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On the basis of an exactly solvable model of 1D-Helmholtz equation it is considered reflectionless propagation
of transverse electromagnetic wave of circular polarization through a chiral inhomogeneous isotropic plasma with
small-scale structures of high amplitude. Considered spatial profiles of plasma-dielectric chiral environment charac-
terized by a number of free parameters that determine the characteristic scales of these structures, the spatial profile
of the wave vector and wave field, the modulation of the dielectric permettivity etc. The model parameters are corre-
sponding plasma without a magnetic field but with a small addition of chiral component (circular polarization of
wave is provided by chirality). Numerical calculations of the spatial profiles for the wave number, the wave ampli-
tude, the dielectric permettivity of chiral plasma have been performed. For some choice of the model parameters the
wave number profile corresponds to the increase of the wave amplitude in the center of plasma layer. Variants are
possible when the dielectric permettivity in its minimum is negative one and the chiral plasma contains sufficiently

broad areas of opacity. Profiles of the dielectric permettivity and the wave vector can be qualitatively similar.

PACS: PACS: 52.35.Mw

INTRODUCTION

Study of exactly solvable models of the electro-
magnetic waves interaction with inhomogeneous and
nonstationary environments is of interest for many
applications, for example, to increase the effectiveness
of antireflection coatings and absorption one in the
radioranfe  frequencies, radio-fairing design for
antennas, to explain the mechanism of radiation escape
from sources in astrophysics and in the search for the
optimal distribution of dielectric permettivity which
may privide the effective transfer of electromagnetic
signals through layers of dense plasma (the trans-
illumination of wave barriers).

In essence, it is the effect of resonant tunneling of
electromagnetic waves through a structured environ-
ment which may includes layers of plasma opacity. In
other words, in this case there is a coordination
characteristics of the electromagnetic wave and the
inhomogeneous plasma layer.

We present the results of research on the exact linear
solution describing the reflectionless transmission of
electromagnetic waves through a chiral isotropic plasma
with small-scale structures of high amplitude. The
analysis of the spatial profiles of the wave number, the
normalized amplitude of the wave and the dielectric
permettivity of the plasma, depending on the initial
parameters of an exactly solvable model.

THE MODEL BASIC EQUATIONS AND
NUMERICAL CALCULATION RESULTS

To facilitate further analysis, we introduce now the
dimensionless coordinate along the direction of
electromagnetic wave propagation & = ® x/c, the wave
vector p(§) = ¢ k(x) / ® and the normalized amplitude of
the electric field of the wave W(&) = 1/[p(&)]"%. The
solution for the wave field having a frequency ® is
sought as

E(x,t) = F(x) exp(i o t),
F(x) = A exp [i W(E)] [1/p(&)]" d¥/ d& = p(&).
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According to the Helmholtz equation in an exactly
solvable model should be the following relation
between the wave vector and the dielectric permettivity
of plasma

6(8) = [P - [P & {[1/p(e)]'?}/ d&.

In our exactly solvable model of the wave vector is
defined by p(§) = a/[A + B sin(2 B &)], where a, B,
B = (A’ - 1)"*, A > 1 are parameters of the problem.
Then, from the Helmholtz equation, we obtain an
expression for the dielectric permettivity of the plasma:

§(8) = B+ (o - B)[A + B'sin(2 B &)

Here we consider the choices of initial parameters of
the problem where g(&) <1 corresponding to a plasma
without a external magnetic field but with a small
addition of chiral (the circular polarization of
electromagnetic waves provide by the chirality).

For the case o < § we have
min e(&) = B> + (o - BA)-(A + BY,
max (&) = p* + (o’ - B?)/(A + B)”.

Consequently, the condition max g(§)< 1 with B <1
automatically for all A > 1. If > 1, then there is a
restriction on the following type of the parameter
AA+B?<B-ad)(B-1).

If o > 3 we have

min £() = B> + (o - B)-(A - B)?,
max e(&) = B + (o - B°)(A + BY.

This shows that the max &(&) < 1 if the following
conditions on the parameters are fulfilled

(A+B)<(1-B)(a’-p’), B <a’< 1.

The graphs W(E), p(§), €(&) for case a < B if
condition (A + B)? < (B* - ad)/(B? - 1) is fulfilled are
shown in Fig.1 in the case of problem incoming
parameters choice o = 0.7, f = 0.9, A = 3. As we can see
the dielectric permettivity of the plasma is less than one,
there are also areas of plasma opacity (the classical pouint
of view) where g(§) <0. A fairly deep modulation wave
vector p(§) and the normalized amplitude of the wave
W(E). There are narrow splashes of p(§), €(§) in some
subslayers of inhomogeneous plasma.
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Fig. 1. The graphs of W(&), p(é)(a). The graph & (&)(b)
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Fig. 2. The graphs of W(&), p(&)(a). The graph (&) (b)

The graphs of W(§), p(§), (&) for the case o > B if
the condition (A + B)? < (1 - B)/(a* - P, P <o’ < 1is
fulfilled are shown in Fig.2 in the case of problem
parameters choice o = 0.7, B = 0.5, A = 1.1. According
to Fig. 2, the opacity regions of the inhomogeneous
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plasma are absent, the modulation of the wave vector is
of the order of 69%. The minimum and maximum
values of the dielectric permettivity of the plasma are
equal to min g(&) = 0.3489, max &(&) = 0.8327.

Similar results are obtained for other choices of the
problem incoming parameters.

CONCLUSIONS

The results of the analysis performed can be
summarized as the following.

On the basis of an exactly solvable linear model it is
investigated the reflectionless transmission of electro-
magnetic waves through a heterogeneous chiral plasma
containing subwavelength structures of large amplitude.
The model contains three free parameters which may be
changing. So it results to significantly change of the
profile of dielectric permettivity of the plasma. It can
contain layers of opacity.

Plasma layer width can vary considerably (tens,
hundreds, or more times). Nevertheless the reflec-
tionless transmission of electromagnetic waves remains.

Conditions on the problem parameters under which
an exactly solvable model describes the chiral plasma in
an external magnetic field are obtained.

In our model there is a local ratio of the wave vector
and the dielectric permettivity of the plasma. Qualitative
profile of the dielectric permettivity (&) is similar to the
profile of the wave vector p(§).

The described method of analysis of electromagnetic
waves reflectionless propagation through inhomoge-
neous chiral plasma is of greate interest, in particular,
for the task of coordinating the plasma characteristics
and the incident electromagnetic wave in a vacuum,
which can dramatically improve the efficiency of
tunneling of electromagnetic radiation in the layers of
plasma resonances with aim of their heating. In
addition, it is important also for the transmission of
electromagnetic signals from the ground to the
ionosphere, for the diagnosis of inhomogeneous plasma,
for the correct interpretation of experimental data on the
emission spectra of astrophysical objects and the Sun
also.

Note that the resonant tunneling of electromagnetic
waves through inhomogeneous plasma layers can be
studied by taking into account cubic nonlinearity due to
the ponderomotive force of electromagnetic radiation
pressure. This question will be considered in future
work.
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BE3OTPAJKATEJIBHOE PACITIPOCTPAHEHHUE 3JIEKTPOMATI'HUTHBIX BOJIH
B HEOJHOPOJHOMU XHUPAJIBHOU IIJIABME C MEJIKOMACIITABHBIMU CTPYKTYPAMHU

M.B. Ilogepennwtit, H.C. Epoxun

Ha ocHOBe TOYHO perraemMoil MOAenr OAHOMEPHOTO ypaBHEHHS | enbMronblia paccCMOTPEHO 0€30TpaXKaTeTbHOE
pacnpocTpaHEeHHE TTOTEPEIHON 3JIEKTPOMArHUTHON BOJIHBI LIUPKYJISIPHON MOJSIPU3ALUY Yepe3 XHUPATbHYI0 HEOIHO-
POAHYIO M30TPOIHYIO IUIa3My C MEJIKOMAcIITaOHBIMH CTPYKTYPaMH BBICOKOM aMIUIMTYAbl. PaccMOTpeHHbIE Ipo-
CTPaHCTBEHHbIE TPOMUIIN TIA3MOMAIEKTPHUECKOTO XUPATBHOTO OKPYKEHHUS XapaKTEPU3YIOTCs OOJIBILIUM YUCIOM
CBOOO/IHBIX NAPAMETPOB, YTO OIPEACIISAIOT XapaKTEePHbIE MacIITa0bl ATUX CTPYKTYP, MNPOCTPAHCTBEHHOTO MPOQMIISL
BOJIHOBOT'O BEKTOpa U MO BOJIHBI, MOIYJISILUN JUAIEKTPUUIECKON MPOHUIIAEMOCTH U T. I1. MoJIeNIbHbIE ITapaMeTphl
COOTBETCTBYIOT IlIa3Me Oe3 MarHUTHOTO I0JIsl, HO ¢ Majoil J0OaBKOW XMUpPAIbHONH KOMITOHEHTHI (LIMPKYJISIpHAst MO-
JsIpU3anus BOJHBI oOecrieyeHa XHPaJbHOCTBIO). BEITOIHEHB! YNCIICHHBIE PacdeThl IPOCTPAHCTBEHHBIX Mpoduieit
BOJIHOBOT'O BEKTOPA, aMILTUTYABI BOJIHBI U JUAIEKTPUUECKON MPOHUIIAEMOCTH XUPANbHOM M1a3Mbl. /11 HEKOTOpOro
BBIOOpA MOJENBHBIX MapaMeTpoB NPO(MIb BOIHOBOTO YHCJIA COOTBETCTBYET YBEIWYEHWIO aMIUIMTYIBI BOJHBI B
LEHTPE TUIA3MEHHOTO CJI0s. BO3MOXKHBI BapHuaHThI, KOT/IAa JUAJIEKTPUYECcKas MPOHULIAEMOCTh B €€ MUHUMYME OTpH-
HaTesbHa M XUpajbHAS IIa3Ma COAEPXKUT JOCTATOYHO LIMPOKHE obsiacTé HempospadHocTu. [Ipodumm nusnexrpu-
YECKOM MPOHUIIAEMOCTH 1 BOTHOBOTO BEKTOPA MOT'YT ObITh KAUECTBEHHO MOJOOHBIMH.

BE3BIJIBUTKOBE IOIUPEHHS EJIEKTPOMATHITHUX XBWJIb Y HEQJJTHOPITHII
XWUPAJILHIN TJIA3MI 3 MIJIKOMACIITABHUMHA CTPYKTYPAMMA

M.B. Ilogepennuii, M.C. Epoxin

Po3risiHyTO Ha OCHOBI TOYHO PO3B’sI3yBaHOI MOJEJNi OJHOBHMIPHOIO PiBHSHHS [ enbmronbls 0e3BinOMTKOBE
MOMIMPEHHS MOTIEPEYHOI eJIEKTPOMArHITHOT XBIIII IMPKYJISIPHOI MoJIsipu3anii yepe3 XupanbHy HEOAHOPiIHY 130Tpo-
IHY IUTa3My 3 MUIKOMAcIITaOHMMH CTPYKTYpaMH BHCOKOI aMILTITYJu. Po3risiHyTi mpocTopoBi mpodiii riamMoBo-
JEeJIEKTPUYHOT0 OTOYEHHS XapaKTepH3YIOThCsl BEJIMKOIO KUJIBKICTIO BUIBHUX MapaMeTpiB, 10 BH3HAYAE XapaKTEpHI
MacmTabu MUX CTPYKTYP, MPOCTOPOBOTO MPOQiIF0 XBUIHLOBOTO BEKTOpPA Ta MO XBHWIII, MOAYIIALIT TieTeKTPUIHOL
MIPOHUKHOCTI Ta Take iHme. MoaenbHi MapaMeTpy BiIIOBIAAIOTh I1a3Mi 0e3 MarHiTHOTO IOJIs, ajie 3 MaJIOK JI0/1aT-
KOBOIO XHPAJIbHOIO KOMIIOHEHTOIO (LIUPKYIApHA MOJISpH3aLlis XBHUIl 3a0e3neueHa XUpanbHiCTIO). BukoHaHO 4mncoBi
PO3paxyHKH HPOCTOPOBHUX NPO(]ITIiB XBUIBOBOIO BEKTOPA, aMILTITY I XBHIII Ta JIEIEKTPUYHOI MPOHUKHOCTI XHpa-
abHOT tiazmu. [liist nesikoro BUOOpPY MOZENBHHUX MapamMerpiB Hpodiib XBUILOBOTO YMCIA BiJNOBIIAE 30UIbIICHHIO
aMILTITYIM XBWJII B LEHTPI IJIa3MOBOTO 1apy. MOJKIIMBI BapiaHTH, KOJIM JTieJIEKTPUYHA TIPOHUKHICTH B ii MiHIMyMi
HeraTuBHa i XMpaJibHa I1a3Ma BMIIIlye IOCUTh IUPOKI obacti Herpo3opocrti. [Ipodini nienekTpuyHOT IPOHUKHOCTI
Ta XBUJILOBOT'O BEKTOpPa MOXYTh OYyTH SIKICHO MOJI0HUMHU.
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