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Scattering by a PEC wedge on a Dielectric substrate

V.G. Daniele* G. Lombardi'

Abstract — A perfect electric conductor wedge lying on a dielec-
tric half-space is analyzed, in the frequency domain. The struc-
ture is excited by a plane wave coming from the free space region.
The problem is formulated using generalized Wiener-Hopf equa-
tions and an approximated solution in terms of spectral quantities
is proposed by discretization of Fredholm integral equations. Nu-
merical results for several geometries will be presented and dis-
cussed at the conference.

1 INTRODUCTION

The evaluation of the electromagnetic field in a phys-
ical structure constituted by a perfect electric conduc-
tor (PEC) wedge lying on a dielectric half-space is an-
alyzed, see Fig. 1. The PEC wedge is with a face tan-
gent to the dielectric half-space and with aperture angle
(m — ®.) while &, > 7/2.

Without loss of generality, the structure is illuminated
at normal incidence by an E-polarized plane wave (1)
coming from the free space region (upper half-space)
with direction ¢, (0 < ¢, < ®.) and with propagation
constant k, = w/Ji, €, (free space permittivity €, and
permeability p, ).

E; — Eoejku pcos(p—po) (1)

The lower half-space is constituted by a dielectric
region with permittivity € = €,¢, and permeability
W= Holbr.

Apparently, the literature on this problem is very
poor. Particular cases of a wedge immersed in a strat-
ified medium were studied by Bertoncini and al. [1]-
[2] by using the Uniform Theory of Diffraction (UTD).
However the application of this method is limited to
edges not close to the stratified regions.

Our approach is based on a formulation that uses the
generalized Wiener-Hopf equations developed in [3]-
[14] for different kind of wedge problems, i.e. scat-
tering and diffraction by impenetrable wedge and pen-
etrable wedge illuminated by plane waves at normal or
skew incidence.

This technique has been recently extended to investi-
gate wedge over a stratified medium [15]. The aim of
this summary paper is to successfully introduce the ex-
tension of the application of Wiener-Hopf techniques to
the present problem.

Since closed form solutions of classical Wiener-Hopf
equations (CWHE) and generalized Wiener-Hopf equa-
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Figure 1: Perfect electric conductor (PEC) wedge aper-
ture angle (m — ®.) lying on a dielectric half-space and
illuminated by a E-polarized plane wave at normal inci-
dence with direction ,,.
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tions (GWHE) are possible only for a small class of
problems, we have introduced a semi-analytical method
based on the reduction of CWHE and GWHE to Fred-
holm integral equations (FIE) [15]-[19]. This technique
allows to obtain solutions for more general problems
and we intend to apply it in the present problem.

2 FORMULATION

With reference to the problem described in Fig.1, we
only consider time harmonic electromagnetic fields
with a time dependence specified by the factor
exp(+jwt) which is omitted.

Following the procedure presented in [15] we for-
mulate the problem in terms of radial transmission line
[3],[20],[6] in the upper free-space region and in terms
of longitudinal transmission line in the lower dielectric
region.

We define the following Wiener-Hopf spectral un-
knowns (Laplace transform) in the 7-plane respectively
for the upper region (y >0, 0 < < d.)

Vi(n, @) = [ E-(p,p)e?Pdp
(2)

E
Li(n,p) = [ Hy(p,p)el"Pdp

O —=go—g



and for the lower region (y < 0)

on(y) = [ Eu(e,y)e*da
S | 3)
in(y) = | Ha(z,y)ein*da

— 00

In particular we define the axial unknowns

Vi(n) = V+(77a p=0)
Ii(n) =1+(n,p=0)

whose physical support is the boundary between the
free space region and the dielectric region.

By recalling the boundary conditions on the PEC
and dielectric faces, the radial transmission line mod-
els electromagnetic problems in angular domains as
(y>0,0 < ¢ < ®.). From the analysis of the the
transmission line we obtain the following GWHE

YeVi(n) = Ie(n) = —Lot(—m) “)

where
Yc:ﬁ
§=&m) =Vko' =P =1,
m = —ncos P, + £sin P,

The longitudinal transmission line models electro-
magnetic problems in stratified medium as in particular
the dielectric region (y < 0). From the analysis of the
the transmission line we obtain the following CWHE

YaVi(n) + I4(n) = —1-(n) 5)
where
Ya = kfdzd
E=¢m) = Vs —n?
ki = kov/Er

3 STEPS FOR THE SOLUTION

Starting from the system of Wiener-Hopf equations (4)
and (5) we apply a generalized version of the Fredholm
factorization method [16]-[19] as reported in [15]. It
yields (6) and (7), reported in the next page, where f ()
is a source term extracted from the Wiener-Hopf un-
knowns as offending pole and it is related to the Geo-
metrical Optics field (GO).

Since (6) and (7) are a system of Fredholm integral
equation, their numerical discretization yields fast con-
vergent solutions [21] in terms of Vi (n), I (n). If
one is only interested on the spectrum of V. (n), we
can eliminate I, (n) by substitution yielding a single

integral equation with V. (1) as unique unknown. The
properties of convergence are unaffected.

From V7 (n), using the inverse Fourier transform and
asymptotic evaluation, it is possible to obtain the GTD
diffraction coefficient and the total far-fields for the
problem under examination.

4 CONCLUSION

The method proposed in this summary paper shows the
possibility of the GWHE technique to solve the problem
of evaluating the electromagnetic field of a perfect elec-
tric conductor wedge lying on a dielectric half-space.
Skew incidence case will be considered in future works.
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