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Errata___________________________________________________________________________________________

Corrections to “Asymptotic Solutions for the Scattered
Fields of Plane Wave by a Cylindrical Obstacle Buried in a

Dielectric Half-Space”

Q. A. Naqvi, A. A. Rizvi, and Z. Yaqoob

Abstract—The purpose of this communication is to point out multiple
errors in a previously published work and to present the erroneous parts
of the work in an error free form. The typographical errors cause serious
problems in the understanding of this interesting and stimulating work. It
is also observed that the plots given in the published paper also contain
errors. Some accurate plots are given for the same data as given in the pre-
viously published work. The plots given in this communication agree very
well with the corresponding method of moments results. Efforts are also
made to extend previous work by evaluating the far-zone scattered field in
the lower dielectric half-space.

Index Terms—Asymptotic diffraction theory, buried object detection,
cylindrical scatterers.

I. INTRODUCTION

The problem of scattering of electromagnetic waves from an
obstacle buried in dielectric half-space geometry has been under-
taken by many authors. The work by Hongo and Hamamura1

is most interesting and stimulating among all of these. Unfortu-
nately, there are many typographical errors in the published paper.
Some of these typographical errors cause serious problems in the
understanding of their work. In this communication, their work
is presented in an error-free form so that interested readers can
easily understand Hongo and Hamamura’s important work. Efforts
are also made to extend their work to calculate the far-zone scat-
tered field expression in region below the buried obstacle. For
convenience, equations and figures in this communication are la-
beled with same equation and figure numbers as given in work
by Hongo and Hamamura and only erroneous parts of the paper
are discussed.

It is important to note that, field plots given in that paper1 cannot be
reproduced by either using erroneous far-zone field expression which is
given in the published paper or far-zone field expression given in this
communication. Therefore, it is concluded that the field plots given
in the paper1 also contain errors. Far-zone field expression is plotted
for the same data as given in the paper1 for the case of a perfectly
conducting circular cylinder using the field expression given in this
communication.
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Fig. 3. Comparison between the zeroth and the first-order approximation.

II. SCATTERING OF A PLANE WAVE BY A STRIP EMBEDDED IN A

DIELECTRIC HALF-SPACE

A. Formulation

Referring to the geometry of scattering problem as illustrated in Fig.
11, the incident, reflected, and the transmitted waves are expressed as
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whereR0 andT0 are the Fresnel reflection and transmission coeffi-
cients, respectively.

B. Imposition of the Boundary Condition

The scattered fields generated by a strip in different regions are ex-
pressed by a superposition of plane waves spectrum in (4)1. The con-
tinuity of Ez andHx at y = 0, and the continuity ofEz at y = �d

yields
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Fig. 5. (a) The effects of angle of incidence on the diffraction pattern when
E-polarized plane wave is incident from the free-space.

Similarly, from the continuity ofHx for jxj � a and the condition
Ez +Et

z = 0 for jxj � a in the planey = �d, the following relations
are obtained:
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In order to reduce dual integral equations (6) and (7) to a matrix
equation, following is the accurate representation of spectrum functions
in terms of unknown expansion coefficients:
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The unknown functionsfei(�) andfoi(�) in terms of expansion coef-
ficientsAem andAom are obtained as
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Fig. 5. (b) The effects of separation between the circular cylinder and
the boundary of the dielectric half-space on the diffraction pattern when
E-polarized plane wave is incident from the free-space.
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It is obvious after observing the unknown functionsf e2
o2
(�); f e3
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andf e4
o4
(�) that the scattered field expression for the half-spacey < 0

may be written as a combination of two terms as given in
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Fig. 5. (c) The effects of dielectric constant of the medium on the diffraction
pattern whenE-polarized plane wave is incident from the free-space.

First termEc
z in (8a) corresponds to the field scattered directly by the

obstacle in the half-spacey < 0. Last termEci
z in the expression (8a)

corresponds to that part of the scattered field which after reflection from
the dielectric interfacey = 0 contributes to the total scattered field in
the regiony < 0.

C. Approximate Solution for the Expansion Coefficients

Matrix equation (11) in the paper1 is written in an error-free form

[Ge][Aem] = To[Jen]� [Me][Aem]

[Go][Aom] = jTo[Jon]� [Mo][Aom] (11)

where [Aem]; [Aom]; [Jen] and [Jon] are the column matrices with
elementsAem; Aom; J2n(� cos�) andJ2n+1(� cos�), respectively.
Matrices [Ge]; [G0]; [Me]; and [Mo] have dimensionsG(2n; 2m),
G(2n + 1; 2m + 1);M(2n; 2m); andM(2n + 1; 2m + 1), respec-
tively. Using the saddle point method of integration, the asymptotic
solution of elements of matrix[M(m;n)] is
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�

2
(13a)

where

Q(�) = Jm(� cos �)Jn(� cos �)

�
� sin � � �20 � �2 cos2 �

� sin � + �20 � �2 cos2 �
(13b)

Pd(D) =

m=1

m=0

(1 + 4D2)(9 + 4D2) . . . ([2m� 1]2 + 4D2)

(�j8kd)mm!

(13c)

C(x) =
�

2x
exp �j x+

�

4
: (13d)

It is important to note that the matrix[M(n;m)] may be written as

[M ] = C(2kd)Pd(D)R(�)[Jn(� cos �)][Jm(� cos �)]T :

Applying the iterative method to (12) in1, the zeroth-order approxi-
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D. Far-Field Expression for the Scattered Field

A far-field expression for the scattered field in region I can be ob-
tained from (4a) by applying the saddle-point method of integration.
Substituting (15) forAem andAom in the far-field expression for the
scattered yields
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In the above equations,f(�0; �) represents the plane wave pattern
function of the diffracted field by an isolated strip in a homogeneous
medium with dielectric constantk. It is important to note that Fig.
21 deals with the physical interpretation of zeroth-order approximate
solution and first-order approximate solution for the scattered field.

Field scattered by the buried cylindrical obstacle in a regiony < 0 is
given by (8a) of this communication. Using the steepest decent method
of integration and substituting the approximate results of expansion
coefficients, the dominant contribution to the far-zone by the buried
obstacle in regiony < �d is obtained as
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III. N UMERICAL RESULTS AND DISCUSSION

The pattern function of a perfectly conducting cylinder of radiusa,
when it is excited by a plane wave at certain incident angle�1, is given
as
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The circular cylinder is placed in a homogeneous medium having prop-
agation constantk.
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In Fig. 3, comparison between the zeroth order approximation and
the first order approximation (both with same definitions as given in the
paper1) is made for the case of a perfectly conducting circular cylinder.
It is seen from this comparison that contribution to scattered field of
term with order(kd)�3=2 is negligibly small. So the contribution of
this term may be neglected to calculate the far-zone scattered field.

Some accurate scattered field patterns for the case of a perfectly con-
ducting circular cylinder are given using the same data as given in the
paper1. It may be noted that the results obtained in this communication
are in good agreement with the results obtained by Naqvi [1] using
method of moments.
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