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In scope of designing of artificial mediums with anisotropic properties with
respect to electromagnetic wave polarization the advance has been achieved. The base
element for construction of more complicated electromagnetic structures with
anisotropic properties not only in wave polarization scope but in frequency one has
been investigated. It is assumed that such element will find applications in filters and
antennas design.

The problem of diffraction of electromagnetic wave
normaly incident on dielectric cylinder covered by helical
conducting surface has been investigated. The cylinder is
made of uniform magnetodielectric characterized by
magnetic  permeability 4 and complex dielectric

permittivity &= &' — J€". The anisotropic surface

conductivity provides the existence of surface current along
helical curves with right-hand rotation and twirl angle

w (Fig. ).
On the cylider surface (¥ =a) the boundary
conditions are used :

()  Ef=E;,E;=E, E,cosy+E,siny =0,

(H; — H;)cosy +(H, - H,)siny =0,

3

where the signs “+" and “-" correspond to external (¥ =a+0) and internal
(r = a — Q) surface sides respectively.
It was shown [1] that in case of €= 1, 4= 1. << 1 in low frequency region

ka <<1 resonances occured. The aim of current investigation is to explore the
influence of dielectric heat losses on resonator parameters.

The incident field is supposed to be independent of the coordinate z. In this case
the problem of diffraction is two-dimentional and two-potential. It is convenient to

take £,(r,@) and H_.(r,) as poteniial functions.

In the area ¥ = @ the incident electromagnatic wave can be expanded into series
of Bessel functions
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n=-w0 n=-w0
where coefficients A](g) are known.
The total internal (¥ £ @) field can be represented as a series of Bessel functions

. . n)
with unknown coefficients Cl(z :
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B) E.= Y.CJ,(kJeur)e? H, = S.C0J, (kJzur)e™

h=-x h=-—C

The scattered field outside the cylinder (F 2d) can be represnted as a
superposition of two fields:

s _ s s s s s
(4) Ez - zO—'FEzl ’ Hz - zO+Hzl
where E_fo, H;O is the field scattered by isotropic cylinder

i J, (ka)
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©) Z_w ' HD (k)
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The second summands in (4) can be represented as series with unknown coefficients

(n)
B

H(Q)(kr)ejn(l”

H(Z) (kr)e J'"P

(6) Ejl = iBf'7)fL£2)(h)ej”¢, H;l — ZB?(,")}J;?) (kr)ejn(a.

The quantities B’y ,C{ can be obtaned from the boundary conditions (1).

For the sake of implicity it is convenient to introduce the following vectors and values:

40— {A(") A(ﬂ)} i B — {B(n) B(”)} , o — ic(") C(”)}

70 _ siny jcosy O siny ~ —jcosy
] g ’ ' T H2) ’ ' :

) fD (ka KD HD (ka)
M("):{ sin i j\/gcosw }

J, (kafep) " Jud, (kayfep) |
Aaﬂ“’(ka) kaH® (ka) . ,
—n " cos’ —— & sin" -
H(’) (ka) H,” (ka)

ll»a\/gTzJ (Aa\/a) lka\/_ (ka\/a)Sn v
g Ji(kayfep) Y T ko)

. p(n M .
If introduced parameters are used, the vectors B () ,C ) can be represented in
a brief form:

D

n

2/(4", N ) [ ¢t =

7y B =
@ 7D, D,

- 442 -



where parentheses are determined as (;l(n) s N(n)) = Al(n) Nl(n) + Az(n) Nén).
Suppose that

(8) kaeu<<l | &"[e'<<].
The asymptotic expansion of Bessel functions of small argument (8) can be used. The
values D" are real in higher order:

5)
2 75
Re Dy = = cos® y ————=7 _gin? W
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J}’z
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The value Re DO is positive in any case (8) but Re Dn,n # () became zero
when the following equation is satisfied:

(9) ka:]iz]\/11fl+#tany/
HV1+ £

The low frequency resonances occure only when i/ << 1.

1 i
ReD,,=(1+—)|n|smzz//— (1+&)cos?w , n=0
U

where ¥y = 1.78...

The Q-factor of the base (In‘ = 1) resonance defined by the most frequency

dependable parameter Dn ‘and given by the equation:

2(e' +1)?

m,//z(Z L g’) +2e"(1+¢')
p;

calculated at the base resonance frequency (9).
Consider the arbitraryly polarized incident wave ES = (Zle_ﬂ‘:\c

H? = aze_ﬂ“. Al(,’é) = (—j)"au where the coefficients &, ,(&, are complex

2 2
and satisfy the power norming (|a1’ + laz‘ = 1) . The power losses P_ achieve the
maximum value when the complex dielectric permittivity satisfies the equation :
!
"_ 72‘(1 +2,u+g,u) 2
2;1(1 + 8’)

The dependence of scattered and absorpted power on incident electromagnetic
2

e+ D, + jJu+la,

wave polarization is characterized by the factor
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This factor achieves its minimum (zero) and maximum values when:

al . l+l[l al . ﬂ(l"l’gl) .
=TT N T ——— respectively.
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Maximum cross-section equaled 8/ k is achieved in resonance .
A set of curves showing the dependence of heat losses on frequency for different

e" ( LLe" =0.026; 2:¢"=0.052; 3:£" =0.104; 4:&" =0208:

5:&"=0416;) is presented in Fig.2. The appropriate dependences of scattered
P

power on frequency are presented in Fig.3 (6:£"” = 0). The twirl angle ¢ = 0.2,

g'=2and =1 are the same for all curves. The maximum absorption is achieved

when lano = " & =0.052.
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