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INTRODUCTIDN

Electromagnetic transmission into a conducting body
through an aperture has been solved recently in [1] using the
method of moments. In this paper, we solve a similar prodblem,
vhere an inhomogeneouly loaded, open cavity is under external
excitation. While a surface type method of moments solution
alone is not possible, we combine the finite element method
with the method of moments [2]. To avoid the occurance of
possible nonphysical solutions [3], the class of tangentially
continuous finite elements, or ‘‘edge" elements, and the
consistent boundary elements are used. A representative
example, where an open-ended cylindrical cavity is under
external excitation, is given.

BASIC FORMULATIONS

The problem under consideration is to find the
electromagnetic field scattered from and transmitted into an
open cavity. The cavity wall, §, and the aperture, S,, are
assumed to be of arbitrary shape. The interior of the cavity,
Q, is characterized by (uoft.(F),€é-(F),5(T)), where po and ¢ are
free space permeability and permittivity, respectively. Since
the cavity contains different materials, I is used to denote
spatial dependence. The relative permeability, relative
permittivity and conductivity are assumed to be constant,
symmetric tensors in each material. The electric field, E,
inside the cavity satisfies a curlcurl equation. To seek a
finite element solution, the following weak form is preferred:

JiiA (jw:op,v x E) ( xWn)d2 + [ [ [ joeat(F)E - Wndt

= //.(ﬁxﬁ).w,"ds, (1)

where W, are any set of real vector weighting functions. The
weak form (1) requires a non-local specification of the
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tangential component of H on the surface S,. This information
is available in the following surface representation:

. . P 1 =
%E = E" - ju(K, +K,) - V(Ua+U) + —V x Fo. @)
o
Potential functions appearing in (2) are defined by
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where J =Ax H. Thus, a complete solution is achieved by
coupling the two integral forms, (1) and (2).

IMPLEMENTAION USING ‘‘EDGE"™ ELEMENTS

It is well known that a node-based finite element solution
of (1) may include nonphysical solutions. With the
tangentially continuous ‘‘edge" element used, nonphysical
solutions can be deleted [3). Let B in each element be
expanded as

M
E=) E.W%,, W, are vector shape functions, (6)

n=1

equation (1) yields a matrix equation:

el al) o

where subscripts ¢ and a refer to interior and aperture edges
in the finite element mesh, respectively.

Corresponding to Whitney form-I elements or ‘‘edge"
elements, there exist Whitney form-II elements or ‘‘facet"
elements, which have a continuous normal component across a
facet. To model surface currents J and M, the corresponding
boundary elements are defined as the limiting case of ‘‘facet”
elements, which have a continuous component along the
transverse direction of edges. By representing j; as

N
J. = Z J.f,, f, are vector shape functionms, (8)
n=1
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and E by (6), and testing the surface representation (2) with
f., a matrix equation is obtained:

[ 21 e l{B - o

where subscripts a and s refer to edges on S, and S in the
boundary element mesh, respectively. From (9), one obtains

[Cae + CasC}Cu) Ja = DuaEo — BT + CulCIE, (10)

which can be readily coupled to the finite element equation
(7). The.induced electric current on S is then computed by
J, = C}-Cids — E.

The commonly used ‘‘edge" elements are either tetrahedral
or hexahedral elements, and the corresponding boundary elements
are triangular or quadrilateral elements. The shape functions
do not have to be linear. The element shape can be
curvilinear. However, each edge must have two degrees of
freedom to obtain a non-constant variation for the tangetential
and transverse components along that edge. The simplest case
is the linear tetrahedral-triangular model as used in [2],
where singularities invloved in the boundary intergals are
easier to work out. The matrix in the global system is a
large, sparse, symmetric one imbeded with a relatively small,
dense, non-symmetric submatrix. With the symmetric portion
stored in a compact scheme, a Bi-congujage gradient method is a
perfect choice for solving the system.

REPRESENTATIVE EXAMPLE

To show that the above procedure is correct, consider an
open-ended cylindrical cavity illuminated by an axially
incidenct plane wave. The cavity has a radius kpa=1, and a
height L =1.0A. The interior of the cavity is discretized by
3200 tetrahedra (total 4200 edges). Fig. 1 shows the
triangular meshes (448 triangles, 672 edges) for the aperture
and cavity surface. Fig. 2 shows the computed electric
current (circles) on the cavity surafce, compared with the
results (solid line) provided in [4].
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Fig.2 Surfce electric currents.
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