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In our paper the task of diffraction of low frequency electromagnetic waves incident from a homogeneous magnetoactive plasma by a
metal circular cylinder surrounded by radially inhomogeneous plasma sheath have been studied. The constant external magnetic field
is parallel to a cylinder axis; the wavevector of incident plane wave is perpendicular to this axis. Plasma is cold and perturbations in
it are governed by two-liquid hydrodynamic equations and Maxwell equations. On the basic of the exact solutions for fields in
plasma sheath with linear profile of inhomogeneity the cross-section are obtained. The angular distribution of cross-sections is
derived for various values of incident wavelength. It is shown that it is possible to control effectively this angular distributing by the
change of wave frequency and strength and direction of the constant external magnetic field.
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PO3CISIHHA EJJEKTPOMATHITHUX XBUJIb HA METAJIEBOMY HUWIIHAPI, OTOYEHOMY IIAPOM
HEOJHOPITHOI MATHITOAKTHUBHOI IJIA3MHA
M.O. A3apenkoB, B.K. I'anaiinny, ¥0.5. Jleaexo
Xapxiscoruil nayionanshuil ynisepcumem im. B.H. Kapaszina, izuxo—mexniunuii ¢paxynromem
61022, nn. Ceoboou 4, Xapxis, Yrpaina

VY Harriif po6oTi po3B’si3aHo 3amady qUdPaKilii HI3bKOYaCTOTHOI eIEKTPOMATHITHOT XBH/II, 1110 MAJA€ 3 OAHOPIAHOI MAarHITOAKTUBHOL
IUIa3MH Ha METaleBUil LWIIHAD, OTOYCHHH pajialIbHO HEOAHOPITHMM miapoM Iuia3Mu. Craje 30BHIIIHE MarHiTHe IIOJE €
MapaJieIbHUM JI0 BicCl IMJIIHIPa, XBUJILOBHUI BEKTOP MaAal040i TIIOCKOT XBUIII - TMEPIEeHAUKYIApHUi 10 1iel Bici. [1na3ma xomnoxaHa, i
30ypeHHs B Hilf ONUCYIOTHCS 3a JOIIOMOTOI0 IBO-PIANHHUX TiAPOANHAMIYHHX PIiBHSAHB Ta PiBHSIHE MakcBena. Ha ocHOBI oTprMaHnX
TOYHUX DIlIeHb IS IOJIB y MeXaxX IUIa3MOBOTO HIapy 3 JIHIHHMM NpodieM HEOJHOPIMHOCTI OTPUMAHO BHpPa3 Ui Iepepizy
po3cistHHSL. J{y1s pi3HUX BEJMYHMH XBHJIBOBOTO BEKTOpA Majal0vq0i XBHIII OTPHIMAHO KyTOBHIT pO3IOALI Iepepizy po3cisHHs. [lokazaHo,
IO 3MIHOIO YaCTOTU XBMJII Ta BEIMIMHOIO Ta HAIPSIMOM CTAJIOTO 30BHIIIHBOTO MAarHiTHOTO IO MOXKHA €()eKTUBHO KepyBaTH UM
KyTOBUM PO3MOIIIOM.

KJIFOYOBI CJIOBA: enektpoMartitHa XBHJISL, Tupakiiis, MarHiToakTHBHA IU1a3Ma, HEOJHOPIMHA IIa3Ma, Mepepi3 pO3CisHHS,
KyTOBHUH PO3MOIi.

PACCESHMUE JIEKTPOMATIHUTHBIX BOJIH HA METAJUIMYECKOM HUWJIMHAPE, OKPY>KEHHOM CJIOEM
HEOJHOPO/HOM MATHUTOAKTUBHOM IJIA3MBbI
H.A. AzapenkoB, B.K. I'anaiinbry, F0.51. Jlenexo
Xapwvkoeckuti nayuonanvruil yHusepcumem um. B.H. Kapazuna, ¢pusuxo—mexnuyeckuil paxynomem
61022, nn. Ceoboowl 4, Xapvros, YVkpauna

B nameii paGore pemena 3amada IUGpPAKIMU HA3KOYACTOTHOM 3JIEKTPOMAarHWTHOW BOJHBI, KOTOpas MajaeT U3 OXHOPOJHOM
MarHATOaKTUBHOH IDTa3MBl Ha METAJUIMYECKHH IUIMHApP, OKPYXEHHBIH pagualbHO HEOJHOPOJHBIM CIOeM IuIa3Mbl. IlocTosHHOE
BHEIIHEE MArHUTHOE II0J€ SBISIETCS IMapauleNbHBIM K OCH NWJIMHApPA, BOJHOBOWM BEKTOP IANAIOIIEH IUIOCKOH BOJHBI -
HEepIeHIUKYIsIpeH K 3ToH ocu. IlmasmMa XomofgHas, W BO3MYIICHHS B HEH ONHCBHIBAIOTCS C IIOMOIIBIO JBYXHIKOCTHBIX
TUAPOIMHAMMUYECKUX ypaBHEHUIl M ypaBHeHMH MakcBemna. Ha ocHOBE MONy4eHHBIX TOYHBIX pEUIEHMH A TOJeH BHYTpHU
TUIa3MEHHOTO CJIOS C IMHEHHBIM NpoQuIeM HEOAHOPOIHOCTH MOIYUEHO BBIPaXKEHHE ISl CeUeHUs paccestHus. s pa3HbIX BETHUNH
BOJIHOBOTO BEKTOpa MaJaroliell BOJHBI MONYYEHO YIJIOBOE paclpeneneHue cedeHus paccestHus. [lokaszaHo, 4TO M3MEHEHHEM
YacTOTHI BOJHBI U BEJIMYUHON M HampaBJICHUEM IMOCTOAHHOI'O BHEIIHEI0 MAarHUTHOI'O ITOJIS MOXHO S(I)(l)eKTI/IBHO YIpaBJIATE 3TUM
YIJIOBBIM paclpeesICHUEM.

KUIIIOYEBBIE CJIOBA: snekrpoMarHuTHas BOJIHA, MU(PAKIMs, MarHUTOAKTHUBHAs IUIa3Ma, HEOAHOPOJHAs IUIa3Ma, CeYeHHe
paccesiHus.

Diffraction of electromagnetic wave by a metal cylinder embedded into magnetoactive plasma is of interest for
solving a number of problems concerning with a metal object influence on the electromagnetic wave propagation in
various plasma-like media. Models of such media are used very often in study from space to nano technologies.

Electromagnetic scattering by a metal cylinder immersed into homogeneous plasma or/and coated with
homogeneous sheaths has been studied in many works [1,2]. Very often the different competitive processes give rise to
inhomogeneous sheaths.

Aim of our paper is to study of an angular dependence of electromagnetic fields scattered by metal cylinder coated
with inhomogeneous sheath being in homogeneous magnetoactive plasma.

STATEMENT OF THE PROBLEM
We continue [3,4] to solve the problem of diffraction of low frequency (w<®,) magnetohydrodynamic (MHD)
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waves propagating in a homogeneous magnetoactive plasma (r>p) on a metal circular cylinder of radius R,
surrounded by radially inhomogeneous plasma sheath (1<r<p); the radius r is normalized by R . The external

magnetic field H, is parallel with a cylinder axis; the wavevector of incident plane wave is perpendicular to this axis. It

is assumed that plasma is cold and disturbances in plasma are governed by Maxwell’s and two-liquid hydrodynamic
equations.

Let choose the linear profile of plasma density N(r) inside the sheath in the form (Fig.1)
N(r)=A+B-r. (D
where N(r)=n(r)/ny; n(r) - the unperturbed plasma densities in the inhomogeneous regions, n, - undisturbed density

of the homogeneous plasma.

Nm A The incident plane low frequency (w<@) wave has such
» components (TM -polarization)
H £ = E,exp(—ik,r) ;
<N> EY = —(@, @) (k/k,)HY )
1 Ey =_(k/kT)Hz 2
where E, is amplitude, @ =eH,/mcis the ion gyro-
frequency, e,m, - are ion charge and mass, respectively, H,
value of external magnetic field, ¢ - speed of light in vacuum.
The factor exp(—iax) was omitted because incident wave is
_ assumed monochromatic.
0 1 o r Varying 4 and B it is possible to describe both layers
) ) ) with overdenced and rarefied adjacent plasma sheath near-by a
Fig.1. The normalized plasma density versus the L
normalized radius. metallic cylinder. Here (N)= — J N(r)dr
p_

The linear dispersion relation at low frequencies w<®, in a dense (Qfo >> a)f) plasma for waves propagated in a
homogeneous magnetoactive plasma perpendicular the external magnetic field A, has a form

ky =(@fc)(Q/®,) (3)
where k, - wavevector of incident plane wave, Q, = (47[62}10 /m, )1/2 - ion Langmuir frequency.

Standard representation of a continuous plane MHD wave propagating in a homogeneous region (r>p) via

Bessel functions is :

Hi’) = E, exp(=ik,r) = E, - i (=i)" I, (kyr)e™
(@) < . o s - @
: z ()" I, (kyr)e™ ;E.S) =—(a/o)(k/k)E, Z ()" J,, (kyr)e™” .

M=—co

We will assume that normally incident plane wave (2) generates a divergent cylindrical wave in result of
diffraction on the given structure. It is possible to consider this wave as the locally plane wave of TM- polarization far
from a cylinder. The diffraction field components in the homogeneous plasma region may be chosen in the following
form :

His) =E, i (—i)m a,nH,(;)(kTr)ei”"" ,

dH " (k,r)
E(t) — "o 4 ﬂH(l) kr)\+k C() z T ,
W :z ( l) |:}" m ( Tr) T ) dl’ (5)
dH ") (k,r)
E(t) _ m _img H(l) k k z T ,
[ N(r) n;m( i)"e"a |:r Py ( ) T dr

where H(k,r) - are the Hankel functions of first kind.
Let us to express the fields inside the inhomogeneous sheath (1<r< p) via two linearly-independent solutions of
equation (6):
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d*F, [1 d dF, m) maod
"yl ———InN "\ EEN(r)-| — | ————InN(r)|-F, =0,
dr’ [r ar (r)} dr { ) [rj r @ dr 8 (r):l " ©)

Hir) = E() : Z (_l)m .eim(" -I:bm Em(r) +CW’ .Fzm (l"):l,

B = JW 3 e 2+ 20 e 2 ) 22,0
(t) _ m _imp ﬂﬁ ’ EQ ’
s S e a2 R 22 m 01 0.

RESULTS
Let’s find the solutions of equation (6) with help of Frobenius method [5]:

Flm(i’):ZOK,rl , 1:2m( ) a-Inr- F}m Zﬂ —m+k o

1=0
Foralli<0 o,=§=0 ; a,=f,=p,, =1, and all others coefficients w1ll find from recurrent relations

oy[A-1-(1+2m) ]+, B[ (m+1=1)[ (m+1-2)—m* = ]|+
+oy - Af+a, - 24BB+0e, ,-B* =0 ; B=k . (8)
For k <2m
Bo- A (=m+k) = |+ By B[ (-m+k=1)[(-m+k=2) =m0 ]|+ By 4B+ B, -24BB+ B, BB=0 , (9)
For k>2m : k=2m+i ; B,,.. =5
ﬂi-A-i-(2m+i)+,Bi_l-B[(m+i—1)[(m+i—2)—m2—/zﬂ+,b’i_2-A2,B+

s 24BB+ B, B’ B+al24(-m+i)a, + B[2(-m+i)-i]a,_} =0, (10)
Then a may be obtained by solvmg the equation:

a-2mAd=p,, B|:(m - 1)|:(m ~2)-m’ _ﬂ:|:| + Boner AB +y, s 2ABB+ B, - B'B (11)
The power series (7) must converge so
1o long as radius of convergence R, =p .In
Fig.2 shows the region of the
inhomogeneity parameters, in which there
0.8 is convergence of the series (7). It is
domain of convergence evident that for inhomogeneity of the
p o8 plasma with increased density p>1
convergence is unconditional because
p>1 by the problem formulation. In case
07 of the inhomogeneity of the plasma density
\ with lower than background (p<1) the
06 convergence takes place only if the

. . . condition p >(1+p)/2p is satisfied.
1 2 3 4 5 6 From boundary relations were

p

determined the coefficients a,,b,,c, . And
Fig.2. Domain of convergence for power series (7) for inhomogeneous plasma

region with N(r)=A4+B-r finally we have

am:Dma Dr;l’
P, (r ) Fy (r )+r-F,-m(V),J=L2; y (r) F (r )+r-ﬂ'm(r)sj=ls2;Gm=qm-H§3’(xr 30, =4, u(xr); (12)

Xr =kaRC s u=m(ajm).
The differential scattering cross-section per unit length o(¢) may be introduced for study of scattering. It is equal to

the ratio of the power diffracted at an angle ¢ to the magnitude of the Poynting vector

. Tr 2 2
= lim = g% E j
0((/7) rlgloz O \ 0‘ (13)
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At far field zone the differential scattering cross-section can be written as
2
X ) a e

"R
Consider the angular distribution of the scattered fields for different values of ratio metal cylinder radius to length
of incident low frequency wave.

()] (14)

90
120 60
0.8 s y
0.6 ‘ \\ / .
150 \ 30 30
0.4+ \\\ \\ ) éo@@@w%; Y, %3%//

q b N \ s // - o / - - —
o2 - :  k/R.=0.3 - kR =1
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Fig. 3. Changes of scattering indicatrix for linear inhomogeneity N(r)= A+ B-r (values of parameters p=1.9:p=2.2).

DISCUSSIONS AND CONCLUSION
From Fig. 3 evidently, that for small values k,R.=0.3 practically all wave energy is back-scattered. It corresponds

with the theory of diffraction of waves on a metallic cylinder, being in a vacuum [6]. If to increase ratio of radius of
cylinder to a wave-length (kR =1), symmetry in scattering is violated, back-scattering diminishes, a maximum of

scattering turns, and the part of energy, which forward diffracted increases as a result. In the case of small lengths of
waves kpR- =2, kpRc- =3 practically all energy scatters in the wavevector direction of incident wave, and the values

of cross-sections for back scattering approaches to the geometric optic limit, that partly confirms the rightness of the got
results. In addition the scattering indicatrix becomes symmetric again with increasing of k; R .

Asymmetry of scattering is related to nonreciprocality of waves propagated in the external magnetic field fz) .
The incident wave excites the electromagnetic waves at the boundary “metal- inhomogeneous plasma”. These waves
can propagate around cylinder in two opposite directions, for which wave propagation are nonreciprocal in relation of
direct of external magnetic field FZ) . At substituting of direction of the field by opposite h_; 0 — —?I o » the changes of
indicatrix of dispersion depending on a value k;R. take place so that curves 6(¢,—H0) are the mirror symmetric of
curves o(¢,H,) in relation to direction of wavevector of incident wave. The change of strength of the external

magnetic field gives changing of the ratio of length of incident wave to the cylinder radius.
Consequently, possibility of management of indicatrix orientation is opened if to change the wave frequency
or/and the strength and orientation of the constant external magnetic field.
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