[SEN 16028-3358, Dokla
Original Russian Text © VA

by Physics, 2006, Vol, 31, No. 10, pp. 520-533 © Plefades Publishing, Inc., 2006
Doroshenke, V. Kravehenko, VI Pustovelt, 2006, published in Doklady Akademii Nauk, 2006, Vol 410, Now 4, pp. 465-469,

Diffraction of Electromagnetic Waves
on an Imperfectly Conducting Conical Structure
of a Particular Shape

V. A. Doroshenko?, V. F. Kravchenko?, and Academician V. L. Pustovoit®

Received May 11. 2006

PACS numbers: 02.30.Rz, 02.30.Ir, 41 20.Jb
DOL: 10.1134/51028335806100016

When studying problems of diftraction of electro-
magnetic waves on imperfectly conducting structures,
Shehukin-Leontovich-Rytov boundary conditions are
used [ 1, 2]. However, they can hardly be used in inves-
tigation of the scattering properties of imperfectly con-
ducting surfaces with a variable curvature. Therefore,
equivalent boundary conditions taking into account the
specific geometry of such structures are needed. In this
work, we propose equivalent im pedance-type boundary
conditions on the surface of a thin conical surface tak-
ing into account its curvature; they are obtained from
the exact solution for a thick conical grating [3]. These
conditions are used for investigation of the problem of
diffraction of electromagnetic waves on an unclosed
imperfectly conducting conical structure.

STATEMENT OF THE PROBLEM

Let us consider the problem of diffraction of electro-
magnetic waves on an unbounded conical impedance
structure X consisting of two coaxial cones X, %, (Z=
¥, U L,) with a common apex, each cone having N slots
periodically notched along the generatrix (Fig. 1).
Denote the aperture of cone %; (j = 1, 2) by 2y;: the
width of its slots by d;, and the period of the conical

2
structure by [ = % The slot period and width deter-
mine the values of the dihedral angles formed by the
intersection of the planes passing through the axis of
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the structure and the edges of the conical stripes. In the
thus introduced spherical coordinate system r, 0. ¢ with
the origin at the apex of the conical structure, each cone
%, is determined by the equation 0 = ;. Let the structure
be exposed to the field of a point source (either an ¢lec-
tric, 3 = 1, or magnetic, x, = 2, dipole) located at a point
By(ry), and let this field vary in time by the law e
(a = *1). Electromagnetic fields E(r) and H(r) in the
isotropic homogeneous medium with parameters € and
u, where the conical structure % and the source arc
located, satisfy the Maxwell equations; the two-sided
impedance-type boundary condition on the conical
stripes

n;x{n;x(E"+E)} = L x (H -H), (D
I'IJ;)(E-i- » “I,-XE. = 0, ZJ:'. g = ﬁ{_,r"! (2}

E-.::fjﬂ = 211.-'!}“?5_:"’-'*(Rin\{j)lfi'.';(-l! 5{,1) — (_]);{_|,

w= (=

RY = RN +iaRY, RA20, E = E|_
and the conditions of radiation at infinity and limited
energy value. Boundary conditions (1), (2) simulate the
conditions for the electromagnetic field on the surface
of thin resistive or thin dielectric (with the relative
dielectric permittivity of a large magnitude) structures.
The boundary value problem formulated in this way has
a unique solution.

Let us represent the sought fields E(r) and H(r) in
the form
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Ey(r) + E,(r), (3)
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= Hy(r) + H (1), (4)
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Fig. 1. Geometry of the structure.

where Eg, Hy is the source field (primary field) and E,,
H, is the field due to the presence of the conical struc-
ture (secondary field). In solving the electrodynamic
boundary value problem, we use the electric vV(r) and
magnetic V?(r) Debye potentials and express the ficld
components in terms of these potentials. The potential
() satisfies the Helmholtz equation everywhere out-
side the source and the conical structure; it satisfies the
boundary conditions corresponding to (1), (2); the lim-
iting absorption principle; and the condition of finite-
ness of energy. In the general statement, the dipole
moment is arbitrarily oriented. The basic problem for
the original one is the problem of scattering of the field
of a radial dipole with the moment

PX(r) = M*e,8(r-r)

by the conical structure Z.
According to (3), (4), the potential v(r) can be

written as

() () (%)
V() = vt (r) +v7(r),
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where vg* (r) = ~f— corresponds to the primary
rgd4mR
(%)
3 I3 = ___J' — 1l 1e ; ¥
field, p, = 93—?:“}!-1 ,q = iak, k is the wavenumber, and

R =|r —ry|. It is convenient to seek the potential Ufﬁ"’ for
the secondary field using the Kantorovich-Lebedev
integral transformation [3]
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where K (gr) is the Macdonald function; af:fT] are the
known coefficients depending on the location of the

+ N . ™ %
source; Py ix (cos0) is the Legendre function of the

first kind; and (35.53,3 i Bfﬂi: B a:fri.) . and ﬁ:,;::r..] are the
unknown coefficients, which are independent of param-
eter ¢g. For obtaining functional equations in order to
determine the unknown coefficients, boundary condi-
tions (1), (2) and the field conjugation conditions in the
slots should be used.

SOLITARY IMPEDANCE CONE
WITH LONGITUDINAL SLOTS

In the case of diffraction of electromagnetic waves

. . s (%) =
on a solitary cone X, function &+ (6) has the form
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U o, it
+oo n+ N o
() P I.-'E*.‘T{ic(-)ﬁ‘ U) i+ n g )
= g (7)
- K+ my | e ’
s d”* gt N i )
5 ~ P 1+ in(EC08Y)
dy;

where the upper signs in (7) correspond to the region
0 < 0 <, and the lower signs correspond to the region

m ; ; m
Y <8<, N =M + v, my is the closest integer to N
/

iy

and —= < v < = . We assume that the impedance param-
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eter RJ,-'{ depends on the radial coordinate
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The unknown coefficients x,, are the solutions to

the functional equations ot the form
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If the source of the primary field is a radial magnetic
dipole (y = 2), then Egs. (9) and (10) can be solved by
the semi-inversion method [3, 4]. Then, the original

electrodynamic problem is reduced to the solution of

the following system of linear algebraic Fredholm
equations of the second kind:
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The functions V! _ if) and VP(u) are presented in [4].
In the case of a Iaxg(, number of sufficiently narrow (as
compared to the period of the conical structure) slots,
under the condition of existence of the limit
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the potential v;” can be represented in the form
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In a nonabsorbing medium, in the presence of a cone

. L 5(2) ;
with reactive impedance (0 < (= J) < 1), one of the
components of magnetic field (4) has the form (6, = 7
<0<y
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The first term in (11) is the mode due to the reactive
impedance; it corresponds to the spectral value 1% =
ny,
I;{E‘.
5
sponds to the spectral value of the mode in the case of
excitation by a radial magnetic dipole of a solid cone
with two-sided boundary conditions of the type (1), (2)

iT*. In representation (12), the term — corre-

character-

satisfied on its surface and the term

izes the influence of inhomogeneities in the form of lon-
gitudinal slots. The second term in (11) is the mode cor-
responding to the spectral value [, : representation (13)
of the latter involves quantity &, whose value (14) cor-
responds to the TEM wave in the structure of the field
scattered by a semitransparent cone, which is the limit-
ing case of an ideally conducting cone with periodical
longitudinal slots [5].

SEMITRANSPARENT CONE ON THE
IMPEDANCE PLANE

A semitransparent cone X, (the limiting case of an
ideally conducting cone X, with longitudinal slots) with
the transparency parameter

; | Td,

W, = ——Incos—.
' ..\-ITL( NS zzj
)

7 - |

. . T
is located on the impedance plane X,: 8 = = and repre-

sents a model of an imperfectly conducting cone with
the components of the electromagnetic field (y = 1) sat-
isfying the following averaged boundary conditions on
its surface:

E, = 0,

= (a—:—q ](Jﬂ"m

i
z; C}I

—4

— = AT-A".
wW,siny,

The plane is a model of an opaque flat solid substrate
surface with a thin absorbing layer, on which the
Shchukin-Leontovich-Rytov impedance conditions
are sef:

nxE| = —wR"'nx (nx H)|:‘,
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Under the assumption of the varying impedance
parameter

C{f_.)

(qr)ﬁ(?i]

R(x) 2

and the radial electric dipole being located on the axis
of the semitransparent cone (¥, = 1, 85 = 0), using the
Kantorovich-Lebedev integral transformations, we

. . 1 i P ~
obtain potential 'LJ{] ' and write it in the form

88 (1 —(1)
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where Uﬁ‘;mp_p]_ is the Debye potential for the imped-
ance plane without the cone, which can be written as
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The difference of fractions in the integrand in (15) con-
taining Legendre functions of arguments with opposite
signs determines the influence of the plane on the radi-
ation from the cone.

CONCLUSIONS

A numerically analytical method for solving three-
dimensional boundary value problems of electrody-
namics for imperfectly conducting unclosed conical
structures with two-sided impedance-type boundary
conditions taking into account the surface curvature has
been proposed and rigorously substantiated. The
advantage of the method is that it provides the possibil-
ity to obtain an analytical solution to the problem of dif-
fraction of electromagnetic waves on impedance cones
and bicones with longitudinal slots. The proposed
method can be used efficiently in investigating prob-
lems of pulsed excitation of superconducting conical
structures.
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