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Abstract — A plane electromagnetic wave scattered by
two dielectric coated conducting strips is addressed here.
Two methods of solutions are introduced. The first is
based on solving the Helmholtez wave equation in terms
of elliptical coordinates. As a result a Fourier series of
radial and angular Mathieu functions of unknown
coefficients in each region is obtained. The unknown
coefficients can be obtained by enforcing the boundary
conditions. The application of the boundary condition
requires the use of the addition theorem of Mathieu
function. The second method is based on an asymptotic
approximate technique introduced by Karp and Russek
for solving scattering by wide slit. Numerical examples
are calculated using both methods and they are compared
with each other. Excellent agreement between both cases
is found.

Keywords — scattering by cylinders, coated strips,
multiple scattering.

[.INTRODUCTION

Scattering from conducting strip and strip grating
were the subject of many investigations [1-3]. Also the
scattering of an electromagnetic wave from a single strip
coated with a dielectric was addressed [4]. The multiple
scattering of a plane electromagnetic wave by two strips
of parallel edges was also presented in [5]. Recently, the
scattering by two dielectric elliptic cylinders [6] and by
metamaterial coated elliptic cylinders [7] has been
addressed. The scattering of electromagnetic waves by
coated strips has not been addressed yet. Therefore this
paper presents two methods for solving the scattering of
an electromagnetic plane wave by two dielectric coated
conducting strips. This geometry can be used to simulate
a dielectric coated conducting plane when the strips are
close to each other. It could also have an application of
diffraction by slit of dielectric coated conducting slits.

[I.FORMULATION OF THE PROBLEM

Figure 1 shows two dielectric coated conducting
strips of infinite length with their axes parallel to the z
axis and widths 2d; and 2d,, respectively. The dielectric

coating have permittivities €, and €, , and focal length is

equal to the conducting strip width. The outer surface of
the dielectric coating of the first strip has semi-major axis
a; and semi-minor axis b;, while a, and b, are,
respectively denoting semi-major and semi-minor axes of
the outer surface of the second strip coating. The center
of the first coated strip is located at X = C while the
center of the second is located at X = —C with respect to
the global coordinates(x, y, zZ). The coated strips are
inclined with respect to the X-axis by anglep, andf,,
respectively. In addition to the global coordinate system,
two coordinate systems (X, Y,, Z,)and (X,, Y,, Z,) are
defined at the strip centers such that the plane of the first
strip lies in the x, —z plane while that of the second

strip lies in the X, — z, plane.

A plane wave, with e ® time dependence, is incident
with an angle ¢, with respect to the x-axis of the global
coordinate system and polarized in z-direction, i.e.,

ElZ — e—jko(xcos¢o+ysin(po) (1)

where K, is the wave number in free space. The incident

wave can also be expressed in terms of the local
coordinates at the coated strip centers. Upon doing the
transformation and expanding it in terms of the elliptic
wave function, one obtains,
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Fig. 1. Geometry of the problem.
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i — jkccos g,
E, =V8re
0

Z |: (e)(hl) em(hl’é/l)s mehl’nl)smehl’co @01)

(Of(mao (h.)'S ,0h.7)S ,0h.co @,) }
(2)
and
i jkccos g,
E, =V87e ZJ { NE ()
‘]em(hZ’é/z)Sem(hz’nz)Sem(hZ’CO % )
1 3)

+m30m(hz,§2)50m(hz,n2)

So,,(h,,cos ¢,,) }

where

-B, and @y, =0,-B, “)

while Je_ (h,£) and Jo,,(h,{) are respectively even and
odd modified Mathieu functions of the first kind and
order m. Also, Se (h,n) and So (hm) are
respectively even and odd angular Mathieu functions of
order m. N©®(h) and N!”(h) are even and odd
respectively. The Mathieu
¢, =coshu; and

normalized functions,

functions ~ arguments , = K, d,,

M, =cosV, (i=10r 2) where U; and V; are elliptical

I
cylindrical coordinates defined by,

X =d, coshu, cosV,
Y, =d, sinhy sinV, , (6))
z=17 .

The scattered electric field from the coated strips can
be expressed in terms of the local coordinates at the
center of each coated strip. Region (I) is inside the
dielectric coating and region (II) is outside the dielectric
coating. Scattered field from the first strip in region (I) is
given by,

E?=ﬁ;ZA${kMWA)
m=0

(6)
_Je,(H.D

Ne_(H 1) Nem(HpCl)}Sem(Hl,m)
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where Ne_ (h,{) is the even modified Mathieu function
of the second kind and order mH, =kd, and

K =Kk, /1, € » A are unknown coefficients to be

calculated from the boundary conditions. The boundary
condition of the vanishing the tangential component of
the electric field on the conducting strip surface was
satisfied in equation (6).

Similarly, the scattered field from the second strip
inside its dielectric is,

EQ=@;iAf{kaéﬁ
=0 ()
_Je,(H,.D

NemD Nem<H2,§2>}Sem<H2,m>

The scattered field in region (II) from the first and
the second strips are given by,

= \/gi Br(nl) Heg)(hlagl) Se,,(h,m) ¥

m=0

()
E,

and

Ez(ll) =N 8”2 Br(HZ) Her(r?(hzaé/z) Sem(hz,nz) ©))
m=0

where

Hey (h.0) = Je,,(h,0) + j Ne,, (h,0).

In addition Br(;) and B[(n2 ) are unknown coefficients to
be calculated from the boundary conditions of
homogenous tangential components of electric and
magnetic fields at the surface of the dielectric coatings,
ie,

Ei”C E(”) -I—E(”) E(')on dielectric coating (I) (10)

EInc + E(“) + E(”) E“)on dielectric coating (IT), (11)

H\i,:m + H\El”) + H\Ez”) = H\(,]') on dielectric coating (1), (12)

H™ + Hél”) + H\ﬁz”) =H" on dielectric coating (II). (13)

In order to apply the above boundary conditions, one
has to transfer the electric and magnetic field expressions
from one coordinate system to the other. This can be done
using the addition theorem of the Mathieu functions,
namely



393

- From coated strip (2) to coated strip (1),

Hem (aZ>é/2) Sem (82’772) = Z Keq,m‘Jeq (a1,é’l)
a=0 (14)

Seq (a1 s 771) + Z\/\/eq,m‘JOq (ai,gl) SOq (a1 s 771)
q=1

- From coated strip (1) to coated strip (2),

Hem (al s é’l) Sem (a1 7771) = ZGeq,m

q=0

Je, (@, ¢,) Se,(a,,m,) + (15)
qz() Feq,m‘]oq (az,é’z) Soq (azanz)

where

INOg-M o o
Keq,m = () Z(‘j)&p (16)

Dej(a,) De'(a,) Be,,

20 SR S P
M= eaas T

Dej(a) Do'(a,) Be,,

-m »
”(J) ZZ( j)P*S

B = N (a,) S5 (18)
Dej(a,) Del'(a) Ve,

q (&) S (19)
Dej(a,) Dol'(a) Ue,,,

and

Be,,=H} W (kc) cos(pB, —sB,)+

20
(_1) H st(kc) COS(pﬁ] + 5182)’ .

Ues,p =H S}S(kC) cos(pp, —sp) +

2
CDTHY (k) cos(pBs +58).

Applying the boundary condition (11) one obtains,
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— jkccos @y S s —m 1
V8r e ;01 |:Nr(r?)(h|) Je,(h. <)
1
% (hl 771)% (hl,COS¢01)+ (o)(h)

Jo, (M, ,y) S0 (h.m,) So,,(hy,cos é, )]+

V87> BY Hel (h,¢ o) Sen(h,m) +
m=0

\/gi Br(nz) {i Keq,m‘]eq(hl 7§10)Seq(h|5771)
g=0

+ > We, ,Jo, (h. <) So, (hy, 7, )}

g=1
o Je.(H,,1)
-/ 1) J H _mm\ 1S
\/_ﬂ'mZ:OAn { e.(H,¢) Ne_ (H,.l)
Nem(Hlaglo) }$m(H1’771). (22)

Multiplying both sides of equation (22) by
S (H,,n,) and integrating over V, from 0 to 27, one
obtains,

e ]kccosr}ﬁonzo J—” N(e)(hl) en(hlaé’lo)

S, (hy,cos g, )M n,m(h19 H)

+Z Br(11) Her(ll)(hlaé/lo) M n,m(hlﬁ H1)+

n=0

- e (23)
> BY > Ke, e, (N, <) My (h,H)
n=0 gq=0

Je, (H,.])

— AD —
_A‘n { Jem(Hlﬂglo) Nem(Hl,l)

Ne, (H,,¢}) }Nr(ne)(Hl)
where
27
M, m(h,H)= Isen(hl’m)sem(Hlanl)dVl' 24
0

Applying boundary condition (12), one gets,
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Je,(h,, &)

1
N (h,)
J0,,(h,,¢50) S0,(h,,77,) S0,,(hy,co86,,)]

+\/87rz By He\' (h,.¢5) Se,(hy,m,) +

\/_ e]kccost/ﬁ0 z j m|:

N(e)(h )

&m(hpﬂz) Sem(hz,COS¢02)+

ZB(I) {ZGG Je (hzaélzo) S (h2,772)
m=0 gq=0

+ z Feq,m‘]oq(hzoa ¢y) S)q (h,,m, )} =

g=1
- Je (H,,])
3 @ JJe (H,, _Jg,(H,
BrX A, {em< o T}
Ne, (H,,¢5) }Sem(Hz,Uz)- (24)

Multiplying both sides of equation (25) by
S (h,,n,) and integrating over V, from 0 to 2z, one

obtains,

kccos ¢,
eJ ;J N(e)(h) e( 254/20)
Sen(hzacos¢oz)Mn,m(h2’H2)

+Z Br(IZ) Her(wl)(hzaélzo) M n,m(hza H2)+

N S (25)
> B > Ge,,de,(h,,$50) Mg m(hy, HY)
n=0 q=0
Je_(H,.1)
Je (H,, _ om0
{ m( 2 4/20) Nem(H2,])

Ne,(H,,¢5) }fo)(Hz)

where

2z
M (s, Hy) = [ S8 (hy,m,)
0

S, (H,,7,) dv,.

@7

The magnetic field component H y 1s given by,

H, = L o, . (28)

opdg* —n® ou

Employing equation (28) and applying boundary
condition (14) lead to,

e chcos¢0 J—m

Se, () Sey(hy,cosdy,) +

~o o Jenh. )

;
N (h)

Jo:n(hl7§10)3)m(h|9771) S)m(hl ’COS¢01) :|

VBT BY Hel (&) Senlhy i)+
\/gi Br(nz) {i Keq,m"]e(’](hlﬂé,lo) Seq(hn’?l)

+ iweq,m‘]OZJ(hl 74/10)33q(hl ’771) }

Je,(H,.])

87E, | < a0 B
ZAn {Je (Hl’glo) Nem(Hl,l)

My m=0
Nel,(H,,¢,0) }Sem(Hl’ﬂl)-
(29

Again multiplying both sides of equation (29) by
Se (h,n,) and integrating over V, from 0 to 2z, one
obtains,

e Jhecosdo Z Jin (e)(h ) r’1(hl’é/10)
Se, (h,cos4, )M, (h,, H,)

+Z By He” (h.¢,) M, n(h, H )+

w' . (30)
Z B D Key,Je(hy,¢10) My (h, HY)
n=0 g=0
_ e A0 3¢ _Jen(H.D
_\/;A‘n {Jem(Hlagu)) Nem(Hl,l)

Ne, (H,,¢10) }ane)(Hl)
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Similarly applying boundary condition (15), and
employing the orthogonally of the Mathieu functions,
results in,

e ( 2’4/20)
(hZ’HZ)

ejkccos% -n
ZJ N(e)(h )

n=0

$n (h2 ’COS ¢02 )M n,m

+2.BY Hey (h,,8y) My Hy) +

n=0

BU ZGeq,nJe(;(hz,é’zo) M m(hy, Hy)

q=0

Z\/;Af) {Jer'n(Hz’é/zo)_

€2))

gt

Je,,(H,.1)
Ne,(H,,1)

Ne,(H,, <) }ane)(Hz)-
From equations (23) and (30), one can obtain,

kccos ¢, -n
e’ ZJ N(e)(h)sen(hl’cosd)ol)

n=0

Mnm(hl’H1)|:Jen(hl’Clo) —_ Je"‘(hl’glo):|
Z M ’Hl)[ X(H,)

+> B > Ke, M, (h,H)
X(H) Z qz am

[ Je,(h, &) Je(h. <) }

Xm(H)) Xn(H)
(32)
where
Je, (H,.,)
Xn(H)=1Je,(H,, &) ———7——
{ “0) " Ne, () )
Ne,(H,.<))) }Nf)(Hl),
! ! ‘]em(Hlﬁl)
Xn(H) = e 198 (H L Ep) ——————
GH \E{ Hid) = e oD .

Ne, (H,,¢5) }Nrﬁ?(Hl)-
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From equations (26) and (31) one can find out that,

ejkccosd)oz J*” (e)(h ) Sen(h2,005¢oz)

‘]en(hZ’CJZO)
Xn(H5)

z Br(11) z Keq,n M q,m(hzs H 2)|:
n=0 q=0

_ Je&(hzaé/zo)
Xn(H))

Je (h,,
Mn,m(hzaH2)|: _ )2(, (ZHC2)0):|:
m 2
Xn(Hy)
+i532> Mn,m(hZ’Hz) (35)

n=0

[ Hel' (h,.¢)

He (h,.¢,)
X(H,)

Xn(H))

where

><m<H2>={Jem(Hz,czo>—M

Ne_ (H,,l) 36)

Ne, (H,,{y) }Nr(nE)(Hz)a
Xn(Hy) Z\/E{Je:n(Hzagzo) -

Ne;, (H,.¢5) }Nﬁf)(Hz)-

Je, (H,.D

New(HaD) (5,

Equations (32) and (35) can be written in a matrix

form,
(11 (12) 1 1
cay ct {Bﬂ_{zgﬁ} .
21 (22) | 2
C:m,n Cm,n Br(1) Zr(n)
where
Z(l) e jkccos g, -n
m nzo’ N“*)(h)
Je,(h,<y)
S, (h, M H))| el (39)
n(1C0S¢01) n,m(hl 1)|: Xm(Hl)
B Je;(hl,aw}
Xn(H)
)
cin = Mn,m<h1,H1)[—He" (B.<)
Xan(H)
, (40)
_He (h,¢\0)
Xn(H)
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Chl =>"Ke,n Myn(h,H)

i (41)
|: ‘]eq(hﬂé’lO) . Jeq(hlﬂé,lo):|
Xm(H) Xn(H) [
: =, . 1
Z(Z) —_ e]k(:cos¢O -n
" 21 o

Sen(hZ’COS¢02)Mn,m(h2=H2) (42)

Jen(hzaé/zo) _ Jer:(hzaé/ZO)
Xn(Hy)  Xo(Hy) J

Cr(nz,rl]) = ZGeq,nM q,m(hZ’ H 2)
q=0

(43)
{ Jey(hy, &) Je;(hz»é“zw}

Xn(Hy) Xn(H,)
Con =M (0, H,)

Her(11)(hza§20) _ Her(f),(hzaé’m) - (44)
Xm(H>) Xn(H>)

Once we calculate the unknown coefficients the total
scattered field can be calculated from,

£ — Br {z BY Hel) (h.,) Sen(hy.y)
m=0 45)
+Y B Hel(h,,¢,)Se, (h,.7,) }
m=0

The far field can be evaluated using the asymptotic
expansion of He (h, ) which is given by,

He:rl]) (h, C) — 1 ej(hg—(2m+l/4)n) ) (46)

Jnc

If hy is very large it can be represented in terms of
circular cylindrical coordinates, where h{(, =Kk p, and

h,{, =k,p,- In this case the total scattered field is given

by,
_ | 2 i
E; = e™" P(p) (47)
mk,p

Eoa = E;,”) + Egl) = c(kp) P(9),

c(kp)=+/2/mkp e e ™t (48)

P(p) =223 (-))"{BY
Se, (hy.cos(d— f,)e e 1 B (49)
Se, (h,,cos(¢ — B,))e* |

The echo width is,

W) = %| P - (50)

[1l. APPROXIMATE SOLUTION

The approximate solution is based on a technique
that was established by Karp and Russek [8]. Such a
technique considers the scattered field from each coated
strip as a sum of scattered field from that coated strip due
to a plane wave incident plus the scattered field due to a
line source of unknown intensity located at the center of
the other coated strip. The factious line source accounts
in an approximate sense for the multiple scattering
between the two coated strips. In order to apply this
technique one needs to obtain the far scattered field from
one coated strip due to both a plane wave incident and a
line source. In such a case, consider a plane wave given
by equation (1), is incident on a coated strip located at x.

and y=0, the coated strip is inclined by an angle p, on
the x-axis. The conducting strip has a width 2d, and the
coating dielectric constant is g, . The scattered field in the

region outside the coated cylinder can be written as,
E:Y =8r) AHe(h,¢)Se,(h,m) (5D
n=0
while the electric field inside the coating is,

ES) = “8”iBr(1i){ Je,(H;,&) -
n=0 (52)
Je (H,,)

WNen(Hi’gi)}Sen(Hi’ni)'
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Matching the boundary condition gives,

T e jkog; cos ¢, -n
/8 nz;" [N@(h)

S, (h,m;) Se,(h,cosdy) +

'Je (h| > é/m

L
N (h)

Jo,(h,¢,) So,(h.7,) So,(h,cosd, ) }
(53)
V8T S AV HEY (&) Se, (M)

=\/§i33){ Je, (H;, o) -

Je, (H;.])

Ne, (H,.1) Ne"(Hi’foi)}SeAHi,ni).

Multiplying both sides of equation (53) by
Se. (H,,n;) and integrating over V, from 0 to 27,

one obtains,

o ik cosdg -n
> {N(e)(h)

n=0

n(hi’COi)
Sen(hiacosd)Oi)Mn,m(hi sH) }
+ Y AVHE (.0 Mo (B H) =

. Je (H.
B;?{Jem(Hi,;oo—%Hf%

Ne,,(H,, )N (H).

(54)

Similarly matching the boundary condition

corresponding to H,

o ik cosg, -n
> {N(e)(h)

n=0

, one can get,

e\(h.Cy)
Se, (hy.cos gy )M (h . H)+ 5 AD

He (N, Co M (R, H,) = 2, BY 59

Ven(HC) " i)

Nel, (H,, S INS (H).
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From equations (54) and (55), one obtains,

n=

> AP {Heé”(h,é“m)

_ He,’f‘)(h »C0i)
xm(Hi)

Xn(HD)

i . 1
I\/Inm( ’Hi) :_eilk)(icosqjo J_ne—
w( nzz(; N (h)

{Jen(h,50i) ~Je(h.<y) } (56)

Xn(H) Xn(H)
$n(h 5COS¢Oi)Mn,m(h5Hi)

where

><m(Hi)={J<aﬂ<Hi,§m)—M

Ne,.(H,.D)

Ne.,(Hi, ¢oi) }fo)(Hi),

Xn(H) =& { }{ Jel(H,,.¢y) -

Je.(H,,D

/ (e
Ne. (H..1) Nem(Hi,é’m)}Nm (H).

Equation (56) can be written a matrix form as,

P A=Y, (57)

where

Fm,n ={Her(11)(h ’é/oi) _

Xm(Hi)
(58)
r(1)
M}Mnmm,m,
X (H) ’
jkx cos ¢y -n
—-e ;J N(e)(h)
Jen(hi ’é/()i) _ ‘Jen(hl ’é’Oi) (59)
Xn(H) xr’ﬂ(Hi)

$n(hi 7COS¢0i )M n,m(hi s H|)

Once the coefficients are calculated the scattered
electric field in the outer region is given by equation (51).

Since He!(h,¢) = ﬁe“h{’(zm“ 97 and for large hy it

can be represented in terms of circular cylindrical
coordinates, where h(, =k,p,. In this case the total

scattered field is given by,
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Jk|po ©
E(S) (')SB h, |
: \/—Z(;( D"ASe (B
_C(kop|)f(h|9 |a¢|a¢0|)
where
f(hu |’¢|5¢0|) 2”2( J) An)

(61)
Sem(hi ,COS ).

Line source excitation

Consider a line source placed at (x,,

to the coordinates at the center of strip 1 (i =1) or at the
center of strip 2 (i =2), then the z-component of the
electric field due to such a line source can be expressed

as,
inc < % (h':770k)
EM =4 Y —m DU S (h,n
z |:mz_0 N(e)(h-) m( 1977|)
{Je n(h-CoHey (0.6 u> g,
Je (hué’)He(l)(h.aé,Ok) u<u0k (62)
0, (,74,)
NS (h)
Jo,, (h, &y )HOY (h, &) u>uy,
Jo,, (h, & )HOL (0, &) U<ug,

0) with respect

$m(hi ’ni)

where k takes the values 1 or 2.

Cox = (ZO'2‘+IJ

(63)
, ) , 17272

1{ s Xq

Hd—) K J ’
X!

Nox = —= (64)
Cox

v ) )”2 (69

Yo = tan” Rzk_z'}&, (66)
k i

Xok = Sok COSW o Yo = Soi SINWgy.  (67)

The scattered field in the region outside the coated
cylinder can be written as,

E =43 COH (h.C,) Se, (). (68)

n=0

While the electric field inside the coating is given by,

£ =4iDS>{ Je,(H, &)
n=0 (69)
Jen(Hial)

Ne, (H;.1) Ne“(Hi’gi)}Sen(Hi,m)-

Matching the boundary condition gives,

~ % (hlvnOk)
HZ(; N(e)(h) S, (h,m)Je,(h,Cy)

N (h)
0, (h,7,)Jo,(h, <y, )Hoﬁl)(hi »Gok)

+2Cr(1i)He:11)(hi NP NUW/Y

n=0

:iDS’{ Je,(Hi, o) -

n=0

Her(11) (h,Co) +

eH.py 70

Ne,(H,.D)

Ne,(H;,&4i) }Sen(Hiiﬂi)'

Multiplying both sides

S (H,,n;) and integrating over V; from 0 to 27,

of equation (70) by

one obtains,

& Hey (. So)
nzé N7 (h)

M n,m(hi b Hi)+ ZCS) Heﬁll)(hi 7§0i)
pary (71)

Je,(h, <o) Se,(h,mg)

Mn,m(hi’ Hi): Dr(ri){Jem(Hi’é,Oi)

Je (H..,D)
_ m i’ e (H. o N (€) H).
Nem(Hi,l) m( i gm) } m ( l)
Similarly matching the boundary condition

corresponding to H_, one can get,
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S Heral)(hiﬁé/OK)
o N7 (h)

M, m(h,H)+ Zcr(mi) He " (h, <o)
n=0

Je, (h, &) Se, (h,7,,)

(72)
Mn,m(hi’Hi) = Dr(ril){ Jer’n(Hiaé/Oi)_

Je,(H;.])

/ (e)
Ne. (H. 1) Nem(Hi,Cm)}Nm (H,).

Solving equations (71) and (72), one gets,

i 0 He;l)(hiagoi)_Her,l(l)(hi’é/oi)
Xn(Hp) Xn(H)

= Hel" (h, <&,
; Né)Ehg)) (73)
{Jenm,;m) _Je(h,<y) }
Xo(H)  Xp(H))
Sen(hianok)Mn,m(hiaHi)-

n=0

I\/In,m(hi H H|)

Equation (73) can be written in a matrix form similar
to equation (57), where,

2 Hel (h »Gok)
nz(; N (h)

Je,(h.¢w)  Jer(h.dy) (74)
Xy (Hp) Xn(H)
$n(hi=770k)Mn,m(hi’ H|)

Once the coefficients are calculated the scattered
electric field in the outer region is given by equation (51).

jk‘p‘ 0
S (=D"Cyse, ()
\/ P Z;‘ (75)
= C(k0p| )g(h ,¢i aé/ok ’TIOK )’
where

a(h,d,CoksTok) = \/gi(—j)mcr?])
S, (h,cosg).

(76)

Now consider the problem of the two strips shown in
Fig. 1. Assuming a fictitious line source C, at the center

of the first strip and another line source C, at the center
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of the second strip the far scattered field from the first
strip is given by,

E’= C(kopl)[f (hy, %, 8y, 801)

(77)
+ng(h1:¢1a§01a7701)1

Similarly, the far scattered field due to the second
strip is given by,

Es =c(k,p) [ (. %,.8,.0,)

(78)
+ Clg(h2>¢zagozanoz)1

The partial scattered field from the first strip due to
the scattered field from the second strip can be
determined by considering the scattered field from the
second strip as the intensity of a line source at ¢, =—f3,

times the well-known response [8], i.e.,

ES = c(k,p, )[f (hy, %= 5, 8,) (79)
+C,a(h,,=8,.¢070 )]g(hl P15 8025102 )-

On the other hand this partial scattered field is given

by,
E’ =C, c(kop,) 9(h,9,,C0.M0,) - (80)

Using equivalence between equations (79) and (80),
one obtains,

f (hz » X, ’_ﬁ29¢02)

(81)
+C,9(h,,=8,.¢01-10) =C,.

In a similar way one can obtain,

f(h,x,7-B.¢y)+C,

(82)
gth, 7 —B,,¢ 1) =C,.

Solving equations (81) and (82), one can get,

_ Ny, 83
1 Du, (83)

where
Nu, = f(h,x,m—B,,0,)+
f(h, %, =B, 009N, =B, CpsMoy)
Du, =1-9g(h,t—B,,C45Ne)

a(h,,—B,,C>M01)
Nu,

> Du,’

(84)



where

Nu, = f(h,,%,,—B,. ) +
f(h, X, =B, 069, =B, CooMor)
Du, =1-9(h,7 = B,,50:702)
9(hy, =55, 8015 101)-

Once C, and C, are known, one can determine the

z-component of the total scattered field from the two
strips, i. e.,

E; = c(k,p) P(9) (85)
p(g) =e % f (h, X, B.dy)
+ng(h1,¢—ﬂ1,é’02,7702)]+
e[ (hy, %, — By.¢y)
+C,9(hy. 0= B, C o1 100))

(86)

The plane wave scattering properties of a two-
dimensional body of infinite length are conveniently
described in terms of the echo width equation (50).

IV.RESULTSAND DISCUSSION

In the following results the first method is
implemented in all calculations, however every presented
result is checked using the approximate method and a
good agreement is found. Also in all figures the case of
no dielectric coating g =1 is introduced in order to

illustrate the effect of the dielectric coating on the
scattering echo width. The first case is of a plane wave
normally incident on two dielectric coating conducting
strips with B, =B, =0°. As can be seen from Fig. 2 the

forward and backscattering echo widths are increasing
with thin coating of dielectric and decreases as the
dielectric coating increases.

For the second case same coated strips are
considered except in the angles B, =P, =90° is the only

change. The scattering echo width was calculated again
for different thickness which shows that it is increasing in
forward and backward directions for thin dielectric and
decreasing for thick one. The third example has different
geometrical parameter as shown in Fig. 4. The angle of
incidence was taken as ¢ =60°. Again this example

illustrates the effect of the coating thickness in the back
and forward scattering echo width. As one can see from
Fig. 4, the scattering echo width is increasing for thin
dielectric layer and decreases as it gets thick. The forth
example shows the echo width pattern for angles

B, =45° and B, = —45° while b, =90°-
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Fig. 4. Echo width pattern for different coating thickness.
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As shown in Fig. 5 that same behavior can be
concluded for this case. The fifth case is similar to the
forth except that B, =3, =45°. Figure 6 illustrates the
echo width pattern for fifth example, where the thin
dielectric coating produces higher forward and backward
echo width while the thick one produces less echo width
values. In the sixth case different geometrical parameters
were considered where larger strips are considered and
B,=0°, B, =90° while ¢O:60°.The echo width
pattern corresponding to this case is plotted in Fig. 7.

% d,=90° B, =45° d, =0.251

\ ‘ B, =—45° d, =0.250
2c=2.0Mn

375 [ =10 a =025

| €=20 a=028
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s :
= 15}
0.75f

A\

240 300 360

Fig. 5. Echo width pattern for different coating thickness.
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Fig. 6. Echo width pattern for different coating thickness.
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Fig. 7. Echo width pattern for different coating thickness.
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Fig. 8. Echo width pattern for different coating thickness.

Again the same behavior is noticed as previous
cases. In the seventh example a relatively large strips are
considered and the separation between them is also
decreased relative to previous cases. Again the echo
width pattern showed a very slight increase for very thin
coating and then it gets lower as the coating thickness
increases. In the last example new parameters were
introduced in order to show the effect of the dielectric
permittivity on the scattering echo width. As one can see
in Fig. 9, echo width pattern is decreasing with increasing
the dielectric permittivity.
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Fig. 9. Echo width pattern for different coating
permittivity.

V. CONCLUSIONS

Scattering of an electromagnetic wave by two
dielectric coated conducing strips is achieved to study the
effect of the coating on the echo width. It is found that
very thin dielectric coating increases the scattering echo
width in forward and back directions, and as the thickness
increases the forward and backscattered echo width
decreases. It is also found that for a constant thickness the
scattering echo width pattern decreases with the
increasing of dielectric permittivity of the coating.
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