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Polarizability for a Circular Aperture Near a Conducting Plane
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Abstract

A polarizability for a circular aperture near a conducting plane is derived. The Hankel-transform and mode-matching is used to obtain
a simple series solution. The presented series solution is fast convergent so that it is very efficient for numerical computations.
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I. Introduction

The polarizability is an useful concept to estimate low-
frequency field penetration into a aperture. The polarizability for
a circular aperture in a conducting plane has been studied in
[1]1~[4] due to its application in electromagnetic inteference and
compatibility. It is of theoretical interest to investigate the
behavior of field penetration into a circular aperture when a
charged conducting plane is placed close 10 a circular aperture.
In this paper, we will derive a polarizability for a circular
aperture that is placed near a conducting plane. We obtain a
fast-convergent series representation for the polarizability for a
circular aperture by using the Hankel transform, which was used
in [4].

1. Potential Representations and Numerical Computations
A circular aperture in a thick conducting plane at zero

potential is placed near a conducting plane at potential V(see
Fig. 1).

Region (i)

Region (1)

Fig. 1. Problem geometry.
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The electrostatic potentials in region (I), (II), and (III) are
represented as
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where the constant &, is determined by Jo (k. @) =0.

The boundary conditions on the field continuities at z=h, 0,
and —d require
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A
0,r>a &)
O (5 —d) = {fb” (r-d)r<a
0,r>a (6)

Applying the Hankel transform to (4) through (6) yields
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where
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The continuity condition
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is rewritten as
()-8 )]
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Multiplying (12) by Ju(ks"1)r, integrating with respect to r
from 0 to a, we get
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where
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Similarly from the continuity conditions at z= -d we get
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a
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where
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A set of simultaneous equations (13) and (15) can be solved
numerically for the modal coefficient 5, and c,. When the
conducting plane at z=h is removed h—>o, (12) and (15)
reduces to (2.10) and (2.13) in [3]. The electric polarizability is
given by

x(2) = 47rj: &7 (r,2)rdr

= 47m2[bn sinhk, (z +d) +c, coshk, (z + d) [, (k,a)/k,
17

To check the accuracy of our formulation, we plot the

normalized polarizability x'(2) =1"|_3)((Z)/ 803J for the circular
aperture at z=0 and —d in Fig. 2 and Fig. 3, respectively. The
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Fig. 2. Normalized polarizability as a function of d/a at 2=0
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Fig. 3. Normalized polarizability as a function of d/a at =
=-d (Vih=1).

number of modes » used in our computation is 6, indicating that
our series solution is rapidly convergent. In Fig. 2, our result for
w/a>1 approaches the result of [3]. As the spacing between
parallel conducting planes decreases to #/a=0.01, the polariza-
bilities become independent of d/a, approaching In(3x%/4a).
In Fig. 3, our result for //a>1 agrees well with [3] irrespective
of the size of d/a. This means that the multiple reflection
between two parallel conducting planes at z=0 and h may be
ignored in the polarizability computation as long as Wa>1.

[I. Conclusion

The polarizability for a circular aperture near a conducting
plane is investigated. The simple series solution is obtained
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using the Hankel transform and mode matching. The presented
solution converges rapidly so that it is very efficient for numeri-
cal computation.

The effect of a spacing between two parallel conducting
planes is discussed.
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