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ABSTRACT

The given data on the optical arrangement, in which the coordinate distributions of the real and imaginary component of
the elements of the Jones matrix of optically thin polycrystalline layers are determined. Algorithms are presented and an
experimental method for measuring the real and imaginary component of Jones-matrix images is analyzed. The
experimental results of the study of statistical, correlation, and fractal parameters, which characterize the real component
of the Jones-matrix image of polycrystalline networks of flat layers of the main types of human amino acids, are
presented.
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1. INTRODUCTION

The actual direction in laser polarimetric diagnostics [1-11] of biological objects is the development of matrix methods
[12-15], which provide the most complete information about the polycrystalline structure [16-21] of films of biological
fluids of human organs. We study possibilities of the development and experimental testing of the Jones matrix (JM)
mapping method for polycrystalline layers of basic amino acids of the human body in order to obtain parameters for the
differential diagnosis of pathological conditions.

2. POLARIZATION DEVICE FOR JONES-MATRIX MAPPING OF AMINO ACID FILMS

Figure 1 illustrates the device scheme of polarization cartography of the coordinate distributions of the real and
imaginary components of the Jones matrix of biological fluids. The illumination was carried out in parallel (& = 104 um)
by a coherent beam (A = 0.6328 pm, W = 5.0 mW). The illuminator part include phase shift plates 3; 5 and linear
polarizer 4. Polarization images of biological samples were projected by micro-lens 7 (magnification 4x) on to the
photosensitive area of a CCD camera 10. Polarization analysis of biological samples of microscopic images of fluids was
carried out using a analyzer 9 and a phase shift plate 8.
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Figure 1. The optical scheme of the polarimeter, where 1 — He-Ne laser; 2 — collimator; 3,5,8 — phase shift plates; 4, 9 — polarizers;
6 — sample; 7 — micro lens; 10 — CCD camera; 11 — personal computer

3. POLARIZATION IMAGES OF ANISOTROPIC STRUCTURE OF AMINO ACIDS

We carried out a comprehensive study of the real component of the maps of the elements of the polarization matrix (PM)
R.(mxn) and R, (mxn), characterizing mainly the manifestations of the orientational , and phase & structure of

an ensemble of liquid amino acid crystals. Figure 2 shows a series of polarization images of the crystalline layers of the
main types of amino acids of the human body.
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Figure 2. Polycrystalline networks of ¢ types of human amino acids

Figures 3 to 8 show the Jones-matrix images of the real component of the “orientation” Rll(mxn) and
“phase” R,,.,, (mxn) maps and three-dimensional reconstructions of their values N(R;), N (Rm]), autocorrelation

functions G, (AX); G, (AX), logarithmic spectral dependences LgJ(Gy);Lgd (Glm) of maps of the real

Proc. of SPIE Vol. 11176 1117606-2

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 21 Nov 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



component of the JM elements of glycine amino acids (Fig. 3 and Fig. 4), methionine (Fig. 5 and Fig. 6) and proline

(Fig. 7 and Fig. 8), respectively.
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Figure 3. Maps (a), probabilistic (b), autocorrelation (c) and self-similar (d) characteristics of the actual component of the

IM element R, of a PS of a glycine layer
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Figure 4. Maps (a), probabilistic (b), autocorrelation (c) and self-similar (d) characteristics of the actual component of the

JM element Ry, ,, of the PS of the glycine layer
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Figure 5. Coordinate (a), probabilistic (b), correlation (c) and self-similar (d) structure of the real compone

of the Jones matrix Ry, of the polycrystalline network of a mitionine layer
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Figure 6. Coordinate (a), probabilistic (b), correlation (c) and self-similar (d) structure of the actual component of the
element of the Jones matrix Ry,.; of the polycrystalline network of the mitionine layer
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Figure 7. Maps (a), probabilistic (b), autocorrelation (c) and self-similar (d) characteristics of the actual component of the
IM element R, of a PS of a proline layer
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Figure 8. Maps (a), probabilistic (b), autocorrelation (c) and self-similar (d) characteristics of the actual component of the
JM element Ry, ,, of a PS of a proline layer
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1. The space structure of the angles of the crystal axes of the PS of amino acids has a significant effect. We
measured a wide range of value changes (0 < AR,, <1) in the maps Rn(mx n) (Fig. 3, Fig. 5, Fig. 7 Fragments

(a)). Moreover, all maps of the real component of the “orientational” elements of the JM are individual (Fig. 3,
Fig. .5, Fig. 7. Fragments (b)).

2. The differences between the maps of the real component of the “phase” R,,,, element (Fig. 4, Fig. 6, Fig. 8,

fragments (a)) of PS amino acid are not so expressive (Fig. 4, Fig. 6, Fig. 8 Fragments (b)) as for JM
distributions of "orientation" elements.

3. The autocorrelation functions G,,.,.,, (Ax) of the maps of the real component of the JM elements biological

layers with dendritic and spherolitic geometry are falling dependencies with modulations of eigenvalues (Fig. 3
and Fig. 5 fragments (c)).

4. The real componentR,,,, (mxn) are practically fractal; for the “phase” matrix element - multifractal. The
corresponding logarithmic dependences LgJ (G,,) are characterized by a constant angle of inclination (Fig. 3,

Fig. 5 and Fig. 7, fragments (d)). Dependencies LgJ (G12;21) are characterized by broken approximating curves
with two angles of inclination (Fig. 4, Fig. 6, and Fig. 8, fragments (d)).

The results of the quantitative analysis of JM maps are shown in Table 1.

Table 1. Statistical, autocorrelation, fractal parameters of JM maps of amino acid samples

Rll(mxn) R12;21(mxn)
Glycine
M 0,41 K, 0,44 S, 0,56 M 0,46 K, 0,48 S, 0,53
o 0,21 K, 0,14 S, 0,19 o 0,19 K, 0,14 S, 0,14
A 0,86 K, 1,31 S; 0,62 A 0,24 K, 0,29 S, 0,43
E 0,63 K, 3,16 S, 0,83 E 0,17 K, 1,19 S, 0,37
Methionine
M 0,31 K, 0,52 S, 0,48 M 0,51 K, 0,51 S, 0,5
o 0,15 K, 0,11 S, 0,13 o 0,24 K, 0,11 S, 0,11
A 0,53 K, 0,57 S, 0,47 A 0,18 K, 0,24 S, 0,31
E 0,68 K, 2,12 S, 0,39 E 0,12 K, 0,91 S, 0,27
Proline
M 0,39 K, 0,45 S, 0,56 M 0,48 K, 0,48 S, 0,52
o 0,28 K, 0,1 S, 0,13 o 0,32 K, 0,07 S, 0,09
A 0,12 K, 0,24 S; 0,48 A 0,12 K, 0,36 S, 0,21
E 0,09 K, 1,38 S, 0,27 E 0,09 K, 1,15 S, 0,18
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4. CONCLUSIONS

The entire set of 1st, 4th order statistical moments of probability, autocorrelation and fractal parameters of the real
component of the elements of the Jones matrix, has individual sets of values.

The disordering of the orientations of the crystals axes of amino acids is manifested - a decrease in the magnitudes of the
statistical moments of the 3rd and 4th orders of the maps of the real component of the “orientation” element of the Jones
matrix.

Attenuation of oscillations of the Jones matrix autocorrelation functions, as well as a decrease the values K, and K,;

The growth of the 3rd and 4th order spectral moments, which characterize the logarithmic dependences of the power
spectra of the Jones matrix maps of the real component of the "orientational™ matrix element.
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