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Electromagnetic Characteristics of the Simplest Strip System
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The main electromagnetic characteristics of the noncoplanar system of two narrow strips with
parallel edges are investigated. They are determined on the basis of the integral equation technique,
using the local coordinate systems. Analytical expressions of the longitudinal and transverse surface
current densities are presented. They are validated by passing to the limit of a single strip and allow
both analytic and numerical examination of the strip interaction. By using the obtained expressions, the
field in the far zone, the scattering cross section and the scattering coefficient are deduced. These
expressions are sufficiently simple and convenient for numerical calculation.

1. Introduction

The systems of strips are widely used in
various branches of physics and technology.
In particular, they are applied in antenna tech-
nology, electronics, technical metrology, nu-
clear technology, acoustics and so on [1, 2].
Many authors deal with problem of the elec-
tromagnetic wave scattering by such structures
(see ref. in [1-9]). The aim of this paper is to
obtain the main scattering characteristics, such
as the field in the far zone, the scattering cross
section and the scattering coefficient [1]. The
problems of scattering of a plane linearly po-
larized monochromatic wave by the system of
N noncoplanar strips have been considered
in [6, 7]. The asymptotic expressions for the
surface current densities have been found for
the case when the wave length of an incident
wave is large compared to the dimensions of
the strip cross-section. The obtained expres-
sions have been validated by passing to the limit
of large distance between strips as compared
to the strip width and can be directly applied to
the calculation of the main electromagnetic
characteristics for the narrow strip systems.
First of all, we deduce the main electromag-
netic characteristics of the simplest two-strip
system and examine them.
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2. The Problem Formulation
and General Expressions

Let us consider a system of two noncoplanar
flat strips with parallel edges, so that the cross-
sectional view (in xOz plane) presents two seg-
ments §, =(-a,, §,), m=1,2, which are lo-
cated arbitrarily (see Fig. 1). The strips are as-
sumed to be perfectly conducting and absolutely
thin. The system is excited by a plane linearly
polarized monochromatic wave.

In the case of E-polarization (the electric vec-
tor E is parallel to the strip edges) we have the
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Fig. 1. The cross section of the simplest two-strip system
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following expression for the unique component
of the electric field strength:
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where k is the wave number, 7 and 0 are general
polar coordinates in the xOz plane, 6, is the
angle between the direction of incident wave
and x-axis, Hg(2) is the Hankel's function (which
is the free space Green's function),

Rn=+/(Xn~ X2+ 2, xnOz, 1is the local co-

ordinate system with the origin in the center of
the m-th segment. The physical sense of the un-
known functions ¢°(x) is as follows [1]:
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where j, (x) is the surface current parallel to the
edges of the m-th strip (the longitudinal current).

In the case of H-polarization (the vector H is
parallel to the strip edges) for the unique component
of the magnetic field strength we have the formula:
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where n= 0, M, and €, are the magnetic and

electric constants, W2 (X) are the unknown transverse
currents in the strips perpendicular to their edges.

The longitudinal and transverse currents are
excited by the plane linearly polarized monochro-
matic electromagnetic wave and themselves ex-
cite the scattering electromagnetic fields. To find
the unknown functions §2(x) and §°(x) it is

necessary to satisfy the boundary conditions
Ey| = 0. Using these conditions, we deduce two
systems of singular integral equations, which are
presented in a more general form in [6, 7]. There
are many numerical methods for solving such in-
tegral equations [8-11], but an asymptotic ap-
proach was used in [6, 7] and the following

asymptotic expressions were adduced:
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the distance between the centers of the segments; the
magnitude €, depends on the main frequency pa-
rameters X, and kp and it is defined by the formula

1)
g =- I[Ho (kp). (6)
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To write the expressions (3)-(6) we have chosen
a general coordinate system in the following way:
the x-axis passes through the segments’ centers, the
latter being equidistant from the z-axis (see Fig. 1).

The second addend in expression (3) is deter-
mined by the coefficient ¢, :

_ [
¢, =2M mcoseo—am)—étb(g, mo CO8(3 HY Kp ),
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here o, is the angle between the X, -axis and the
x-axis. The expressions (3) and (4) are confirmed
by passing to the limit p — oo and are very simple
and convenient for numerical calculation. They
allow both numerical and analytical examination
of the mutual influence between the strips [12, 13].

In particular, using the formula (5), it is easy
to obtain the expression

=0, -0 £, +PEE,~O §2§ 2+O(£4),

ﬂm_, £ =max(E, £, ). It de-
In (vxm/4)

scribes the process of multiple reflection. Really,
the first addend of this asymptotic expression is
associated with a separate strip. It is equal to the
main term of asymptotic expression for a single strip
in case of large wavelengths. The other addends are
associated with the mutual influence. The second
addend, the main term of interaction, has two fac-
tors. The first one is the leading addend for another
strip and the second factor is € (see expression
(6)), which depends on the distance between the
strips and tends to zero as the distance increases.
Thus, this addend describes the simplest influence
of the second strip. The third addend has three fac-
tors: the first one is the same as the main term, two
another tend to zero at large distances. Hence, it
presents the simplest influence the first strip on it-
self by means of the second strip.

where ¢, =

3. Scattered Fields in the Far Zone

To examine the electromagnetic field induced
by the strips’ currents in the far zone, let us sup-
pose that the distance from the system of seg-
ments to the point of observation is large as com-
pared to the wavelength of the incident wave.
For this reason, we use the following transforma-
tions of the coordinates:

X —%cosal+ rcos@+a, ),

'O

z -Esmal+ rsin@+a,),

X, =—gcosu2+ rcosf—a, ),
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z, —Bsmc12+ rsin@-a,)

and the asymptotic expressions for the Hankel's
function [14]

HOKR,) = ﬂme explikR, .

0 k
ZHOKR,) = - HO(KR) - =
0z,
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Returning to the expressions (1) and (2), let
us consider only the scattered field. Since

Ry =1y~ xcosem+OE1£E, where r, and 6,

Om O
are the local polar coordinates of the point of ob-

servation and x is variable of integration, we have
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where

1 1
n= [On®E™dt and By, = [0 dt
), I

are the Fourier images of the surface currents in
the m-th strip, Am = XmCOH

The vectors of the electromagnetic field then
can be represented in the form:
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eikr
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A6),

where A(8) and B(8) characterize the depen-
dence on polar angle. Therefore, we should re-
place every local polar coordinate system r,, 6.,
by the general system 7, 6.

Applying the law of cosines for the triangle

(r,rp.py) (see Fig. 1)

rZ=r?+pZ+2p,cosft-90),

7 =r’+ps+2rp,cod,
it easy to see, that
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Thus, we obtain the expressions:
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It should be noted that for
and 6, =0-q,.

kr>1 6,=6+a,
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Now we investigate the Fourier transforms
of the surface currents. In order to find their
asymptotic expressions we use the formu-
las (3) and (4). Performing the transforma-
tion, we need to examine the integrals

t dt

Ik(X) =Iexp|ixt]\/l_7t2

that ¥ <1, we have

. Taking into account

lo(X) = T+ O(X®), 1,(x) = O(X),

[L,(X) = g+0(x2), so that

1/i 0 0.k
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(8) ZHJEBQ 1 pEr 2 %
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xsin(, —az)sin@—az)gm ).

These expressions can be successfully used
for numerical calculation. As an example, we
apply the expression (7) for the system with
the frequency parameters X, =0.1, x, =0.08,
kp=2.5and 5. The numerical results are pre-
sented in Fig. 2, where the dependence of
|A(9)| on polar angle 0 is shown in the polar
coordinate system. The values of |A(9)| are
displayed using the Cartesian coordinate
axes.
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Fig. 2. Dependence of |A(0)| on polar angle for the system with the frequency parameters X;=0.1, X,=0.08:

a) kp=25 b) kp=5

4. Scattering Cross Section

The scattering cross section is an impor-
tant characteristic of the scatterer and is de-
fined by the ratio of the scattered energy flux
to the energy flux of the exciter's field. The
scattered energy flux is given by the integral
of the energy flux density vector (Umov-

Poynting vector) P = Bé(s), HO B The energy
flux of a plane electromagnetic wave is equal

to 0.5. Thus, the scattering cross section
of the strip system considered is determined

by the formula: Im?VDa S dl, where Cg

is a circle with the radius R; Vg = E(S), nisa
normal to the circle; d/ is the dlfferentlal of
the arc-length. The radius R is large with re-
spect to the geometrical parameters of the strip
system. Thus, for Vg we can take the expres-

sion for the far zone field defined by the for-
mula (7). Now we turn to the derivative in

o V. .
direction n: a—s It can be presented in the
n

m % =%Cose+a—vssir9 , where
on 0x 0z
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At first, we consider the partial derivatives:
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Substituting these expressions into E' we

get the formula:

s ik,

on 4

XD ¢ (t)H(l)(le) cos(e+o(l)+

z ) N
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x%cos@ a, )2 3 sin@-a, Dd%

010
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0., are the local polar coordinates of a point at

the circle, we have

Since R, =

1+i .
H® (k - exd ik(r,—tco® .},
R == el ik( )
Xt cos9,,
Rn
. . 0Vg
Returning to the expression for o’ we ob-
n

tain the asymptotic expression

oV, _ —1+iLdw
=S = D, S,
= i B0 008, )
-1 ikry -iKP cosg i cop ]
=M e7%10‘5‘ +¢zoe O+ O(X?)-
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It is easy to see that the expression in the square
brackets is the same as that given above for A(0)
(7), so that the scattering cross section can be
found using the formula:

1 2n —|@cosﬂ i— co®
8k

¢10e 2 +he’ dé =
1
=Ik%blo‘2+‘¢zo‘2+
+2(Redyo R0+ Imb o I 50 ) o kp E

In the case when one of strips is absent

(¢10=0 or ¢,,= 0),wehave the expression:

T[Z

%In +TrZD

which is the same as for a single strip (cf. [4]
and [1]).

The next electromagnetic characteristic of a
scatterer is the scattering coefficient. It is defined
as the ratio 0 =Q/S, where S denotes the pro-
jection of the scatterer on the perpendicular line
to the direction of the plane wave propagation.

For the two-segment system shown in Fig. 1
we have

:2(qsin(60+0(1)+ 325in60+0‘2)) ’

where 6, lies in the interval

0 as
rctan—— ji— arctan—
p—ac pt+ acH

here

as= gsina, + g sina,,

ac=gcos, -
In Fig. 3 the numerical results are presented for

the following frequency parameters: X, =0.08,

a Co%l, .

X, =0.06, kp = 01851 ”, 45

o=0/S
7
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Fig. 3. Dependence of the scattering coefficient on
angle 6,
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5. Conclusion

An asymptotic approach to investigation of
the vectors of the electromagnetic field scattered
by the system of strip is developed. It is based
upon a solution of the systems of integral equa-
tions for the transverse and longitudinal current
densities. The expressions for the main electro-
magnetic characteristics are deduced. The meth-
od described in this short paper has many advan-
tages, one of which is its simplicity. Another fea-
ture is that it is quite general and can be used for
arbitrary number of strips.
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JIEKTPOMATHUTHBIE XapPaKTePUCTUKH
NPOCTEHIIEeH CHCTEMBbI I0JI0COK

I. . KomeBoii

HccnenoBanbl OCHOBHBIE JIEKTPOMArHUTHbIE
XapaKTEPUCTUKHU NIPOCTENIIEH HEKOMIITIaHAPHOU
CHUCTEMBI Y3KHUX MOJOCOK C TapajIeJIbHbIMU Kpa-
ssmd. OHU TIONYYEeHBI HA OCHOBE METOJa MHTET-
PpaJIbHBIX YPaBHEHUM € UCIIOJIb30BAHUEM JIOKAJIb-
HBIX KOOpAUHATHBIX cucteM. [IpuBeneHb! aHanu-
THUYECKHUE BBIPAXKEHUS JJIS TUIOTHOCTH MPOI0JIb-
HBIX U TIOTIEPEYHBIX MMOBEPXHOCTHBIX TOKOB. OHU
OBUTH YCIEIIHO MPOBEPEHBI MPEACIbHBIM Iepe-
XOAOM K OJHOM JICHTE U IO3BOJISIOT UCCICA0BATh
KaK aHaJIMTUYCCKH, TaK U YHUCICHHO B3aMMOBIIH-
sitHue JIeHT. Ha ocHOBe 3THX BhIpa)K€HHI Haiije-
Hbl aCUMIITOTUYECKHUE BBIPAXKECHUS NI MOJsA B
JaJIbHEN 30HE, TONIEPEYHOTO CEYEHHUS PaCCESAHUS
u ko3 durrenta paccesuus. [lonydeHHbie aHa-
JIUTUYECKUE BBIPAXKEHUS JOCTATOYHO MPOCTHI U
yIOOHBI JIJIsi YUCJICHHBIX PACUYETOB.

EnexTpomarsiTHi XapakTepuCcTHKH
HAWNPOCTILIOI CHCTEeMH CTPiYoOK

I. 1. KomoBuit

JocniikeHo OCHOBHI €JIeKTPOMAarHiTHI xa-
PaKTepUCTUKH HAHIPOCTIIIOT HEKOMILTaHAPHOT
CHUCTEMHU BY3bKHX CTPIYOK 3 HapalelbHUMH
KpassMu. BoHM oTpuMaHi Ha OCHOBI METOAY
IHTerpaJbHUX PIBHAHb 3 BUKOPUCTAHHSM JIO-
KaJbHUX KOOpIMHATHHX cucTeM. HaBeneno
AQHAJITUYHI BUPA3W JJsl TYCTHHHU MO3JOBKHIX
Ta MOTEePEeYHNX MOBEPXHEBHUX CTPyMiB. BoHm
OyJiM yCHINIHO TepeBipeHi TPaHUYHUM MEePEXo-
JIOM JI0 OJTHI€T CTPIYKH 1 JO3BOJISIOTH JOCIIIN-
TH SIK aHATITHYHO, TaK 1 YUCITOBUMHU METOIAMH
B3a€MOBIUINB CTpiuoK. Ha ocHOBI mux Bupasis
3HAWJCHO aCHUMITOTHYHI BUpa3d sl TOJS Y
JaJbHIA 30HI, TOTMIEPEYHOr0 Mepepizy po3ciro-
BaHHs Ta koe(imieHTa po3citoBanHg. OTpuMaHi
aHaNITU4YHI BHpPa3W € JOCTATHBO NMPOCTUMHU i
3PYYHUMH ISl YUCIOBOTO O0PAaXYHKY.
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