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a b s t r a c t

In this study, electrostatic field penetration through a slot on a conducting half-plane is investigated
based on the Mellin transform and mode matching. To formulate the field behavior by the slotted half-
plane, a slotted conducting wedge with a line charge is considered as an analysis model. A fast
convergent series solution is obtained through the application of eigenfunction expansion and residue
calculus. Numerical computations of the electrostatic field are conducted to demonstrate the penetration
characteristics for the slotted conducting half-plane in terms of the slot dimensions and the position of
the line charge. The computed results are also compared with simulated results.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Electromagnetic wave scattering by a conducting half-plane is a
canonical problem which has been the subject of many previous
studies in diffraction theory [1e4]. Recently, the scattering problem
of a half-plane with slots has attracted much attention, as this ge-
ometry is encountered in practical applications of antenna design
and radar cross-sections [5,6]. The TM and TE diffraction solutions
of a slotted conducting half-plane have been obtained by
combining the Nystrom and Galerkin methods with field equiva-
lence principles [5]. Scattering from a multiply slotted half-plane
has been investigated based on the KontorovicheLebedev trans-
form and by a mode-matching method [6]. Although dynamic field
solutions for various structures of the half-plane have been pre-
sented, a static solution serves as a fundamental component of any
dynamic field. In one study [7], an analysis of the electrostatic field
by a charged half-plane was conducted, demonstrating that the
derived static solution can be assumed as a spatial-harmonic
function in the electromagnetic scattering problem.

The purpose of the present research is to investigate the elec-
trostatic field from a line charge adjacent to a conducting half-plane

with a slot. To complete the mathematical formulations for the
slotted half-plane, a boundary-value problem of a slotted con-
ducting wedge with a line charge is studied using the Mellin
transform and a mode-matching method. Study for the electro-
static field of the slotted conducting half-plane is clearly an
extension of earlier work [8] in which the electrostatic field from a
line charge in a slotted hollow wedge was calculated with the
Mellin transform. Numerical computations of the field behavior for
the slotted conducting wedge and half-plane are performed to
demonstrate the validity of the proposed method.

2. Field analysis

Fig. 1(a) shows the geometry of the slotted conducting half-
plane with a line charge. The width of the slot on the half-plane
is b-a, and the line charge r[, which is parallel to the z-axis, is
located at r ¼ r' and f ¼ f'. In the analysis that follows, the con-
ducting planes are assumed to have a zero thickness and infinite
conductivity. In order to utilize the Mellin transform and mode-
matching method to analyze this slotted conducting half-plane,
we consider the boundary-value problem of a slotted conducting
wedge, as illustrated in Fig. 1(b). Here, the slot angle across the
wedge is defined as a. The total electrostatic potential field in re-
gion (I) (a < f < 2p) is represented as the sum of the primary and
scattered components [8]:
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jIðr;fÞ ¼ jI
pðr;fÞ þ jI

sðr;fÞ: (1)

The primary potential field due to the line charge r[ in the vi-
cinity of the slotted conducting wedge is
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Based on the Mellin transform [9], the scattered potential field
in region (I) is given by
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The potential distribution in the slot (region (II): a < r < b and
0 < f < a) is expressed by a series expansion because region (II) is a
closed region bounded by two perfect electric conductors (PECs):

jIIðr;fÞ ¼
X∞
m¼1

sinðfm lnðr=bÞÞ½Am coshðfmfÞ þ Bm sinhðfmfÞ�;

(4)

where fm ¼ mp/ln(a/b).
In order to determine the unknown modal coefficients Am and

Bm, field continuities are applied at each boundary. First, we employ
Dirichlet boundary conditions at f ¼ a and f ¼ 2p, as

jIðr;aÞ ¼
�
jIIðr;aÞ for a< r< b

0 otherwise
(5)

and

jIðr;2pÞ ¼
�
jIIðr;0Þ for a< r< b

0 otherwise
: (6)

Applying the Mellin transform ð
Z ∞

0
rz�1drÞ to Eqs. (5) and (6)

yields two spectral coefficients:
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where FmðzÞ ¼ ðbz � azð�1ÞmÞ=ðz2 þ f2
mÞ. Next, we employ the

Neumann boundary conditions of
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Multiplying Eqs. (9) and (10) by r�1sin(fpln(r/b)) and integrating

Fig. 1. (a) Slotted conducting half-plane with a line charge and (b) analysis model for
applying the Mellin transform and mode-matching method.

Fig. 2. Magnitude of the potential field on an aperture of a slotted conducting wedge
with different numbers of modes when a ¼ 1.0 m, b ¼ 5.0 m, a ¼ 30� , ε1r ¼ ε2r ¼ 1.0,
r[ ¼ 10�9 C/m, r' ¼ 4.0 m, and f' ¼ 330� .
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