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The features of application of multiplicative and homogeneous models were described. Relations between anisotropy parameters 
describing the simultaneous (homogeneous models) and sequential (multiplicative model) effects of mechanism of anisotropy in a medium 
with elliptical birefringence were found. Cases of different ratios between the values of different mechanisms of anisotropy were reviewed. 
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Introduction. Polarimetry as high precision research 
instrument without destroying anisotropic media has many 
applied uses today [6]. However, the development of 
modern polarimetry closely connected with the peculiarities 
of specific classes of studied objects [11]. Polarization 
properties of the medium with one mechanism of 
anisotropy are the simplest case which has been totally 
studied [1]. Therefore, considerable interest is paid to the 
properties of the medium in which there are several 
mechanisms of anisotropy [2]. Today in matrix polarimetry 
there are two main methods for modelling properties of 
such media. The question about the features of the 
polarization properties of such media was the study of the 
� � 2SiO crystal in which in the direction perpendicular to 
the optical axis distributed two elliptically polarized 
eigenwaves [9–10]. This indicates the presence in the 
crystal anisotropy of two mechanisms: linear and circular 
birefringence. These mechanisms are determined by the 
anisotropy of different phase velocity of the eigenwaves 
that in the first case are linear, and the second are circular. 
In polarimetry for the quantitative analysis of the properties 
of these mediums consider the following parameters: 

� �0 02 /en n z z� � � � 	 � � – phase shift between the two 
linearly polarized eigenwaves, �  – azimuth  and circular 
phase anisotropy with phase shift: � � 0/l rn n z z
 � � � 	 � 
  

where 0, , ,e l rn n n n  – refractive indices of the medium for 
ordinary, extraordinary, left and right circularly polarized 
waves respectively, 0 0,� 
  – the value of the relative phase 
shift per unit length in the direction of light propagation z . 

Examples of such media are crystals � � 2SiO  and 

2TeO  [10]. For studying and analyzing of the polarization 
properties of the medium with complex anisotropy are 
prevalent matrix methods, including the method of Jones 
and Mueller [1]. Within these methods, the anisotropic 
properties of the medium are described by a matrix of 2x2 
or 4x4, which for the above mentioned class of media is a 
function of the anisotropy parameter , ,� 
 � . Mueller matrix 
models for media in which there is a mechanism of 
anisotropy were constructed in [4]. To analyze the media in 
which there are two mechanisms of anisotropy associated 
with birefringence [2] was proposed the 1-st equivalence 
Jones theorem, the essence of which is that any sequence 
of optical elements with linear or circular birefringence can 
be represented by a set of two elements with appropriate 
mechanisms of anisotropy. In fact, based on this theorem 
was built multiplicative model of homogeneous anisotropic 
media in which the presence in the media of linear and 
circular birefringence can be represented as sequential 
effect of these mechanisms of anisotropy and the order of 
their following is discussed in [3, 10]. Mueller matrix under 
the multiplicative model is the product of matrices Müller, 

describing some of the mechanisms of anisotropy. In 
particular, it was shown that the phase shift ,� 
  the same 
in both orders of following optical elements and orientation 
�  is different by the value 
 .  

In the framework of homogeneous model of 
representing of anisotropic media [7], it was shown [8] that 
the electrodynamics parameters , ,� 
 �  do not coincide 
with the corresponding effective parameters of 
multiplicative model. 

Applying the method presented in [9] obtained the 
following relationship between the parameters of multiplicative 

, ,M M M� � 
  and homogeneous 0 0, ,� 
 �  models: 

� � � � � � � �� �� �
� �� � � �

� � � �� � � � � �
� � � �� � � � � �
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 (1) 

where 2 2
0 04 � � � 
  – relative phase shift between 

eigenwaves  per unit length z , ( ) cos( )C x x� , 
( ) sin( )S x x� . From relations (1) can be noted that the 

values ,M M� � are a function of all three parameters 0 0, ,� 
 �  
of the homogeneous model and thickness z , while the 
value M
  does not depend on the orientation of the axis of 
birefringence �  in the framework of homogeneous model. 
This indicates that the circular birefringence even in the 
multiplier is still independent of the orientation of the plane of 
polarization. Let us analyze the obtain relation (1) for 
different ratios between the parameters of linear and circular 
birefringence. First, consider the case where the 
predominant linear birefringence. In particular, this case is 
realized for crystals � � 2SiO  and 2TeO , which are 
characterized by the values of  unit parameters of 
anisotropy: 0 5,14 / m� � �� , 3

0 8,5 10 / m�
 � � � ��  and 

0 86,97 / m� � �� , 2
0 3,55 10 / ��
 � � ��  for 0,63	 �  and 

0� �  respectively. Substituting the above mentioned 
parameters of crystals � � 2SiO , and 2TeO , in the direction 
perpendicular to the optical axis in equation (1) we obtain the 
dependence of the parameters of anisotropy of the 
multiplicative model , ,M M M� � 
  on coordinate z, which are 
represented together with the parameters of anisotropy of 
homogeneous model , ,� 
 �  in Fig. 1. 
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Graphical interpretation of Eqs. (1) for other different 
ratios between �0  and 
0 for crystal � � 2SiO  shown in 
Fig. 2. It turns out that in extreme cases � 
�0 0  or 
� 
�0 0  the appropriate parameters of anisotropy of 
multiplicative and homogeneous models � � �0M  or 


 � 
0M  coincides. While all the other parameters of the 
model in this cases do not coincides. In the most general 
case, when 0 0� � 
  none parameters of anisotropy of 
homogeneous and multiplicative model does not coincides. 
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Fig. 2 The dependece of anizotropy parameters of multiplicative and homogeniuse models on thickness z  

in direction of light propagation for the cases a) , b) 0 5,43 / m� � �� , 0 4,18 / m
 � � �� ,  

c) 0
37,3 10 / m�� � � �� , 0 4,18 / m
 � � ��  

 
Conclusions. In general for the medium with elliptical 

birefringence the parameters of anisotropy of sequences 
effect of anisotropy mechanisms (multiplicative model) do 
not coincident with parameters of anisotropy of simultaneous 
effects of mechanisms (homogeneous model) of anisotropy. 
So in general case the multiplicative model characterized by 
some effective anisotropy parameters. However, in extreme 
cases, when the value of one mechanism of anisotropy 
dominates over the other, there is a coincidence of this value 
of anisotropy in both models. Case � 
�0 0  for example 
sold for trigonal crystal system which includes in particular: 
� � 2SiO  and 2TeO  in direction of optical axis. 
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