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ABSTRACT

In this paper we investigate the electromagnetic scattering by dielectric bodies of revolution
(DBOR) with attached wires in the present of common region (junction) between wire and Body
of Revolution (BOR) surface, where the composite and irregular body is formed. A surface
integral equation (SIE) technique is developed to analyze the scattering properties. Two vector
integral equations (IEs) via Maxwell's equation, Greens theorem, and the boundary conditions are
used. The formulations are generated by the standard electric field integral equation (EFIE) and
PMCHWT, and numerically evaluated by the method of moment (MoM) technique with
Galerkins approach. The numerical results are validated for DBOR and compared with that of
other researchers, while for DBOR-wire-junction compared with conductor bodies of revolution
(CBOR)-wire-junction, which satisfied by comparing with experimental data. Furthermore, the
addition of attached wires significantly alters the constant CBOR and DBOR cross-section, and
the effect of changing dielectric constant (g;) will be disparate among different values on the radar
cross section (RCS).
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(*) This paper is unsheathed from Ph. D thesis entitled " RADAR CROSS SECTION
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INTRODUCTION

Electromagnetic (EM) scattering from
conducting, dielectric and composite
bodies is an important and challenging
problem in the field of computational
electromagnetic (CEM). Furthermore,
composite structures of metallic and
homogeneous dielectric materials have
many important applications such as radar
technology, antenna  design and
microwave engineering...etc. Analytical
solutions are available for only very
limited geometries. For bodies having an
arbitrary shape, one has to resort to some
approximate  numerical technique. A
variety of approaches have been
developed to study this problem, which
includes the MoM, finite element method
(FEM), and the finite difference time
domain (FDTD) method.

When the bodies are
homogeneous, MoM is preferred because
the problem can be formulated in terms of
surface integrals equation (SIE)over the
conducting and dielectric surfaces (Rao et
al., 1991). In special for BORs the
problem is formulated in terms of
integrals over generatrixes (Mautz and
Harrington,1979) (Resende et al., 2007).
For dielectric BOR (DBOR), many
combinations of electric field integral
equation (EFIE) and magnetic field
integral equation (MFIE) have been
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investigated (Mautz and Harrington,1979)
(Kishk and Shafai, 1986).

EFIE-PMCHWT is the usual
formulation  for general composite
structures (Rao et al., 1991) (Yla-Oijala et
al.,2005). In this formulation EFIE is
applied on metallic surfaces and the
Poggio-Miller-  Chang-Harrington-Wu-
Tsai (PMCHWT) formulation (Mautz and
Harrington,1979) is applied on the
dielectric interfaces, but it is not sufficient
for removing the interior resonances if the
structure includes closed metallic surfaces.
In that case, in addition, on those surfaces
the combined field integral equation
(CFIE) must be applied (Mautz and
Harrington,1977).

Such solutions (or combinations of
them) can be used in the analysis of
scattering by composite body (DBOR-
wire-junction) as they are shown in
Figures.(1) and (2). However, the
problem of DBOR-wire was formulated in
a system of wire radiators coupled to
DBOR without junction region (Junker et
al.,1993), based on MoM and deals with
this problem in the same way of
conducting  bodies  (Shaeffer  and
Medgysi,1981).
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Fig.(1): Homogeneous dielectric object (&, , u,) embedded in a homogenous
medium (g, , u;) with electric attached wire. J and M are the equivalent surface
electric and magnetic currents for the exterior region.
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Fig.(2): Attachment region at the wire/BOR surface.

Formulation of the boundary value
problem

In this section, wires attached to
DBORs are considered. The geometry of
Figure.(3a) is typical of the EM boundary
value problem of a structure consist of
DBOR-wire-junction. The original
problem of Figure.(3a) can be divided into
two problems: one of the interior region,
and the other for the exterior region. For
this purpose, the equivalence principle
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(Stutzman and Thiele,1981) is used and
the two equivalent problems are illustrated
in Figures.(3b) and (3c). The field
components in each region of Figure.(3a)
can be constructed readily from the

equivalent currents. The boundary
conditions to be satisfied are:

AXE® =0 (1a)
AxH®* =0 (1b)
AxE"=0 (1c)
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AxH"=0

(1d)

and the surface equivalent currents are:
jwe - ﬁ X He ) On Swe (23.)
Jwi = nxH d , on Swd
(2b)

jje =fAx He , on Sje (2¢)
Jiu=AxH®  on Sjd (2d)
Jae=AxH® onSe (2e)
Mg =-IxE® onSq (2f)

Egs.(1) form a set of four equations in the
two unknowns J and M.
By enforcing the boundary conditions that
the tangential component of the electric
field must vanish at the conductor surface,
and that the tangential components of both
electric and magnetic fields must be
continuous across the dielectric surface, a
system of integro-differential equations is
obtained from which the unknowns Jyq,
Jwe » Jig » Jjie ,» Jae and Mge can be
determined. This system of equations can
be written in operator form (Junker et
al.,1995) as the following:

Egn (Jae + g +‘]Jd’Mde) Eur

tan
and de
(3a)
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Eon (Jae + Jue + 350 M) =—E,
, on Sy and Sje
(3b)
En Qoo + Jue + 35 Mye) + Egy (e + J g
+J 4, M .)=Eu —Ea
,0N Sge (3¢c)
tan(‘]de+‘J ‘]_je’Mde)+Htan(‘]de+de
Jia:Mge) = Hi —Hg,
,on Sde
(3d)

The above system of equations consists of
the EFIE on the conductor surfaces, and
both the EFIE and the MFIE on the
DBOR surface. This formulation is
referred to as the EFIE-PMCHWT (Kishk
and Shafai, 1986).
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Fig.( 3): (a) The original problem, (b) The interior problem and
(c) The exterior problem.
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The field vectors are defined in terms of magnetic and electric vector and scalar potential functions

(Yeung, 2000).

PMCHWT integral equation for DBOR
object.

Surface Integral Equation (SIE)
methods are popular in solving EM
scattering  containing  homogeneous
dielectric materials. The scattering of EM
waves from a homogeneous object having
permittivity €, and permeability p, in a
homogeneous  background medium
(€1, 1,), as shown in Fig.(1), can be solved
by PMCHWT integral equations (Yla-
Oijala,2008), as follow:

AXEM™ =ax[Li(])+L(J)] —fix

[K, (M) + Ky ()] @
AXH™ =Ax[K (J)+K,(J)] +7A X
[ L1 (1) + 5 Lo (1) )

Where J and M are the incident electric
and magnetic current densities, m. =

/Hi/Ei is the wave impedance for region i

(i=1,2), E"¢ and H"® are the incident
electric and magnetic field, respectively.
The operators L; and K; are defined as
(Medgyesi and Putnam,1985):

Li(X) = jou_i |
1/(w™2 pu_iei)VV.XG_i]ds

(6)
[XxVG_i] ds

Ki(X)=/_s
(7)

Where S is the surface of the scatterer, and
Gi is the scalar Greens function of
background medium (i=1) or dielectric
region (i=2) expressed as:

Gi(r, 1) = pp—

withk; = o /i,

e—Jkilr=7l

(8)
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Moment Method Solution

The SIEs.(3) are solved by MoM.
The described problem can be solved in an
efficient manner by a judicious choice of
basis and testing functions. First, consider
the DBOR of Fig.(1). Due to the axial
symmetry, two components of electric and
magnetic current can be identified: one
directed along the generating arc ({;), and
the other in the circumferential direction
(Gy). In order to solve PMCHWT integral
equations (4) and (5), the unknown
surface current densities are first expanded
in terms of Fourier modes (Wu and
Tsai, 1977)

Js(t, ) =JE(t, ) + T4 (t, d)
R HORIMO]

(9a)
Mg(t, @) = n, (M*(t, )
+M?(t, $))
= 17, D= ME (D) +
M (1)]en®
(9b)

Where 7, is the wave impedance for

interior or exterior regions.

These components can be further
expanded on the generating arc in terms of
sub-domain basis functions f; as:

JE(®) = @, Xret It ﬁ(t)}
J2®) =ty TnaT 12 Fi(0)
ME(E) = 0, T4k fi()

MP () = 2y T 1k"’ﬁ(t)} (100)

(10a)
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Where the f;(t) =%Ti(t) and T; is the

triangular function as shown in Fig.(4a).
The testing function is

W, =1, fi(t)e™™®  a=tor ¢ (11)

For wire, the basis J and testing

functions W" are introduced by

JY= Ay T(h) = ok ay 1PT(h)
(12)

JY=ww (13)

Where ;" is the unit vector along wire
segment, and T,(h) is the triangular
function as shown in Fig.(4b) .

The junction basis j7 and testing functions
W/ have the form

Fp) =1 L’ P E S (14a)
pES,

Where

Jo= g2 (14b)

Ji=—t — =) (14c)

J=w (15)

Where ]_i is the current density on the
wire segment nearest the junction region,
i.e., wire attachment segment S, ]_i is the
current density over the BOR surface near
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the junction regions (disk region) S, i,
and T,(h) are an outward—directed unit
vector and half-triangle function as shown
in Fig.(4c) on the attachment segment,
respectively; i, is a unit vector on the
(annular) disk surface away from the wire,
r is the radial distance on the disk, b is the
outer disk radius, a is the wire radius as
shown in Fig.(2). A similar formulation
for the junction currents is given in
(Shaeffer and  Medgysi,1981) and
(Newman and Pozar,1978).
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BOR Generatrix
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Fig.(4): Triangular basis functions (a) over the BOR generatrix.(b) on Iy, segment of attachment
wire. (C) junction region representation.
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The number of data points on the DBOR,
wire and junction region are Ng , Ny, and
N, , respectively. The scattered is thus
modeled by adding the three region data
points (Newman and Pozar,1978).Then,
The total number of data points are
N=Ng+Ny+Na.

ZEE ZEH
[nlzﬁE ZH”] L,l l B nlvH] (16)

The 1%, 1%, k% k. 1", and 1 are the
unknown current coefficients.

In order to balance the impedance
elements(Ruiet.al,2010)(Godaymi2007)(C
ao, and Gao,2008), the matrix equation

can be written

Now the composite body (DBOR/wire/junction) have a system of equations by substituting
Egs.(10), (12), and (14), into Egs.(3) and using the linearity of the operators, yield:

i{zlm 35.0)+ S1EL (52.0)+

1=1

Na-1 B Ng-1 B B
JZ_; 1 9EL, (37,0)4n, JZ K,Ed (0,M, )}
-E2 ()

Ng-1 Ny-1
{ZI Etan nJ’) leeEta”(J‘;’o)

n= j=1 1=1

a

-1
+ ZIJ’eEfn( 0)-, ZKnjEtan(O M )}
j=1
- Et:n (‘J_ )
, 0N Syeand Sje

5| S 002 030 Sz 020l

n=-oo| j=1 j=L

(17b)

Na-1

s 5,0 Sl (57 o 15,510

i

Ng-1

Z Knj {nd Etgn (O’ Mnj )+ 77e Etzn (O’ Mnj )}:| = Etlai (‘Td )_ E1Iaen (je)

=1

1

5 S elozol A iz Shems 0l

n=-o| j=1

e (3,00 S UORS (39.0) 1 #F, (72,0

j=1
Ng-1 o . o . o e
ZKnj{ndngm(olMnj)+UeHIZn(O'Mnj)}‘|:Hlladn(‘]d)_HII:n(‘]e)
j=L
An advantage of the Galerkin's procedure
is the resulting symmetry in the inner

products when the coordinates of the
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onSygand Sjg  (17a)
, 0N Sge (17¢c)
, 0N Sge (17d)
testing and basis functions are
interchanged.

Therefore, the Eqs.(17) have a system of
new equations which may be expressed in
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matrix form as follow
_([Zfle,de]n + nr[dee,de]n) ([chl:e,de]n + [Yc(lie,de]n)
1
([Yge,de]n + [Yl(iie,de]n) (_ [Z((;e,de]n + E [Z(cile,de]n)
Me[Za el (Y gae]
[ste,de]n [Y‘f] . de]n
N[ Zhae) [Yae].
25 ’de]" [Yii,de]n
e d e 1] [la ]n
[Zde,we]n rII'[Zde,]'d]n [Zde,je]n
[Y(‘lae,we] n [Yge,]'d] n [Yge,]'e] n [ka ] n
[0] [Z8ajal [0] (1)
[Z\?ve,we] [0] [ a'e,je] [lwe]
(0] [Zajal [0] 1]
[Zjee,we] [0] [Ziee,ie] i [lie]

(18)

Where n_ = /ua/Ea ,ando=tor ¢

The full representation of the sub matrices
of the impedance and admittance and
excitation are presented in details in the
thesis chapters and appendices.

E%W:ﬂd@)?-MGyﬁwm

Nr [Ztcile,wd]n

[Y((iie,wd] n

[Z\c/lvd,wd]

The radar cross section evaluation

The far field is the far field scattered by
structure of DBOR-wire-junction. For
plane wave excitation, and through the
reciprocity theorem (Wu and Tsai,1977)
one may find the radiation field ES at a
distance r from the origin due to the
surface currents J and M on S a

(19)
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Where 0" is a unit vector specifying the polarization, E"and H'is the electric and magnetic field
isdue to 4", respectively, and given by:

_ kn o
Er = - T goikn gr giier 20a

Az r (202)
A =——L ek xaye ™" (20n)

drrr
Where k, is the propagation vector of the In the case of BOR, and for #-polarized
plane wave, k is the propagation constant plane wave the contribution of
and # is the intrinsic impedance of the measurement matrix [R] is written by
medium outside S. (Harrington and Mautz,1969)

(RE); = (5, JL:)
(RE®), = (E}.J2)

_ 21
Ry, = (I, it ey
(RA?): = (Hy, M5,
And for the ¢-polarized plan wave
(R = (Eg Jni)
Py _ (T 7P
(Rn )l (E¢’]nl> (22)

(Rfﬂ)i = —(H(SJ Mrtu')

(RY"); = —(Hg, M%)

In other hand side, the contribution to R" from the wire in both 6-and ¢-polarized can be written in
the form:

RW,9 — <E5:]_LW>
R¥® = (Ep,JY)
Similarly, the contribution to R’ from the junction are
RIS = (EG o) + (5. J3)
R = (Eg,J2) + (Ep.J3)
The scattering cross section o™ is defined by

(23)
(24)

P4 = 4qr? IZL (25)

Where p is either 8 or ¢ and q is either 6 or ¢, E' and E® is the incident and scattered field. For large
r the relation between scattering matrix and Eq.(25) can be written as:

oPq = 47|SPI|? (26)

Where

SPa = =2 {[[R_n"tp ][R n*dp ][R_n"tq [[R.n"dbq ]] - [Ln* AT + [[R_Awp J[IAwq ]] +

[[R"jp 11-%jq 113
(27)
100
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So, the radar cross section RCS normalized to wavelength is given by substituting (27) in (26), to
obtain a formula to conducting and dielectric BOR-wire-junction, respectively.

T2 = T mn (RPIS + RYPISY) + RWPI™ 4 RIPDA|’ (28a)
T = TSR (RPES + RIS + RPKE + RO + RYPI™ 4 RiPpial”
(28b)
Results elements  integrals are  computed
To demonstrate the validity of the numerically by using 20 point Gaussian
formulation, numerical results are quadrature.

presented for a homogeneous DBOR
illuminated by a plane wave, for which the
PMCHWT is known. The first example is
a lossy dielectric sphere, whose radius are
set to be ka=1,and the value of dielectric
constant &=1.44. The bistatic RCS
computed by the PMCHWT integral
equation methods is shown in Fig.(5). It
can be seen from figure that the horizontal
polarization (HP) and vertical polarization
(VP) results are in agreement with (Wu
and Tsai,1977). Moreover, the matrix

The second example is closed cylindrical
rod with rounded ends of radius a=0.2 A
and length [, = 1.1\ is next examined by
SIE. It is chosen as another test to
illustrate the validity of formulation and
MoM to complex bodies, as depicted in
Fig.(6). Figure (6) shows that the solution
accuracy of PMCHWT results in the two
polarizations (HP and VP) in convergence
with that of EFIE with &=1. However, the
convergence represented by the coincided
with conductor part of (Andreasen, 1965).

o/ma?

X (VP) er=1.44 [[W
0.01 & Tsai,1977]

+ (HP) er=1.44 [Wu
& Tsai,1977]
pumms (HP) present work

er=1.44

0.001

0 30 60 90 120 150 180
0 (deg.)

Fig.(5): Bistatic RCS of dielectric sphere (e,.=1.44 and radius a=0.1594).
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X (VP), [Andreasen,1965]

X +  (HP), [Andreasen,1965]
“a = = = = (VP) present work er=1
}K e (HP) present work er=1

0 (deg.)

Fig.( 6): Bistatic RCS for the dielectric cylindrical rod with rounded ends

The applications were in two parts. The
first was CBOR-wire-junction by solving
the EFIE with MoM technique as outlined.
The computed results are compared with
measured monostatic RCS obtained by
(Shaeffer,1982) and normalized to the
cross sections of a sphere, 65=0.00525m?,
which was computed using the Mie series
solution for a perfect conducting sphere.
Note, the junction dimensions for all
applications are a=0.005X\ and b=0.107A.

The results are computed by applying
Eq.(28a) for the conducting sphere of
radius a=0.444) (ka=2.79), with one
attached wire of length (I,, = 0.44421), as
shown in Fig.(7). It can be seen that the

computation results obtained using the
MoM is in a good agreement with the
measured, where the RCS of a sphere does
not change for a body of radial symmetry
alone. Also, The scattering cross section
from the flat-faced cylinder, radius
a=0.3441 and length [, = 1.981 with
attached wires of length [, = 0.8804, is
computed for HP and comparison with
experimental data. The results are
presented in Fig.(8) with two attached
wires and shows a good agreement with
the measured. The effect of thin wires and
junction to the total backscattered RCS is
noticeable.

100

@ Exper.[Shaeffer,1982]

0 50 100

150

Fig.(7): Backscattering RCS in HP from cond-ucting sphere with one attached wire.
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100
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» I\
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o
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— ptesnt work

¢ Exper.[Shaeffer,1982]

0 (deg)

Fig.( 8): Monostatic RCS in HP from conducting cylinder with two attached wire.

The numerical results are presented to
generalize the EFIE-PMCHWT on a
selected applications consist of DBOR-
wire-junction, as second application.
Furthermore, the method of numerical
solution for a particular scattering problem
consists of choosing a value for ¢ and the
number of attached wires.

The first results are computed for the a
dielectric sphere with g=4 and radius such
that ka=2.79, with one attached wire of
length [, = 0.444\. Figure(9) shows the
backscattered RCS in HP by applying
Eqg.(28b) in the case of dielectric sphere
with single wire. In comparing the results
with the conductor case, the addition of
wire produces a result that has less than
number of lobe and no lobe symmetry.
This result may be explained by the fact
that the effect of single wire and dielectric
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constant appears for backside incident
0>90°, where the wire is partially shielded
by sphere. Moreover, the null is less deep
than on the front illuminated side with
sharp decreased in RCS between 0=30° to
0=150° as a common effect of wire and
dielectric constant.

To explain the effect of two attached
wires, another important results is taking
by a dielectric flat-faced cylinder with
er=4 and radius a=0.344A and length

[, = 1.98\, where anyone of the two
wires has a length of [, = 0.880A. A
similar phenomenon has been observed
previously in the case of conducting
bodies with two attached wires, but the
result here shows that the effect of & and
thin wires on total RCS is noticeable. It
can be seen that the results show the same
effect for the two wires, located at
cylinder center, on the RCS, whereas the
common effect with &, is changed the total
backscattered RCS between angles 6=10°
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to 6=170° from that in the conductor case
as shown in Fig.(10).

= = = = conducting sphere-1wire-1ljunction

10 | e— dielectric sphere(€r=4)-1wire-1junction

0 30 60 90 120 150 180
0 (deg.)
Fig.(9): Backscattered RCS in HP of EFIE-PMCHWT formulation for a homogeneous dielectric
sphere with one attached wire (radius a=0.1591, ec=4 and 1,=0.4444.

dielectric cylinder(€r=4)-2wire-2junction

= = = = conducting cylinder-2wires-2junctions

0 (deg.)
Fig.(10): Backscattered RCS in HP of EFIE-PMCHWT formulation for finite homogeneous

dielectric cylinder with two attached wires (radius a=0.3441, &=4 , .=1.98 and 1,,=0.8804.

modeled as wire-loops, shown in Fig.(11),

The important part of the applications is to
determine the efficacy of the composite was obtained and compared with other
body scattering to more complicated and measurements in (Shaeffer,1982).
practical geometries. The calculations of
RCS for missile configuration with wings
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Fig.(11): Geometric shape for missile configuration with wings model,
(lwa=li+l+ls , lo=la+ls+lg , [1=ls=14=lg , I,=15 and vi=v,=v3=Vv,).

This modeling approach is an extension of
the stick representation used by (Lin and
Richmond,1975), but the only difference
here is that the body represented by a
BOR. The body was a cylinder with
hemisphere  endcaps  of  diameter
d/A=0.688 (ka=2.16) and total length
= 2.61 , the wire-loop wing of length
ly1 =1y, =0.826L and [, = 0.761,with
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slant angle of wings vi=45° (i=1,...,4). The
computed and measured results, in the
case of CBOR-wire-junction, are in a
good agreement for HP of wire-loops
representing to the wings and shown in
Fig.(12), whereas the wings do not
contribute to the RCS for vertical
polarization because the wings are normal
to the incident electric vector.
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60
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90

120 150 180

Fig.(12): Monostatic RCS in HP from conducting cylinder with hemisphere endcaps and wire-loop
wings.

It is interesting to note that the effect of
single value for dielectric constant were
appearing in total RCS in the case of
DBOR-wire-junction. Another important
result finding were that for several
possible value of &. it is represented by a
missile  consisting of a dielectric
cylindrical rod with rounded ends of
radius a=0.32A and total length [, = 2.6),
and & = 2,4, and 6, with wire-loop wings

of length [, = 0.826\. Figure(14) shows
the monostatic cross section for the HP for
different values of g,.. However, this result
has not previously been described, but
compared with conducting case. It should
be noted that the effect of changing &, will
be disparate among these values as shown
in Fig.(13).

30

25

= = = = conducting case
- gr=2

0 (deg.)

Fig.(13): Backscattered RCS in HP of EFIE-PMCHWT formulation for homogeneous dielectric
cylindrical rod with rounded ends of different values of ¢, , with two wire-loop wings.

Conclusion
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The choice of a formulation is important
if the surface is irregular or material
contrast is changed. The solution of EFIE-
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PMCHWT  formulations for EM
scattering by composite body with
irregular shape using the MoM with
Galerkin's procedure has been presented.
In the case of DBOR-wire-junction, the
moment matrix for DBOR is twice as
moment matrix of CBOR. The EFIE-
PMCHWT formulations with MoM of
Galerkin s approach give largely
reasonable results compared with that of
CBOR-wire-junction, and the lossy
DBOR-wire-junction, is treated efficiently
with these formulations. Adoption of the
comparative results of CBOR-wire-
junction with case of DBOR-wire-junction
was due to the lack of available results,
the fact that the last one subject in the new
application. Furthermore, the addition of
attached wires significantly alters the
constant CBOR and DBOR cross-section.

REFERENCES
Andreasen, M. G., 1965,"Scattering from
bodies of revolution”, IEEE Trans.

Antennas Propagat., vol. AP-13, pp. 303
310.

Cao, X., and Gao, J., 2008,'The
singularity problem at the wire/surface
junction region for antenna and arrays
with  bodies of revolution”, Prog.
Electromagnetic. Research B., Vol.10,
117-130.

Godaymi, W. A., 2007,"Electromagnetic
radiation from circular-shaped microstrip
antennas as bodies of revolution™, Thesis
submitted to University of Basrah.
Harrington, R. F. 1968,"Field
Computation by Moment Methods",
Macmillan, NewYork.

Harrington, R. F. and Mautz, J. R,
1969,"Radiation and scattering from

107

bodies of revolution ", Rep.. AFCRL-69-
0305, Syracuse Univ., Syracuse. NY.
Junker, G. P., Kishk, A. A, and
Glisson, A. W., 1993,"MoM solution of
wire radiators coupled to dielectric bodies
of revolution", IEEE Antennas. Propagat.
Soc. Int. Symp., pp.40-43, Ann Arbor, MI.
Junker, G. P., Kishk, A. A., Glisson, A.
W., and Kajfez, D., 1995,"Dielectric disk
radiating elements”, Rome Lab. ,
Technical Report, RL-TR-95-149,
University of Mississippi.

Kishk, A. A., and Shafai, L.,
1986,"Numerical solution of scattering
from coated bodies of revolution using
different integral equation formulations",
IEE Proc. Vol. 133, Pt. H, No. 3, pp. 227-
232.

Lin, Y. T.,, and Richmond, J. H,
1975,"EM modeling of aircraft at low
frequency”, IEEE Trans. Antennas
Propagat., Vol.AP-23, No.1.

Mautz, J. R., and Harrington, R. F.,
1979,"Electromagnetic scattering from a
homogeneous material body  of
revolution”,  AEU-Int.  Journal  of
Electronics communication,Vol.33, pp.71-
80.

Mautz, J. R., and Harrington, R. F.,
1977,"H-field, E-field, and combined field
solutions for bodies of revolution”,
Interim Technical Report, RADC-TR-77-
109.

Medgyesi-Mitschang, L., and Putnam,
J. M., 1985,"Integral equation formulation
for imperfectly conducting scatterer”,
IEEE trans. Antennas propagat., VVol.AP-
33, No.2, pp.206-214.

Miller, E. K., Medgyesi-Mitschang, L.,
Newman, E. H., 1992,"Computational



Basrah Journal of Science (A)

Vol.33(2),90-109, 2015

electromagnetics:frequency-domain
method of moments”, New York: IEEE
press.

Newman, E. H., and Pozar, D. M.,
1978,"Electromagnetic ~ modeling  of
composite wireand surface geometries”,
IEEE Trans. Antennas Propagat., Vol.AP-
26, No.6.

Rao, S. M., Chung, C. C,, Cravey, L. R.,
and Wilkes, D. L.,
1991,"Electromagnetic  scattering from
arbitrary shaped conducting bodies coated
with  lossy materials of arbitrary
thickness”, IEEE  Trans. Antennas
Propag., Vol. 39, No. 5.

Resende, U. C., and Fernando, J. S,
Odilon, M. C., and Joao, A. V., 2007,
"Optimal number of basis functions in the
MoM solutions for bodies of revolution”,
Jour. Microwave and Optoele., Vol.6,
No.1.

Rui, X., Hu, J., and Liu, Q. H,
2010,"Fast inhomogeneous plane wave
algorithm for homogeneous dielectric
body of revolution”, Commun. omput.
phys., vol.

8, No0.8, pp.917-932.

Shaeffer, J. F. and Medgysi-Mitschang,
L. N. 1981,"Radiation from wire
antennas attached to bodies of revolution:
the junction problem”, IEEE Trans.
Antennas Propagat., Vol. AP-29, No. 3.
Shaeffer, J. F., 1982,"EM scattering from
bodies of revolution attached wires", IEEE

108

Trans. Antennas Propagat., Vol. AP-30,
No. 3.

Stutzman, W. L., and Thiele, G. A,
1981,"Antenna theory and design”, John
Wiely & Sons, Inc., New York.

Wu, T. K, and Tsai, L. L,
1977,"Scattering from arbitrarily-shaped
lossy dielectric bodies of revolution”,
Radio Science,Vol.12, No.5, pp.709-718.
Yeung, M. S., 2000,"Solution of
electromagnetic  scattering  problems
involving three-dimensional homogeneous
dielectric objects by the single integral
equation method ", Jour. Scien. Comput.,
Vol.15, No.1.

Yeung, M. S., 1999,"Single integral
equation for Electromagnetic scattering by
three-dimensional homogeneous dielectric
bodies", IEEE Trans. Antennas Propagat.,
Vol.47, No. 10.

Yla-Oijala, P., Taskinen, M., and
Sarvas, J., 2005,"Surface integral
equation method forgeneral composite
metallic and dielectric structures with
junctions”, Prog. Electr. Resea., PIER 52,
81-108.

Yla-Oijala, P., 2008,"Numerical analysis
of combined field integral equation
formulations for electromagnetic
scattering by dielectric and composite
objects”, Progr. Electr. Resea. C, Vol.3,
19-43.



A.S. Tahiretal. electromaanetic
scattering from

ddalal) LY pa by o BBl A Jladl aluaY) (e dpdaling g g<)) 3 jUain)

3se adls deal” L Cadallae Jils el ele Jibc
8l dasla caslall LIS cely juill ol
Olosse dasla ¢ aslall S o

DAY

ALY 3sm s L sme BB 5 AL Jlal alua ) Al gy Acsilaliin 5 jgS 5 i) oy il 138 b
O phiie e aua lemaan 43580 by e Hhalial) auad) mhass 5 Gl G (Alia M) 4S jidia ddkaie 5 ALl
Crialaiy) el el Crandivd 38y 5 Uxind) Lailad Jdadl ¢k o8 dalad) Alslad) 4
bl Ul gy S 3 il Fipeall () Aaidhe A3 g0n T g i (S U a2 s U suSle (il 8 e daiad il
o5 3el) 2 sk Al 5 S8 Ansall il Lol (PMCHWT ) &k s EFIE (6 Jlnall ALl
L 555 Uy s Bl 5 el pueall Bossall i) s (e Bl 3 (5 S B oe (MOM)
25 e Al 515 Gl L) 3 gm s L e aLERA) Sl el 2 58 im0 (ol
O 2 Aleal) AN ae A5 adl Lgtaua ciiaty ¢ Alaglls clud) pe b sae lLA 5 Jas sall anall
ad s 5 Oy el ¢y AL Slall 5 Alia pall b Sl i) o jal) adaiall (po 88 i SLLY) ALl
BB (i pall adaiiall daliss o gliie 068 Il il

109



