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Abstract

The paper deals with the solution of two-dimensional integral equation for the surface
axial current, arising at the surface of a conducting plate, when a plane EM wave scat-
ters on it. The calculating formulae for the normalizing coefficient of the equation and for
radiation characteristic of the plate are received.
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Introduction

The problem of scattering of a plane EM wave at thin con-
ducting plate is not yet strictly considered in the literature,
while its cognitive and practical value is rather sufficient.
The expression for the axial current arising at the surface
of the plate in such conditions is considered and evaluat-
ed (Chikhladze, Kevanishvili, Kevanishvili &Kotetishvili,
2016). But now original mathematical approach to its solu-
tion should be found, in particular, definite coefficients of the
equation have to be calculated. Their proper definition will
become sufficient income in SHF and antenna techniques

(Fig.1).
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Figure 1. Thin conductive plate, M radiation and
M" observation points.

The exact value for the surface axial current is given as
follows (Chikhladze, Kevanishvili, Kevanishvili &Kotetishvili,
2016).
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A - wave length, & - Dirac delta function, H,(") - Hankel
function of the first kind, J,, - Bessel function.

After definite transformations and insertions into (1)
(Chikhladze, Kevanishvili, Kevanishvili &Kotetishvili, 2016),
for the surface axial current arising at the surface of the
plate we get

](y;',z") = —M + M cos(kz) — Q cos(kz") J(¥",0)
+ Q@ sin(kz") cot(B) J(y",0) +
+Msin(k|z"|)$.

M =A(y'")cos B+ B(y")sinp,
B =1kbj2=nb/A

Obviously, this expression satisfies the

condition. Iy £b5) =0

Solutions and Calculations

Let us count the value of "Q" coefficient, which is the nor-
malized multiple in

(3) K(Gy'—y"z'=2")=Q8(y' = y"2' - 2"),

* Assoc. Prof. Dr., Department of Engineering Physics, Georgian Technical University, & Faculty of Computer Technologies and Engineering, International Black

Sea University, Tbilisi, Georgia. E-mail: gurchix@gmail.com

** Assist. Prof. Dr., Department of Engineering Physics, Georgian Technical University, & Faculty of Computer Technologies and Engineering, International Black Sea
University, Thilisi, Georgia; & David Aghmashenebeli National Defence Academy of Georgia, Gori, Georgia. E-mail: g_mushkudiani@yahoo.com

*** Assist. Prof. Dr., Faculty of Power Engineering and Telecommunication, Georgian Technical University, Tbilisi, Georgia.

E-mail: irmakevanishvili@gmail@com

**** Assist. Prof. Dr., Department of Engineering Physics, Georgian Technical University, Tbilisi, Georgia. E-mail: ktvnkapanadze5@gmail.com

31



Guram CHIKHLADZE, Giorgi MUSHKUDIANI, Irma KEVANISHVILI, Ketevan KAPANADZE

Journal of Technical Science & Technologies; ISSN: 2298-0032; e-ISSN: 2346-8270; Volume 6, Issue 1, 2017

Introducing notations
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Then overwrite (3) as follows:
@  eEr-trsposi)=oe(r-arin )
Introducing additional notations 714=¢-¢', 1,=n-n' con-
clude then that, as to &¢&",n,n' variables vary within the
closed interval (-1=€,§',n,n'<1), 14,7, variables then should

be placed inside (-2<r4,7,<2) interval and (4) will be over-
written as follows:

(5) K(;Tl,b‘rz) Q&( Tl,b rz).

Integratlng it by both 74,7, variables from -2 to 2 we get
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But (6) may be overwritten as
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Here ¢ is thickness of the plate.

7 ETZ drydt, = Q.

e

dt,dt,.

a b
Let us gain the circumstance that K(E“G’Z) function is
finite from the physical point of view, in particular

a b
K(Erl,zrz) # 0,when |4|, |7,| < 2,

a b
K (Erl'frz) = 0,when |7;| > 2 or |7,| > 2.

That is why we may infinitely increase, say 14 within
the borders of integration, arriving then to the following (in-
stead of (6)):
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Here we used the relation
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The integral in the expression (7) may be calculated
by any quadrature formula, for example, by the rectangu-
lar formula (Kevanishvili, Kotetishvili & Chikhladze et al.,
2009) In given case, according to it, for three points 74(7)=-
2,14(2=0,1,(3=2, we arrive to the following result

® ¢= inkcg[zﬂgz) (k /%2 + 46) +H§ (k 5/2)]

As to Hy(2 (k ) is a big number, in (2) all terms in-
cluding Q are dominant and, thus, instead of (2) we write
approximately

Jly",z")=QJ(y",0)%
9) x(sin(kz"") cot(B) - cos(kz")).

This expression presents the approximate solution of the
integral equation

Yy by
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being the more exact, the stronger is k5/2 K1(*
inequality.

Now let us count the radiation characteristic of the plate.
First of aII', we should write down the meaning of Green’s
formula e/ in the far zone
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and insert this expression into the relation for Hertz's
function given as follows:
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Resulting from it
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While foresee (9) we get
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J(v",0) being given by (1). Values of arising integrals are
listed below (B=m*b/A)
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Now it is appropriate to write down (11) in the compact
form

M1,,=CQ e"kR/R [f,(6)ctanp-f»(6)-5(6,9)].
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Using the expression for electric field strength
ElZ - kzl_llz +—

it is possible now to calculate the electric field strength
in the far zone. Taking into account that /7;,~¥R, while 82
;/(0z2)~1R2, we cancel the second term in the right-hand
side of this equation, then reducing it to the following:

E1Z=k2 I71Z.

Conclusion

The practical interest is paid to the value of the azimuthal
component of the electric strength E g, given as follows:

—ikR

E,, = E,,sinf = k2C F(8,p),
(15) 10 1z Q R (6, ¢)

F(8,9) = [f1(8)ctanp — f,(6)
— f3(6, @)]sind

This is the radiation characteristic of the plate.

For numerical counting it is appropriate to normalize the
expression (15) in 6=600 and =0 directions. Then

F(60°,0) = [,% (sing — lsin %ﬁ) ctanf

3
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For the normalized characteristic we get:
F0,9,8)
17 b Sl
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At the main meridian plane (¢=0) the radiation charac-
teristic will be represented as follows:
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Consider now the private case, when B=(2n+1)m or
b=(2n+1)A,(n=0,1,2,...), i.e. the height of the plate (b) [1] is
the odd number of the wavelength. In such a case ctanf=~
and (18) sufficiently simplifies, transforming into the fol-
lowing

sin[(2n + 1)ncos6]

— (_13n
Fror (8) = (=1)"2 sinf

b—2 1
E— n+ 1.

When n = 0, we get

sin(mcosf) b

Fﬂor(a) =2 sind ) E =1
While, when n =1
sin(3mcosf) b
Foor(0) =2———F—, - =3.
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