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The work belongs to the field of electrodynamics and electromagnetic compatibility. The con-
version of microwave radiation passing through a non-ideal dielectric and its concentration in the di-
electric region is analyzed. The results of the study of the mechanism of modulated microwave ra-
diation when exposed to a spherical non-ideal dielectric are presented. The mathematical apparatus
on the basis of which modeling was carried out is given. The study was carried out by means of
computer simulation in CAD CST Studio Suite that combines a rich set of tools for low and high
frequency modelling and solution of problems of electrodynamics. The effect of microwave radia-
tion focusing when exposed to a spherical non-ideal dielectric of the modulation type and depth is
studied. The results of the influence of frequency-amplitude-pulse-modulated microwave signals on
a spherical non-ideal dielectric were obtained. It is shown that the radiation is linearly frequency-
modulated signal, there is a concentration of radiation to a small area of the dielectric, put forward
the theory on the ability to control the location of concentration of the radiation by changing its pa-
rameters. The paper presents the parameters of the spherical non-ideal dielectric, such as dielectric
permittivity, conductivity, loss tangent, etc. are the parameters of the modulated microwave signals.
The practical significance of the obtained results is explained.

Keywords: CST, modulated signals, non-ideal dielectric model, FDTD method, radiation
focusing.

Introduction

This article analyzes the dependence of the concentration of microwave radiation in a spherical non-
ideal dielectric (the theoretical model of the brain) on the form of modulation of the radio frequency sig-
nal in order to detect the localization of the electromagnetic field in the sections of the spherical model.
The paper proposes the implementation and construction of a mathematical model of the brain, as well
as a dipole antenna. Also, possibility of application of results in such areas as radiolocation, medicine
(treatment of neurodegenerative diseases) is justified.

In 1956, it was observed that people who happened to be in the radar area felt auditory hallucina-
tions, even if the ears were protected by noise suppressors. The subjects were alternately placed behind
a screen with a quarter-wavelength hole 1.5 to 2.0 m from the antenna horn. The 500 KW transmitter
operated at 1.3 GHz, a pulse duration of 2 ps and a repetition rate of 600 Hz (the power is given for
the radio impulse). The poll showed that the sounds are felt on the harmonics, and the fundamental fre-
quency is absent. The results of systematic observations and first studies were published in 1961 by
Alan Frey [1], and the microwave auditory phenomenon was called Frey's radio-sound effect.

In earlier works and later publications devoted to the study of the effect of radio sound there is, as
a rule, the focus on the physiological track preparation of this phenomenon is associated with the peculi-
arities of either the auditory system or direct the influence of modulated microwave electromagnetic
field on brain structures [2].

In modern publications mechanisms of interaction of the modulated high-frequency signal with
weakly absorbing substance for the purpose of detection of electroacoustic effect are Considered and
analyzed [3, 4].

In this paper, we tried to simulate this effect, where a spherical non-ideal dielectric is used as
the head model. We also analyzed the propagation of electromagnetic waves.
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The FDTD method for electrodynamic calculations of impact electromagnetic field

on model of head

In this paper, a numerical study of the interaction of electromagnetic radiation and the user's head
was conducted using the CST Microwave Studio (CST MS) program. This program is based on
the FDTD method and allows finding all required field characteristics in the near and far zones. Since in
this simulation environment there is an opportunity to produce the necessary electrodynamic calcula-
tions using the finite difference method in the time domain.

By selecting different types of modulation and its parameters, it is possible to provide the radiation
concentration in the necessary region of the dielectric. A dipole antenna was used in the simulation. It is
worth noting that with deviation of the frequency of the chirp signal of less than 10%, the horn antenna
can be replaced with a vibratory antenna, as was done in the study to increase the calculation speed.
As a model of a non-ideal dielectric, a spherical model of the brain (the average size) was chosen for
research [5, 6]. This is a simplified model, consisting of skin and bone layers and the brain itself. This
model makes it possible to visually examine the mechanism of the action of the emitted microwave signal.

The following formulas necessary for our calculations are derived from Maxwell's basic equations
discovered and proved by him at the beginning of the nineteenth century [7].

The final equations of the electromagnetic field for a spherical non-ideal dielectric (1), (2), obtained
from Maxwell's equations, it looks like this:

—o+—

At At 1
H"([JK)(””)—H”(IJK)”e[ Hj+ 1—e[ “] —(—H"(IJK)[’HZJ—“_“O H"(IJK){MZJ—
x L] T Ex U X s s * x s s
(e}

E;(I,J,K+1)[n+;]J_ (E;S(I,J,K)(n+ j))

1] 5 [nJrE]
") ES(U,J,K) .
(0" (Y (J +1) = Yy(J)) 6 (Zy(K +1)~Zy(K))

—(Ef([,J+1,K)( 2

(1

At At
E°(1,J,K)"™) = E°(1,J K)(’HZJe(CH“] ; 1—e[m“j _ES(1,J,K) S50 po 1,0 k) +
X LR - Hx LR X sv % X s
(e}

G n 0 1\
{—IZ I,J-1,K) C(HO(ILJKY - *Hy(I,J,K 1) , 2
c (¥Y(J)-Y( -1 (0 (Z(K)-Z(K -1))
where H — the vector of the magnetic field strength; £ — the electric field strength vector; /, J, K, x, y —
are the spatial coordinates; €, 1 — dielectric and magnetic permeability of the medium.

In the theoretical aspect, we have a circular waveguide, in which, during the passage of a mono-
chromatic signal, the E;; wave concentration occurs according to Fig. 1 [8].
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Fig. 1. Distribution of the wave E; in a circular waveguide

By choosing different modulation types and parameters, it is possible to provide concentration of
the radiation in the desired region of the dielectric. Dipole antenna was used for modeling. It is worth
noting that when the frequency deviation of the LFM signal less than 10% horn antenna can be replaced
by a vibrator, as was done in the study to increase the calculation speed.

As a model of non-ideal dielectric, a spherical model of the brain (average size) was chosen for
the research. This is a simplified model consisting of the skin and bone layers and the brain itself. This
model allows you to visually examine the mechanism of action of the emitted microwave signal.
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We present the simulation results when radiation is a monochromatic signal, shown in Fig. 2, 3 and
LFM signal, in the Fig. 4, 5.
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Fig. 2. Field strength in the vertical plane when a monochromatic signal is emitted

In the course of the simulation, we obtained that when the unmodulated signal is emitted, the con-
centration of the electromagnetic field in the dielectric resembles the concentration of the £;; wave in
a circular waveguide [8].
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Fig. 4. Field strength in the vertical plane during the emission of the LFM signal
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Fig. 5. Field strength in the horizontal plane during the emission of the LFM signal

The human head as a biological body has a rather complex structure and consists of several types of
biological tissue with losses, in which the power is absorbed unevenly because of the difference in
the conductivity of each layer. Therefore, an accurate construction of the head model is an important
condition for the accuracy of the calculation of the internal field [9]. The averaged values of the main
parameters of the frequently used three-layer model of the human head are presented in Table 1.

Table 1
The parameters of the three-layer model of the human head
) Relative dielectric | Conductivity The density Thermal
Thickness, . .
Substance mm permittivity, of the layer, of layers, conductivity,

GHz Sm/m kg/m’ W/K/m
Brain fill 53 1.1 1030 0.3
Bone 3 9 0.06 1800 0.01
Skin 1 59 1.3 1100 0.5

Conclusion

The following conclusions can be drawn from the results obtained. The LFM signal is focused pri-
marily at the center of the dielectric, in the horizontal plane there are side regions of radiation concentra-
tion in the form of circles, the distance between which depends on the frequency of deviation.

It must also be taken into account that the voltage of the source operating at the antenna input varies
with time. Therefore, for each time step, it is necessary to calculate the values of the electric and mag-
netic fields at all points of the analyzed space, in accordance with the time domain method (FDTD
method).

The use of the FDTD method is particularly advantageous in the study of non-stationary processes —
for example, the electromagnetic field of antennas when excited by short pulses or modulated signals.

This study will help in predicting the treatment of such diseases in which it is necessary to affect
specific areas of the brain. In radar, when studying the wobbling of a modulated signal on a spherical
object.

Further research will consist in the complication of the model, the use of a horn antenna and
a phased array, the use of a supercomputer.
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WCCNEOQOBAHUE MEXAHU3MA BO3[ENCTBUA
MOAYIIMPOBAHHOIO CBY-CUITHATA
HA COEPUYECKUN HEUAEATbHbIA OUANEKTPUK

A.O. lNonoeerko, A.A. KonbipkuH, B.. Tam6oeuee
FOxHO-Yparnbckul 2ocyGapcmeeHHbIU yHusepcumem, 2. YensibuHck, Poccus

Pabora oTHOCHTCA K 007aCTH ANIEKTPOAWHAMHUKH U AJIEKTPOMArHUTHOM COBMECTUMOCTH. AHa-
TH3UPYETCS MPeoOpa30BaHNE MHUKPOBOIHOBOTO M3JIYUCHUS MPH MPOXOXKICHUN Yepe3 HeHIealbHBIN
JIUBJICKTPUK M €r0 KOHIICHTPANHUs B 00JacTH qU3IeKTpuKa. [IpencTaBieHbl pe3yabTaThl HCCIeI0BA-
HUSL MeXaHn3Ma MoxyiaupoBanHoro CBU-u3nmydeHus mpu ero BO3ACHCTBHU Ha chepUdecKu Heunae-
anbpHBIN nudnekTpuk. [IpuBeseH MaTeMaTHUYEeCKU arnapaT, Ha OCHOBE KOTOPOTO MPOBOAMIOCH MO-
nenupoBaHue. MccnenoBaHusi MPOU3BOAMINCH MOCPEICTBOM KOMIIBIOTEPHOIO MOJEIUPOBAHUSA B
CAIIP CST Studio Suite, koTOpbIil 00beaUHAET B ceOe MHUPOKUNA HAOOP HHCTPYMEHTOB UIS HU3KO-
YaCTOTHOTO U BBICOKOYACTOTHOTO MOJENMPOBAHHS U PELICHUS 3a4ad 3JIeKTpoJuHaMuku. Mccneny-
ercst 3¢ pexr pokycupoBkun CBU-uzmydeHuns npu Bo3AeHCTBUN Ha ceprUuecKUil HEUeaabHbIH 11-
AJIEKTPUK OT BHJA U TIIyOMHBI MOIYJIALMH. BBUIHM MOTydeHBI pe3yiabTaThl BO3AEHCTBHS YaCTOTHO-
AMIUTUTYAHO-UMITYJIbCHO-MOAyIupoBaHHbiX CBU-curHanoB Ha cdepudyeckuil HewacalbHBIA IU-
anekTpuk. [lokazaHo, YTO NpHU U3MYyYEHUH JUHEHHO-4aCTOTHO-MOIYJIMPOBAHHOIO CHUTHAla MpPOHUC-
XOJHUT KOHICHTPALUS U3TYICHUST HEOONBIION 00IACTH TUAICKTPHKA, BEIIBUHYTA TCOPUS O BO3MOXK-
HOCTH YHPABJICHUS MECTOPACIIOJIOKEHHEM KOHIIEHTPAIlMH JAaHHOTO M3Iy4eHHsS IyTeM H3MEHEHHS
ero mapameTpoB. B paboTe nmpuBOAATCS mapaMeTphbl CPepHUIECKOro HEUACaTbHOTO AUAICKTPHKA, Ta-
KHE KaK JUAJIEKTpUYecKas MPOHUIAEMOCTh, IPOBOAMMOCTh, TAHTEHC yria MOTepb W T. . Taxxke
MPUBOJATCS TapameTpsl MoaynupoBaHHbIX CBY-curaanoB. OObACHSAETCS NpakTHYECKas 3HAYH-
MOCTb IOJIYYE€HHBIX PE3YJIbTAaTOB.

Knioueswie cnosa: CST, modynuposanuvie CucHAIbl, HEUOEANbHbIN OUILEKIMPUK MOOeTb, MENMOO
FDTD, ¢oxycuposxa usznyyenus.
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