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POLYGRAPHIC LASER TOMOGRAPHY SYSTEM 

AND ALGORITHMS FOR COMPUTER 

DIGITAL RECONSTRUCTION 

OF THE BULK STRUCTURE 

OF POLYMERIC MATERIALS

A method of 3D Mueller-matrix reproduction of the distri-

butions of the parameters of linear and circular birefringence

and dichroism of partially depolarizing methyl acrylate layers 

is proposed and substantiated. The dynamics of the change 

in the value of the statistical moments of the 1st–4th orders

characterizing the distributions of the optical anisotropy pa-

rameters of the polycrystalline structure of the partially de-

polarizing methyl acrylate layer in various ‘phase’ sections 

of its volume is investigated and analyzed.

Keywords: laser reconstruction; optical anisotropy; 
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Introduction

Traditionally, the methods and
tools of Mueller-matrix polarime-
try (MMP) have been developed
within the framework of two limit-
ing approximations. The first is the
search for relationships between
angular (1D Indicatrix) and coordi-
nate (2D Mueller-matrix images —
MMI) distributions of the Mueller
matrix elements and the structure
of polymer layers [1–7]. The sec-
ond is the MMP of optically thin,
non-depolarizing polymer films
[6–10] with subsequent reproduc-

tion of the distributions of the pa-
rameters of phase and amplitude
anisotropy. 

The further development and ge-
neralization of the MMP techniques
of the 3D polycrystalline structure
of methyl acrylate layers with dif-
ferent light scattering multiplicity
or different depolarizing ability is
urgent. 

Our article is aimed at the deve-
lopment and experimental testing
of the 3D Mueller-matrix method
for reproducing the distributions
of the phase and amplitude aniso-



tropy parameters of partially de-
polarizing methyl acrylate layers
of various optical thicknesses.

Method

Dependence of matrix polarime-
try is analytically illustrated by the
equation [1–6]

(1)

where — Mueller matrix of 

the object in the plane z, —

differential matrix operator.
For optically thin layers, which

do not depolarize, but transform the
polarization of the probing beam, 

the matrix operator сonsists

of six parameters, that completely
describe phase and amplitude
anisotropy of the biological layer 

(2)

Here
— Δ0,90, Δ45,135 — linear di-

chroism;
— Φ0,90, Φ45,135 — linear bire-

fringence for orthogonal compo-
nents 0°–90° and 45°–135°;

— Δ⊗,⊕ and Φ⊗,⊕ — circular
dichroism and birefringence for
right- (⊗) and left- (⊕) circularly
polarized components. 

Parameters of phase and amp-
litude anisotropy determined by the
following relations:

(3)

(4)

(5)

(6)

(7)

(8)

Here nj and τj — refractive
indices and absorption for orthog-
onal polarized components (0°–90°,
45°–135° and ⊗–⊕) amplitudes of
laser irradiation.

In the future (without reducing
the completeness of the analysis)
according to [7] we consider the
generalized parameters of linear bi-
refringence (Φ) and dichroism (Δ)

(9)

(10)

On a series of fragments in fig. 1
shows a schematic arrangement
of the main optical units of a polar-
ization interferometer, which imp-
lements layer-by-layer three-dimen-
sional reconstruction of the para-
meters of the polycrystalline archi-
tectonics of polymer layers.

The illuminating beam of the gas
He-Ne laser 1with the help of a system
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of microobjectives 2 is converted
into a parallel optical probe, which
is divided by an optical cube 4 into
illuminating and reference.

‘The irradiating one’ with the help
of a rotating mirror 4 is directed
through the polarizing filter 6–8
in the direction of the sample of the
biological layer 9. The polarization-
inhomogeneous image of the object
9 is projected by the lens 10 into
the plane of the digital camera 14.
‘The reference’ beam is directed
by the mirror 5 through the polar-
ization filter 11–13 into the plane
of the polarization-inhomogeneous

image of the object 9. As a result,
an interference pattern is formed,
which is recorded by a digital came-
ra 14. The formation of polarization
states of the ‘irradiating’ and ‘ref-
erence’ beams is carried out using
polarizing filters 6–8 and 11–13,
each of which contains two linear
polarizers and a quarter-wave plate.

Results

Layered maps of phase and am-
plitude anisotropy parameters of
methyl acrylate layers.

A series of fragments in fig. 2–5
shows the polarization-reproduced
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Fig. 1. Optical layout of a polarization Muller-matrix interferometer

Fig. 2. Layer-by-layer 2D distributions of the linear birefringence (LB) 
of the partially depolarizing (τ = 1,02) methyl acrylate layer



2D distributions of the linear and
circular birefringence and dichro-
ism of an optically anisotropic fib-
rillar network of an optically thick
layer (attenuation coefficient τ= 1,02,
degree of depolarization Λ = 57 %)
of methyl acrylate in three ‘phase’
sections — φ1 = 0,6; φ2 = 0,9; φ3 = 1,2.

Discusion

From the analysis of the data
shown in fig. 2–5 series of experi-
mentally reproduced layer-by-
layer distributions of the linear and
circular birefringence (LB, CB)
and dichroism (LD, CD) of the po-
lycrystalline structure of methyl
acrylate layers follows the presence
individual structure of its parame-
ters for each type of optical 3D ani-
sotropy.

Comparison of the coordinate
distributions of linear birefringence
LB and dichroism LD revealed their

dependences both on the ‘phase’
cross section h and on the type of
optical anisotropy.

From a physical point of view,
this fact can be associated with the
peculiarities of the polycrystalline
structure of the methyl acrylate la-

yers. For small values of ( ), 

single scattering prevails in the vo-
lume of methyl acrylate. Therefore,
within the framework of the corre-
sponding partial phase cross sec-
tions of 3D distributions LB(φ, x, y)
and LD(φ, x, y), there is a direct re-
lationship between the polycrys-
talline structure of methyl acrylate
layers and the value of linear bire-
fringence. An increase in the level
φ corresponds to a large multiplic-
ity of light scattering, which leads
to averaging of the parameters of
linear birefringence and dichroism.
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Fig. 3. Layer-by-layer 2D distributions of the linear dichroism (LD) 
of the partially depolarizing (τ = 1,02) methyl acrylate layer

Fig. 4. Layer-by-layer 2D distributions of the circular birefringence (CB) 
of the partially depolarizing (τ = 1,02) methyl acrylate layer



A different picture takes place
in the case of 3D polarization re-
production of volumetric distribu-
tions of the magnitude of circular
birefringence CB(φ, x, y) and dich-
roism CD(φ, x, y). Layer-by-layer
maps of these parameters of pha-
se and amplitude anisotropy.

Conclusions

A method of 3D Muller-matrix
reproduction of the distributions
of the parameters of linear and cir-
cular birefringence and dichroism

of partially depolarizing methyl ac-
rylate layers is proposed and sub-
stantiated.

The dynamics of the change
in the value of the statistical mo-
ments of the 1st–4th orders, char-
acterizing the distributions of the
optical anisotropy parameters of the
polycrystalline structure of the par-
tially depolarizing layer (τ = 1,02;
Λ = 57 %) methyl acrylate in vari-
ous ‘phase’ sections of its volume,
has been investigated and analyzed.
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Fig. 5. Layer-by-layer 2D distributions of the circular dichroism (CD) 
of the partially depolarizing (τ = 1,02) methyl acrylate layer
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В науковій статті представлено матеріали, які висвітлюють

новий експериментальний метод поляризаційної томогра-

фії полікристалічної структури полімерних фазово-неод-

норідних шарів. Метод заснований на формалізмі вектор-

но-параметричного опису лазерних полів за допомогою

параметрів вектора Стокса. 

Ключові слова: лазерна реконструкція; оптична анізотропія;

полімери; акрилат; діагностика.
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