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THE CONDITIONS OF THE FULL ABSORPTION OF THE ELECTROMAGNETIC
RADIATION OF THE TWO-LAYERED SYSTEM DIELECTRIC-METAL AT THE PRESENCE
OF THE RESISTANCE TRANSFORMER

ML.A. SADIKHOV, S.T. AZIZOV
Institute of Physics, Azerbaijan National Academy of Sciences
Baku, Az-1143, H. Javid ave., 33

Equations describing conditions of preferential non-reflecting (full) absorption of electromagnetic radiation into dielectric-metal system
with covered arbitrary number of quarter-wave none-absorbing layers on it has been obtained. The Influence of such multilayer resistance

transformer on band of preferential absorption of radiation is shown.

In the refs [1,2] the existence of the non-reflecting (full)
absorption of the electromagnetic radiation in the plane two-
layered system polar dielectric-metal had been theoretically
predicted and experimentally proved. This effect appears in
the dispersion region of the material of the dielectric covering
at the discrete values of incident radiation wavelength A,
thickness /, of the reflecting layer of the covering. The
obtained spectrum A, and /) has a resonance character, it is
individual for the covering substance and defined by its static
and dynamical properties. The spectral values A, and /,
correspond to the appearing once so-called zero minimums of
the dependence of the module of wave reflection coefficient
p on the thickness [ of composition layer. Moreover, the
obtained values [, are close, but don’t equal to the values,
which are multiple once to the quarter - wave length A, in the
dielectric covering. The specified theoretical and practical
interest is the investigation of this phenomenon at the
presence of the additional plane quarter-wave layers from the
non-reflecting materials, which situate upper than the
absorption dielectric of the two-layered system dielectric-
metal [1,2]. The presence of such additional layers can
influence on the selective absorption band of wave in the
same way, as it is in the tasks of the optic’s antireflection.

Let’s consider the general task of the reflection of the
plane-reflected wave, falling normally on the plane multi-
layered system, which can be presented in the capacity of the
two-layered absorption system dielectric-metal, connected
with the air part of the radiation space with the help of
resistance transformer, which in the general case presents by
itself the m successively covered quarter-wave layers from
the non-reflecting dielectrics. The transformation ratio of
such layered resistance transformer is equal to
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the empty directing system and direction one, filled by the
absorbing dielectric, accordingly.

is the wavelength in

where Z;, Z,, ... Z, are wave resistances of the direction
system, filled by the materials of m successively applied
layers of resistance transformer, accordingly.

The complex value of the wave reflection coefficient of
the system, absorbing the dielectric-metal, taking into
consideration the resistance transformer, is equal to

_ Zkth 1 - Z,
Zkth 1 + Z, @
. 2r
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propagation constant and the wave resistance of the directing
system, filled by the material of the main absorbing layer;
&g -ig’’; &, & -are values of the dielectric constant and
dielectric loss of the material of the absorbing layer,
accordingly; / is the thickness of the layer of the absorbing
dielectric, p= (A/A ., )2; A-is the wavelength; A, is the critical
wavelength, defined by the measures of the directing system.
The values & and &' of the absorbing coefficient,
including in the equation (2), connect with its wave refraction
coefficient n and factor of dielectric loss with the known
ratios
d=n’(157); d'=2ny (3)
For the convenience of the later considering, let’s
introduce the mention of the given values of wave refraction

coefficients A and factor of the dielectric loss ;6 , which

are differ from n and y in the case of the usage of the
direction system, when value p differs from 0.

From the expressions for /£, taking into consideration (3),
it follows, that
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Applying such output process that was in the ref [4] we
obtain the following equations, defining the conditions of the
full non-reflecting wave absorption in the considered multi-
layered system.
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where N is the number of the zero minimum of dependence
ofpon/.

The equations (5) establish the connection between values
n, y, N, at which in the considered multi-layered system the
full non-reflecting wave absorption appears. At p=0 and k=1,
they are equal by form with the analogical equations,
obtained at the consideration of the conditions of the non-
reflecting wave absorption in the two-layered system
dielectric-metal in the free space.

The equation (5) doesn’t take into consideration the
change character with the frequencies ¢’, ¢’ of dielectric
material, which is the absorbing layer of the considered
multi-layered system. For the concretization of the appearing
conditions of the non-reflecting wave absorption for the real
polar compositions, let’s take into consideration, that their
dielectric properties in the region of wave dispersion are well
enough described by Debye equation
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where &), €, are extra dispersion statistic and high-frequency
dielectric constants of composition; @ is circular frequency; ¢
is the relaxation time[3].

The combine solution of the equations(5) allows to find
the functional connection between &, £,and 7 of material of
the covering absorbing layer, wavelength A, thickness /, of
the covering absorption layer, transformation coefficient &, at
which the non-reflecting wave-absorption in the multi-
layered system will take place. For the finding of this
connection the iterating process of the solution of the initial
equations has been applied.

The results of the carried out calculations for the case of
the first five zero minimums of function p(/) are given on the
figure 1 in the generalized coordinate planes
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consideration, that &, of the more polar compositions within
2-3 units, was equal to 2 at the carrying out of the given
calculations. The obtained dependences & on lgwr at
different N of the zero minimum of the function p(/), and
their vertexes achieve to the value wr=1, according to the
center of the dielectric dispersion region. The value [y/Ap

increases with the increase of g w7 and stabilizes at wr>1.
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Fig.1.The dependence &,¢., and relaxational 7, @ characteristics
of the selective wave absorption for the different numbers
N of zero minimum of function p( /).

As it follows from the fig.1, at the given N, &), &, and 7
can be two couples of values Ao and /,, at which the
conditions of non-reflecting wave absorption in the system
dielectric-metal is carried out. The analysis of behaviour of
functions &), lo/Ay on lgwr shows, that in the dispersion
region of composition should be the spectrum of wavelength
and the spectrum of the thickness of reflecting composition
layer, corresponding to it. The character of these spectrums is
strongly individual for every composition and is defined by
its statistic and dynamic dielectric properties. The spectrums
consist on two branches: low-frequency and high-frequency,
differing by only change character of values of spectral
wavelengths with the increase of the thickness of covering
composition layer, corresponding to it. For the low-frequency
spectrum arm the increase of A, with he increase of N
accompanies by the increase of /y. It is characterized, that
dielectrics with small values & may have the degeneration of
absorption spectrums because of the disappearance of their
spectral lines, corresponding to first zero minimums of the
function o /).
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TORKIBIND® MUGAVIMST TRANSFORMATORU JERLSSON DiELEKTRiK-M_ETAL IKILAYLi SISTEMIND®
ELEKTROMAGNIT SUALANMASININ SORTL®ORI

iki layl dielektrik-metal sisteminin (izerine ddrtdebir dalga layi olan oks etdirmeyen laylar ¢akilmis oks etdirmeysn (tam)
udulmasinin gartlerinin tanlikleri alinib. Bu ¢ox layli miigavimat transformatorun segilmis udulma zolagina te'siri qosterilib.
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YCJIOBUSA ITOJTHOT'O MOTJIOIEHUS JIEKTPOMATHUTHOI'O U3JIYYEHMS IBYXCJOMHOM
CUCTEMBbI JUEJEKTPUK-METAJII TP HAJIMYUU TPAHC®OPMATOPA COITPOTUBJIEHUS

Ilomydens! ypaBHEHHMS, ONHCBHIBAIONINE YCIOBHS H30MPATENbHOTO O€30Tpa’kaTeNIbHOTO (IOJHOTO) IMOTJIOMICHUS 3IEKTPOMArHHUTHOTO
MU3Iy4EHUs B CHCTEME AUDIIEKTPUK - METAJUI C HAHECEHHBIM HAa HETO IPOM3BOJIBHBIM YUCIOM YETBEPTHBOJIHOBBIX HEIOITIOIIAIOIIUX CIIOEB.
INokazaHo BIMSHUE TAKOTO MHOTOCIIOIHOTO TpaHc(hOpMaTopa CONMPOTUBICHUS Ha IOJIOCY H30HPATEIHHOTO MOTJIOMCHNUS H3ITyYSHUS.
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