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1. Introduction

The problem of diffraction by a metallic strip in composite media is an important subject
in diffraction theory and it is relevant to several engineering applications. Although electro-
magnetic diffraction by strips and slits has been extensively studied by several authors fol-
lowing different analytical and numerical methods, almost all works are limited to the case
where the strips and slits are located in a homogeneous medium. The diffraction by a slit in
a perfectly conducting plane screen between two media has been investigated by Butler and
Umashankar [1] based on numerical solutions of integral equations and by Hongo [2] using the
Weber-Schatheitlin discontinuous integrals. Van Splunter and van den Berg [3] analyzed the
diffraction by a perfectly conducting strip residing in the plane interface between two media
using the spectral theory of diffraction. In [4], we have employed the Wiener-Hopf technique to
solve the E-polarized plane wave diffraction by the same geometry as in [3], and clarified the
secondary diffraction characteristics within the framework of ray optics. In our recent paper
[5], we have re-examined the same problem as in [4] to derive lateral wave contributions and
uniform asymptotic expressions for the diffracted field.

The purpose of this paper is to analyze the diffraction problem involving the same geometry
as in [4,5] for H-polarization and compare the high-frequency diffraction characteristics with
the results of the case of E-polarization. Applying the boundary conditions to the integral rep-
resentations for the unknown scattered field, the problem is formulated in terms of the modified
Wiener-Hopf equation (MWHE), which is reduced to a pair of simultaneous integral equations
via the factorization and decomposition procedure. The method of successive approximations is
then applied, and the first, second and third order asymptotic solutions of the integral equations
are derived explicitly for the strip width large compared with the wavelength. Taking the inverse
Fourier transform and applying the saddle point method, the high-frequency scattered far field
expression is derived. Illustrative numerical examples of the bistatic radar cross section (RCS)
are presented and the far field scattering characteristics are discussed in detail by comparing
with the results of the case of E-polarization. Since the solution technique is similar to that for
the E-polarized case [4,5], the analytical details will be omitted in the following.

The time factor is assumed to be e~*** and suppressed throughout the paper.

2. Wiener-Hopf Analysis of the Problem

The geometry of the problem is shown in Fig. 1, where u’(= H}) is the incident plane wave
of H-polarization, and the perfectly conducting strip occupies the region {(z,y,z)| 0 < z <
I, y=0, 2 € (—00,00)}. The upper (y > 0) and lower (¥ < 0) media are characterized by the
relative permittivity /permeability (ey, g1) and (€2, p2), Tespectively. The wave numbers for the
regions y > 0 and y < 0 are denoted by k(= w,/e1j1) and kao(= w./e2p2), respectively.

Let the total magnetic field u7(z,y) [= HY(z,y)] be

i R —iky(z cosfo—ysinfg) >0
WT(a,g) = ul(z,g) 4 L DR Y ()
Te-kag(: cos 8y +y sm@l)’ y< 0
with ) ) )
u‘(:c,y) — e—;h(z cos @p+y sin Oo)’ 00 c (0, 7r/2) (2)
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Fig. 1. Geometry of the problem.

_ €akysinfp — eykasin b,
€oky sin by + €,kosin 8,

T=R+]1 (3)

In Eqs. (1) and (3), 8, is the transmission angle defined by k, cos g = k3 cos #,. Our problem is
to solve the two-dimensional Helmholtz equation for the scattered field u*(z,y) by enforcing the
boundary conditions as well as the radiation and edge conditions. For convenience of analysis,
we assume the media to be slightly lossy as in k2 = Re(k;,2) + ilm(ky,2) with 0 < Im(k;) <
Im(kz) & Re(km).

In view of the radiation condition, »’(z,y) is expressed by using the unknown spectral
coefficients A(a) and B(a), as in

oo+tic ) .
/ A(a)er@w—iaz jo y>0
w(z,y) =4 F (4)
/ B(a)e~3(elv=ioz g ¥<0
—oo4ic

with |¢| < Im(k;), where v; o(a) = /k?, — a? with Im [, o(a)] > 0. Taking into account the
. 1,2 '

boundary conditions on the strip and the material interface, the problem is formulated in terms
of the modified Wiener-Hopf equation (MW HE) satisfied by the unknown functions P(a) and
Fy(a)asin

P(a) ol T & . e:’l(a—kl cosfo) _ 1
—_ . ' = — —ky sin § — 5
K(a) + F(a) + e Fy(a) 2mieg kasin 6, a — ky cos g )

for [Im(e)| < Im(k,;), where

A@) = B@) =~ g3 K(@) = o5+ 2 (6)
F_(a) = % /_ om #*(z, +0)ei®* dz (7a)

Fy(a) = ;; /; " w(z, +0)e D gg (7h)
P)= - [ @) (7¢)

It follows from the radiation condition that F;(a) and F_ () are regular in the upper (Im(a) >
Im(—%;)) and lower (Im(a) < Im(k;)) halves of the complex a-plane, respectively, while P(a)
is an entire function. The function Jf°)(:r) corresponds to the surface current on the strip.
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Applying the factorization and decomposition procedure, the MWHE is reduced to a pair of
simultaneous integral equations. The integral equations are solved asymptotically for large strip
width via the method of successive approximations leading to the first, second and third order
solutions. The high-frequency scattered far field expression is derived by taking the inverse
Fourier transform and applying the saddle point method. The results show that the first order
solution leads to the geometrical optics field, the singly diffracted field and the lateral waves,
while the second and third order solutions correspond to the doubly and triply diffracted fields,
respectively. It should be noted that the diffracted field in our analysis is uniformly valid in
incidence and observation angles.

3. Nlustrative Results and Discussion

In this section, we shall present numerical examples of the bistatic RCS to discuss the far field
scattering characteristics of the strip. Let (p,¢) and (r,%) be cylindrical coordinates defined
by z = pcosd, y =psingand 2 —l =rcospp, y=rsinp for - r < ¢ <wand -7 <P < 7.
Figures 2 and 3 are numerical results of the bistatic RCS as a function of observation angle
#(= ¢), where o /X denotes the normalized RCS for the total scattered field and o, /A for n = 2
and 3 denote the normalized RCS for the second and third order scattered fields, respectively,
with A being the free-space wavelength. We have also plotted the results for the E-polarized case
(5] to enable comparison between two different polarizations. In these examples, the strip width !
is 10, and the incidence angle 85 has been fixed as 45°. The relative permittivity ;, €2 and the
relative permeability g, po for numerical computations are £, = 1.2248, €o = p; = pp = 1.0
in Fig. 2, and &5 = 1.2248, &; = py = po = 1.0 in Fig. 3.

We see from the figures that main lobes for the total scattered field are located at ¢ =
135°, —141° in Fig. 2(a) and ¢ = 135°, —130° in Fig. 3(a). It is clear that the peaks at
¢ = 135° and ¢ = —141°, —130° correspond to the shadow boundaries of the reflected and
transmitted waves, respectively. On comparing the characteristics of the second and third order
scattered fields for E and H polarizations in Figs. 2(b), 2(c), 3(b) and 3(c), the maximum level
of the bistatic RCS for the second and third order scattered fields for the E-polarized case is
about 25 dB and 55 dB lower than that for the H-polarized case, respectively. The second and
third order scattered fields correspond to the doubly and triply diffracted fields, respectively and
hence, it is inferred that the effect of the higher order scattering depends on inverse powers of
ky,2l. Carrying out non-uniform asymptotic expansions, we can show that the second and third
order scattered fields are, respectively, O((ky20)~/2) and O ((k1,21)~3/?) for the E-polarized
case and O((k;2)~%/2) and O ((kl,gl)"’/?) for the H-polarized case, as ky ! — oco. If we
compare the results for F and H polarizations, we see that the higher order scattered fields for
E-polarization are 1/ times weaker than that for H-polarization. We shall now make somewhat
more detailed investigation on the higher order scattering characteristics. It is observed from
Figs. 2(b) and 2(c) that the bistatic RCS for the second and third order scattered fields gives
spurs at ¢ = 25.4° and 154.6°, which are shown to coincide precisely with the calcnlated values
of the critical angles of the total reflection. It is therefore confirmed that the higher order
scatiered field is affected by the lateral waves. The spurs at ¢ = —25.4°, —154.6° in Figs. 3(b)
and 3(c) may be interpreted in the same manner as above.
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Fig. 2. Bistatic RCS for
(e1, m1)=(1.2248,1), (22, ma)=(1,1).
Solid and dashed lines denote the results
for H and E polarizations, respectively.
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Fig. 3. Bistatic RCS for
(61 ) ):(l, 1), (51, p7)=(l.2248.l).
Solid and dashed lines denote the results

for H and E polarizations, respectively.



