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a b s t r a c t

In this article, Kobayashi potential method has been used to investigate scattering from an impedance
strip embedded in a homogenous isotropic chiral medium. The discontinuous properties of the Weber-
Schafheitlin's integral have been applied to incorporate the edge conditions. A set of matrix equations are
obtained, using the projection properties of Jacobi's polynomials, and solved for unknown expansion
coefficients of the fields. Monostatic and bistatic scattering widths have been determined for left and
right handed Beltrami field excitations. Effects of variation in values of chirality, incident angle, im-
pedance and width of strip on scattered fields have been investigated. The numerical results of the
scattered fields have for various parameters have been produced for comparison.

& 2014 Published by Elsevier B.V.

1. Introduction

The scattering of electromagnetic waves is an important area of
research because of its myriad and promising applications in
atomic physics, geosciences, remote sensing, radar theory, and
optics [1–9]. It may be noted that the strip is used as a basic ele-
ment in the formation of gratings. Scattering from spherical par-
ticles and diffraction from gratings are two well-known problems
in optics [2–5]. A vast volume of research has surged in this field
and numerous techniques have been developed to analyze a
variety of scattering problems [10–30]. Some of the well-received
techniques are the Physical Optics (PO), Physical Theory of Dif-
fraction (PTD), Wiener-Hopf (WH), Geometrical Theory of Dif-
fraction (GTD), Method of Moment (MoM), T-Matrix, and Mal-
iuzhinet Method etc.

Iwao Kobayashi introduced yet another method to deal with
diffraction problems. The attractive feature of the method is that
the formulation satisfies both edge and boundary conditions si-
multaneously by use of the Weber-Schafheitlin's discontinuous
integrals. Kobayashi used the proposed method to investigate the
problem of an electrified conducting disk [31]. Later on, the
method was named as Kobayashi potential (KP) by Sneddon [32].
In the KP method, Eigen function expansion approach is used in
the spectral domain similar to MoM but with different formulation

[33]. In contrast to MoM method, which is based on integral
equations, the KP method is based on dual integral equations [34].
The KP method has been applied in several scattering problems
[35–47]. In this investigation, Kobayashi potential method is em-
ployed to solve the scattering problem for an impedance strip
embedded in isotropic chiral medium. An impedance strip in free
space using physical optics theory has been recently treated by
[48].

A chiral medium is an optically active medium which has at-
tracted many researchers because of its promising applications in
the field of antenna [49–51], radar [52] and waveguide design [53,
54]. Recently, propagation of electromagnetic waves through op-
tical waveguide containing chiral nihility metamaterial has been
reported [55–57]. A chiral medium can be described by a set of
constitutive relations in which electric and magnetic fields are
coupled and coupling strength of the fields is described by mag-
nitude of the chirality admittance. Chiral materials may be used to
coat objects in order to control the scattering properties of objects
as they offer an extra degree of freedom in terms of the chirality
parameter [58].

An isotropic chiral medium in Drude–Born–Fedorov re-
presentation is characterized by the following constitutive rela-
tions [59]:

D E E (1a)ε ε β= + ∇ ×

B H H (1b)μ μ β= + ∇ ×

Here D and B are electric displacement and magnetic induction,
respectively. Scalar parameters ,ε ,μ and β are the permittivity,
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permeability and chirality of the isotropic chiral medium, respec-
tively. In this paper, time dependence of electromagnetic fields is
taken as j texp( )ω− . Electromagnetic fields in chiral medium may
be written in terms of Beltrami fields as

jE Q Q (2a)1 2η= −

j
H Q Q

(2b)1 2η
= − +

In Eq. (2), Q1 and Q2 are left and right handed Beltrami fields,

respectively, and /η μ ε= is the impedance of the isotropic chiral
medium. Beltrami fields are known as fields which satisfy the
following relations:

Q Q
(3a)

1
2

1
2

1
2

γ∇ × = ±

Q. 0
(3b)

1
2

∇ =

where upper and lower subscripts are for left and right handed
Beltrami fields, respectively. Wave number k k/(1 )1γ β= − is asso-
ciated with the left handed Beltrami field whereas the wave
number k k/(1 )2γ β= + is associated with the right handed Bel-
trami field and k ω εμ= .

2. Formulation of the problem and KP method

An impedance strip of width 2a having negligible thickness is
placed in an isotropic chiral medium. It is assumed that the strip is
infinite along z-axis. Upper and lower surfaces of the strip have
impedances Z+ and Z−, respectively. The incident electric field is
written below

( )
( )

j x j y z Q

j j x j y z Q

E sin cos

sin cos (4)

inc
o o z
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o o z
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ϕ ϕ
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where Q z
inc
1 and Q z

inc
2 are the longitudinal components of the left

and right handed Beltrami fields, respectively, and are given as

Q P e
(5)

z
inc

j cos x y
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( sin )a
2

a a1 0 0
=

γ ϕ ϕ− +

Here, x x a/a = , y y a/a = and normalized wave numbers are
aa1 1γ γ= , aa2 2γ γ= . Longitudinal component of the incident left and

right handed Beltrami fields have amplitudes P1 and P2, respec-
tively, and both fields are making angle 0ϕ with positive x-axis of
the Cartesian coordinate system. Scattered Beltrami fields from an
impedance strip with unknown weighting functions are assumed
as
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where g h( ) ( )c s1
2

2
2

ξ ξ− are unknown weighting functions and these

weighting functions will be determined by imposing boundary
conditions. Related boundary conditions for electric and magnetic
fields are as follow:

E Z H x, 1 (7a)z
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y x
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y a0 0a a
| = − | ≤= + =+ +

E Z H x, 1 (7b)z
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y x
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E Z H x, 1 (7c)x
tot

y z
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E Z H x, 1 (7d)x
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y z
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tot
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In the above equations, ‘tot’ stands for total field. Edge condi-
tions for an impedance strip are

E H O x, (1), 1 (8)t t a→ →

here ‘t’ stands for tangential components. Following equations
with unknown weighting functions are obtained by applying
boundary conditions (7a)–(7d)
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By using boundary conditions (7e)–(7h), we obtain the fol-
lowing set of equations:
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