gaussian pattern for different pair of liquids. For the case of CS2 and acetone 
the pattern nearly disappears after ten hours. It has been observed that there is a definite co-relation between the shape of the 
Gaussian optical pattern and the width of the diffusion band. From the photograph it is clear that when the diffusion band attains its 
maximum length, Gaussian pattern nearly vanishes. Another salient features as regards the Gaussian pattern is that pattern is always 
asymmetric and several lines of demarcation can be seen insides the Gaussian pattern itself. It may be also noted that the Gaussian 
pattern is slightly asymmetric towards lower side. This indicates that diffusion is more towards lower side due to gravitation.  Table 
1 shows the change of Gaussian pattern with passes of time for CS2 and acetone combination. Fig. 2 shows how the Full width at 

Half Maxima (FWHM) evolves with time which is identical as we had observed with glass spherules [13]. 

Table I 
Change of gaussian pattern with passes of time for cs2 and acetone combination 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig 2.  Changes of FWHM of the Gaussian patterns with time 

Optical cell  (Length 40 cm, diameter 
0.6 cm) 

Figure 1 Time in minute 
a 0.16 
b 0.41 
c 1 
d 2 
e 4 
f 7 
g 10 
h 15 
i 20 
j 25 
k 30 
l 40 
m 55 
n 70 
o 85 
p 135 
q 200 
r 320 
s 420 
t 600 
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Why the phenomenon described above manifests itself is not difficult to understand if we consider the process of diffusion, which is 
taking place between acetone and CS2 to both sides of the boundary separating them. The density of the liquid at the boundary and 

in the region of diffusion is more than that lying above and is less than that lying below it. A refractive index gradient due to 
concentration gradient is taking place in this region, which is responsible for the Gaussian pattern.  

IV. CONCLUSIONS 
From what has been described above, it is apparent that the Gaussian pattern, plays a central role in Christiansen experiments where 
a combination of two liquids of nearly equal refractive index are used There may be a number of explanation to the above 
phenomenon . It is believed that a detailed investigation of these diffusion fringes will throw much needed light not only on the on 
the nature on the Gaussian pattern shape of the Christiansen  effect but also on the rate of diffusion between two molecules. 
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