
Polarization - interference mapping of the distributions of the 

parameters of the Stokes vector of the object field of a biological 

optically anisotropic layer 
 

A. Dubolazov1, V. Ushenko1, O. Litvinenko2, V. Bachinskiy2, A. Petrushak2,  
A. Karachevtsev1 , M.L. Kovalchuk1 

 
1 Chernivtsi National University, 2 Kotsiubynskyi Str., Chernivtsi, Ukraine, 58012 
2Bukovinian State Medical University, 3 Theatral Sq., Chernivtsi, Ukraine, 58000 

ABSTRACT 

The materials of experimental testing of the Stokes-polarimetry method using a reference laser wave are 
presented. The results of layer-by-layer measurement of coordinate distributions of the magnitude of the 
ellipticity of the polarization of laser radiation converted by polycrystalline films of biological fluids are 
presented. In the framework of the statistical and cross-correlation approaches, the values and ranges of 
changes in the statistical and correlation moments of the 1st to 4th orders of magnitude characterizing the 
distribution of the ellipticity of the polarization of laser radiation converted by polycrystalline networks in 
different phase sections are determined. 
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1. INTRODUCTION  

Optical sheme and measurement procedure  

The Stokes-correlometric mapping scheme is shown in fig. 11-4. 
 

 
 

Figure 1. The optical scheme of polarization-interference mapping of the parameters of the Stokes vector of optically 
anisotropic biological layers. 
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A parallel ( m3102Ø  ) beam of He-Ne ( m 6328,0 ) laser 1, formed using a collimator 2, using 50% beam 

splitter 3, is divided into "irradiating" and "reference". 

The "irradiating" using a rotating mirror 4 is sent through a polarizing filter 6 - 8 in the direction of the sample of the 
biological layer 9. A polarizing-inhomogeneous image of the object 9 with the lens 10 is projected into the plane of the 
digital camera 14. The “reference” beam is directed by the mirror 5 through the polarization filter 11 - 13 into the plane 
of the polarization-inhomogeneous image of the object 9. As a result, an interference pattern is formed, the coordinate 
intensity distribution of which is recorded by the digital camera 14. The method of polarization-correlation determination 
of the set of parameters of the Stokes vector consists in the following set of actions: 

 The simultaneous formation in the "irradiating" and "reference" parallel laser beams of one of these polarization 
states (for example  

            ;;135135;4545;9090;00 00000000 ). 

 For each of these polarization states, registration of each partial interference pattern is experimentally carried 

out through the polarizer-analyzer 14 with the orientation of the transmission plane at angles 
00 90;0  . 

 Recovery for each partial polarization-interference distribution in the aggregate of phase cross const  

sections using the integrated diffraction transformation of coordinate distributions of complex amplitudes 

    rErE yx ,;,    6-12  in the plane of the microscopic image of the biological layer. 

 Calculation in each phase plane ( ;...2;1;0,  kkk  ) of coordinate distributions ( yx, ) of a set of Stokes 

vector parameters  yxSi ,,4;3;2;1   and polarization parameters  yx,,  and  yx,,  according to the following 

algorithms 
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2. THREE-DIMENSIONAL MAPS OF ELLIPTICITY OF POLARIZATION OF 

DENDRITIC POLYCRYSTALLINE NETWORKS OF LIQUOR FILMS 

As test samples, we used optically thin films of  liquor with optical thicknesses 096,0089,0  , within which the 

condition for a single scattering of laser radiation by a dendritic network of needle crystals is realized. 

The ellipticity of polarization was chosen as the main information parameter (without reducing the completeness of the 
analysis), the value of which is integrally determined by both the birefringence of biochemical crystals and the directions 
of the optical axes 12-22. 

The "reference" phase planes in the process of 3D reproduction of distributions of polarization ellipticity values were - 

radradrad 2,1;8,0;4,0 . The results of layer-by-layer reproduction of polarization ellipticity maps are shown in a 

series of dependencies in fig. 1, fig. 4 and fig. 7. 
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Fig. 2, fig. 5 and fig. 8 illustrates the topographic structure ( pixpix 5050  ) of the map of the ellipticity of the 

polarization of laser radiation in the thickness of a polycrystalline liquor film in various phase sections. 

The data of cross-correlation analysis of layer-by-layer distributions of polarization ellipticity values are presented as a 
series of autocorrelation functions in fig. 3, fig. 6 and fig. 9. 

 
 

Figure 2. Coordinate (fragment (1)) and volume (fragment (2)) structure of the map of the ellipticity of polarization of the 

polycrystalline cerebrospinal fluid film in the phase section 4,0 . 

 

 
 

Figure 3. Topographic structure ( pixpix 5050  ) of the polarization ellipticity map of the polycrystalline liqour film in the 

phase section. Explanation in the text. 

 

 
 

Figure 4. Cross-correlation distribution functions of the polarization ellipticity of the polycrystalline liquor film in the phase 

section 4,0 . Explanations in the text. 
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Figure 5. Coordinate (fragment (1)) and volumetric (fragment (2)) structure of the polarization ellipticity map of the 

polycrystalline liquor film in the phase section 8,0 . 

 
 

Figure 6. Topographic structure ( pixpix 5050  ) of the polarization ellipticity map of the polycrystalline liquor film in the 

phase section 8,0 . 

 

 
Fig. 7. Cross-correlation distribution functions of the polarization ellipticity of the polycrystalline liquor film in the phase 

section 8,0  . 
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Fig. 8. Coordinate (fragment (1)) and volumetric (fragment (2)) structure of the polarization ellipticity map of the 

polycrystalline liquor film in the phase section 2,1 .

Fig. 9. Topographic structure ( pixpix 5050  ) of the polarization ellipticity map of a polycrystalline liquor film in phase

section 2,1  .

Fig. 10. Cross-correlation distribution functions of the polarization ellipticity of the polycrystalline liquor film in the 

phase section   1,2 .
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An analysis of the data obtained by polarization mapping in various phase sections of the laser radiation field 
transformed by a polycrystalline network of dendritic crystals of the liquor film (fig. 1 - fig. 9) revealed: 

1. The main polarimetric manifestations of the polycrystalline structure of the optically anisotropic liquor layer is the 
formation of distributions of the ellipticity of polarization (fig. 1, fig. 2, fig. 4, fig. 5, fig. 7, fig. 8, fragments (1), (2) ). 

2. For each of the coordinate distributions  yxi ,, , within the partial phase cross sections 

radradradi 2,1;8,0;4,0 , an individual statistical inherent (probability and range of variation of the polarization 

ellipticity - fig. 1, fig. 4, fig. 7, fragments (2)) and topographic (features of the coordinate distribution of values  ) 

structure - fig. 2, fig. 5, fig. 8. 

3. The topographic structure of the polarization ellipticity maps is a collection of local domains   constyx  ,  that 

are randomly located in the plane of phase sections i  of the laser radiation field transformed by a polycrystalline liquor 

film - fig. 2, fig. 5, fig. 8. 

4. With increasing ( ) of the phase cross section (  ) of the polarization-inhomogeneous field (  yx, ), the range of 

changes in the local values of the polarization ellipticity (  ) and the values themselves   increase - fig. 2, fig. 5, 

fig. 8 respectively. 

5. The autocorrelation functions  xQ i ,  and  yQ i , , characterizing the degree of coordination of polarization maps 

 yxi ,,  in orthogonal directions ( Ox  and Oy  ), are complex descending dependences with fluctuations (  xQ i ,
~   

and  yQ i ,
~  ) of the eigenvalues of the dependences - fig. 3, fig. 6, fig. 9. 

6. With increasing ( ) of the phase cross section (  ) of the polarization-inhomogeneous field (  yx, ), the half-

width of the dependences of the cross-correlation functions  xQ i ,  and  yQ i ,  decreases, as well as the amplitude 

of the fluctuations  xQ i ,
~   and  yQ i ,

~  . 

Let us analyze the results obtained from a physical point of view within the statistical and correlation approaches.  

Statistical analysis. A polycrystalline dendritic network is formed by planar needle-shaped linearly birefringent (  ) 

albumin crystals with randomly located directions (  ) of optical axes located in the plane of the liquor film. 

Thus, the optical-anisotropic properties of the liquor film are determined by the distributions of phase   and 

orientation   parameters. When polarized laser radiation passes through a local crystal with random parameters ii  , , 

a random value of polarization ellipticity i  is formed. As a result, in a certain partial plane, a two-dimensional 

distribution of random ellipticity values   is formed. A quantitative assessment of such a distribution is a set of 

statistical moments of the 1st - 4th orders  4;3;2;1iZ . 

In our situation, by varying the increasing value of the phase cross section, it is possible to sequentially detect 

 i  the distributions in various partial planes of the polycrystalline liquor film. It should be noted that for small 

values 
i  (in our case рад4,0 ), the most probable are coordinate-localized separate acts of interaction of laser 

radiation with individual crystals. Due to this, the distribution map of the polarization ellipticity  yx,  is a collection of 

local polarization domains   constyx  ,   with a small range of variation of the ellipticity value ( 00 2020   ) 

against the background of the most probable linearly polarized radiation ( 00 ), which corresponds to optically 

isotropic sections of the liquor film - fig. 2. Therefore, such a distribution  радi 4,0   is generally characterized by 

small values of statistical moments of the 1st (average) and 2nd (dispersion) orders and, conversely, by a significant level 

of asymmetry (  3Z ) and excess (  4Z ). 
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For large values of the phase cross section (in our case radrad 2,1;8,0 ), the probability of interaction with several 

optically anisotropic crystalline formations of the dendritic network increases. As a result, the quantity, area, size, and 
range of ellipticity changes within the polarization domains − fig. 5 and fig. 8. Quantitatively, this is manifested in 
opposing trends in the magnitude of statistical moments −  1Z  and  2Z  − grow; statistical moments of higher 
orders, on the contrary, decrease. 

Correlation analysis. A comparative analysis of the coordinate structure of maps of polarization ellipticity  yxi ,,  in 

various phase sections i  revealed the following general features. First, the coordinate heterogeneity of the topographic 

structure of polarization domains. Secondly, the location of such polarization sites (   constyx  , ) is repeated with a 

certain frequency - fig. 2, fig. 5, fig. 8. 

The first factor is manifested in a fairly rapid drop in the eigenvalues of autocorrelation functions Q , which were 

determined in two mutually perpendicular directions. The second - leads to the formation of quasiperiodic fluctuations (

 xQ i ,
~  and  yQ i ,

~  ) of the value of cross-correlation functions  xQ i ,  and  yQ i , . 

An increase in the phase cross section (in our case radrad 2,1;8,0 ) leads to a decrease in the half-width of cross-

correlation functions  xQ i ,  and  yQ i ,  an increase in the sharpness of their peak, as well as a decrease in the 

amplitude of their fluctuations  xQ i ,
~  ,  yQ i ,

~  . The reason for this is the increase in the coordinate inhomogeneity 

of the polarization-inhomogeneous laser field in these planes. In particular, the number of local polarization domains is 
increasing, within the area of which the magnitude and range of the ellipticity change also increase - Fig. 5 and fig. 8 due 
to an increase in the probability of interaction of laser radiation with several optically anisotropic crystalline formations 
of the dendritic network. From a physical point of view, such a process indicates the formation of a more polarization-
inhomogeneous field of laser radiation transformed by an ensemble of crystals of a dendritic network of a liquor film. 
Quantitatively, this is manifested in opposite trends in the magnitude of correlation moments — the average value (

 1K ) and half-width (  2K ) of cross-correlation functions  xQ i ,  and  yQ i , polarization ellipticity maps 

 yxi ,,  decrease. Correlation moments of higher orders (  4;3K  - asymmetry and  excess of cross-correlation ) 

increase, on the contrary, with increasing a value of the phase section of the 3D distribution of the polarization ellipticity 

of the polycrystalline liquor film. The values of statistical 4;3;2;1iZ  and correlation 4;3;2;1jK  moments of the 1st to 4th 

orders of magnitude that characterize the coordinate distributions and cross-correlation functions of the magnitude of the 

polarization ellipticity   of the three-dimensional microscopic image of the polycrystalline dendritic network of the 

liquor film in various phase sections   are shown in table 1. 

 

Table 1. Statistical and correlation moments that characterize the distribution of the magnitude of the polarization elliptic 
of the microscopic image of the polycrystalline liquor film in various phase sections   

 iZ   jK  

4,0  
1Z  0,09 4,0  

1K  0,19 

2Z  0,11 
2K  0,12 

3Z  1,18 
3K  0,47 

4Z  1,57 
4K  0,65 

8,0  
1Z  0,13 8,0  

1K  0,12 

2Z  0,15 
2K  0,08 

3Z  0,87 
3K  1,03 

4Z  1,09 
4K  1,49 
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2,1  
1Z  0,19 2,1  

1K  0,07 

2Z  0,21 
2K  0,05 

3Z  0,53 
3K  1,28 

4Z  0,48 
4K  1,87 

 
A comparative analysis23-28 of the change in the magnitude of the 1st and 4th order statistical and correlation moments in 
different phase sections of the 3D distribution of the polarization ellipticity of the object field of the polycrystalline 
liquor film revealed significant differences between them: 

 

         ;3,2;3,2;9,1;1,2 4321   ZZZZ  

 

         .9,2;7,2;4,2;3,2 4321   KKKK  

 

CONCLUSIONS 

The most sensitive to changes in the parameters of linear birefringence ( , ) of the polycrystalline network of dendritic 

crystals in the volume of the liquor film were statistical ( 4;3iZ  - differences for different phase cross sections are 2.3 

times) and correlation ( 4;3iK  - differences for different phase cross sections are 2.7 - 2, 9 times) moments of higher 

orders characterizing the distribution of the ellipticity  yx,,  of the polarization-inhomogeneous object field of laser 

radiation. 
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