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1. Introduction

The analysis of electromagnetic scattering by open-ended structures plays an important role in radar
cross section (RCS) prediction and reduction. As a fundamental open-ended scatterer, a parallel plate
waveguide cavity is considered analytically and numerically [1]-[3]. This paper shows a numerical
analysis of an electromagnetic scattering by a parallel plate waveguide cavity whose interior region is
separated into two areas by inserted plates (Fig.1). The left-hand side cavity is filled with a material
whose constant is expressed by (&, 4, ). The constant in other two regions, the right-hand side cavity
and the outside of the cavity, is (&,, 4, )- Our goal is to clarify RCS characteristics for the internal
coupling problems between two areas. In our previous work for the case without material
loading [4][5], we discussed the dependence of the RCS characteristics on the size of the iris and the
position of the iris. In this paper, the further investigation for the F -polarized case and
the H -polarized case is carried out and we will show the resonant properties more clearly for
changing the material constants. The analytical technique is the Point Matching Method (PMM) taking

into account the edge condition of the conducting rectangular walls [3]-[5].

2. Formulation

A parallel plate waveguide cavity is assumed to be uniform along the z -axis (0/0z = 0) with the

cross section of 2ax2b as shown in Fig.1. The internal area is divided into two regions by
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Fig.1 Geometry and coordinate system of Fig.2 Separation of a physical space for PMM

a parallel plate waveguide cavity with an iris
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the plates which are placed at x=d and b—w<|y|<h. The rectangular cylinder wall and inner
plates are assumed to be infinitely thin and perfectly conducting. The following formulation shows an
example for the H -polarized case. The time dependence is assumed to be exp(jwt)and suppressed
throughout the formulation. The incident plane wave impinges on the scatterer with the angle of
incidence ¢, (Fig.1). Considering the symmetry of the scatterer about x -axis, we can decompose the
incident wave into the even-phase component ( p=0) and the odd-phase component ( p=1).
Therefore, the incident wave H'"[p]can be expressed by :

H[p]=1/2[exp{jkr cos(0 - ¢,)} +(=1)" exp{ jkr cos(6 +¢,)}] (1)
where k:=w\/g,1, . &,: permittivity of the vacuum, g, : permeability of the vacuum.
It suftices to consider the electromagnetic fields in the upper half side of the plane (0 <8 < 7).

In our PMM, the most important matter is to decompose the whole physical space into a finite
number of sub-domains in which electromagnetic fields can be expanded by a sum of the
separation-variable solutions of Helmholtz equation. In order to accomplish this purpose, the eight
regions in Fig.2 are introduced for the scatterer. We cite the following examples, regions S, and
SRl , to show how to divide the physical space and expand electromagnetic fields.

(A) Region S, : Outside the circle C|
The scattered wave H_f“")[p] , satisfying Maxwell's equations and the radiation condition, is
approximated by a finite sum of modes in the cylindrical coordinates O(r,8):

N-1
HY[p]= ZA},”)H,(,Z)(kr)cos[nQ—12[-19] )

n=p
N : the truncation mode number, H'*(s): Hankel function of the second kind of order #.
(B) Region S, : Left-hand side cavity (—a<x <d,|y|<b)

The magnetic field Hﬁf‘y’“)[p] can be expanded by using the waveguide mode:

L1
HE p] - {Béﬁzpcos{ygzz,,ma>}C°S{(2—”§f£(“’”H "V
n=0
, (Y
7,(,1) = kl-_(g) . k= oyen W

Definition of the other regions and their electromagnetic fields are given by the same method in
Ref [4]. All the expansion coefficients in the regions are determined to satisfy the continuity

conditions at sampling points which are placed at almost same intervals on the boundaries.

3. Numerical Results
Resonant characteristics which depend upon materials embedded in S, are investigated.
Geometrical parameters of the scatterer are b/a=1.0, d/a =02, w/b=0.9 and the following
material constants, &, (:=¢&,/&,) and y, (:= 1,/ 4, ), are assumed:
(M) €,=4.0, u,=1.0: solid line
(M,) &.=2.5, p,=1.6: dotted line
(M;) €,=2.0, pu,=2.0: dashed line




(M,) &=1.0, p,=4.0: long-dashed/short-dashed line
Refractive indices for these constants have the same value of W (=2.0). Therefore we may expect
that all the resonant frequencies are the same and half of that for the empty case.

Figure 3 shows the resonant characteristic of £}, which is assigned as the same as the waveguide
mode in SRl . From the numerical result for the £ polarized case, we find slight differences of resonant
frequencies among four materials. The resonant frequency for the case of M, is half of that for the
empty case. Decreasing &, from 4.0 to 1.0, the resonant frequency is slightly shifted to higher in ka .

Figure 4 is a plot of the electric field distribution of £, inside the cavity. The electric field is
mainly concentrated in SR1 , but we can clarify the internal coupling through the iris. For this
type of resonance, the resonant frequency depends upon material constants even when the refractive
indices have the same value.

Figure 5 shows the RCS in the range of ka=2.03 —2.06 to investigate the resonant characteristic
of E,,. This property is different from that for [ . All the resonant frequencies have the same
value. It means that we can not estimate the constitutions of the materials whose refractive indices are
the same. To explain the reason for this characteristic, we show the electric field distribution in Fig.6.
From the figure, the internal coupling between two cavities is so weak that the electric field is
observed only in .S, and is subject to the physical condition of S, .

Figure 7 shows the RCS in the range of ka=0.10—-0.40 to investigate Helmholtz resonance
(H ) which is a characteristic phenomenon only for the H polarized case. The peak for the case of
M, is observed at ka=0.20 which is half of that for the empty case. Decreasing 1, from 4.0 to 1.0,
the resonant frequency is shifted to higher in k@ and the peak becomes smaller.

Figure 8 is a plot of the magnetic field distribution of /{1, inside the cavity. The distribution is
totally different from those of £ | in Fig.4 and F, , in Fig.6. The amplitude is almost uniform both

internal regions and the internal coupling is strong through the iris.

4. Conclusion

In this paper, we showed the RCS of a material loaded parallel plate waveguide cavity with an iris.
The numerical technique was the point matching method taking into account the edge condition for the
conducting enclosure. We discussed the dependence of the cavity resonance on the materials

embedded inside the cavity and they were clarified in terms of the internal coupling through the iris.
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