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1. INTRODUCTION
The analytical solutions are important for

researchers that are interesting in the
electromagnetic scattering of the wave from
conducting bodies for a limited number of
uniformly shapes. In the numerical method the
boundary conditions with the method of moment
are used to develop a simple and efficient
numerical technique to treat the electromagnetic
problem. The accuracy of the solutions used in
this method is appropriate for good conducting
bodies of revolution (BOR) [1,2]. As the
numerical technique to solving the scattering
problem is developed, the accuracy of the results
must be verified by comparing to this results with

previous researches. In this technique the electric

and magnetic currents surface (Tandﬁ) in
addition to the RCS of the to the conducting body
coated by dielectric substrate as a body of
revolution are calculated by using of the Electric
Field Integral Equation (EFIE) and Poggio-
Miller-Chang-Harrington-Wu-Tsai.

2. THEORETICAL CONSIDERATION
Fig. (1) shows a general model of CBOR-

Coated- dielectric layer. According to the
equivalence principle, the body can be divided in
two regions the first is the exterior region which

is of volume V° and filled with a homogenous
material of permeability 4, and permittivity &, .
This region is formed by rotate the generating arc
(S4) around the axis of symmetry .The surface
current densities on Sy, are the electric current
Jae and magnetic current M on Sqe - Fig (1b)

presents the homogenous interior region V ° that

filled with a homogeneous material of
permeability £¢4 and permittivity €4 are formed

by rotating the generating arc (S, +S,,.) .

The surface current densities J,, , Mare
continuous , in the interior equivalent region , on
the surface S, but in opposite direction of the
exterior equivalent region V¢ . the vectors E*
and H€ are the electromagnetic fields in the
interior region , while E¢ and H? are
electromagnetic fields in the exterior region. This
e and d are the space and dielectric region,
respectively. Also 7 is the normal unit vector on

the surfaces S;, and S.4.

" B¢

v

€ He

‘/8
Conductor

Sae

E*.H*
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(a) The original Problem

€a-Ua

Zerofield
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Ee- e

(c)The Equivalent for region V¢

Figure 1: Equivalence principle for
conducting bodies coated by dielectric layer.
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The electric and magnetic currents surface
can be calculated using the equivalence principle
as [3]:

,onS.,; (1a)

,onSqe  (1b)

—_

M =-AxH® ,on Sg (1c)

The surface equivalent electric and magnetic
currents in equations (1) are unknown and can be
calculated by applying the boundary conditions

of the field vectors as shown in fig (1).

The boundary conditions equation for the
problem can be described as follows [3]:

,on S.q (2a)
Aix EY=—AxE®,on Sy, (2b)
fix H* = fi x He ,0N Sge (20)

The body here is constructed from two types
of material, conductor and dielectric, so there
must be two types of boundary condition that
satisfied equations (2). The conditions require
that tangential electric field component is
vanished on the S.; surface, while the magnetic
and electric fields is continuous on the S,
surface .

From Eqgs. (2) a group of expressions can be
obtained to give mathematical representation for
the internal and external equivalent regions.

This group is adequate to calculate the unknown

surface currents  densities J.4, Jue, M as
follow[4]:

E&ln(fcd +jde: M) =0 (3a)

Efan(fde'ﬁ) + El_gan(jcd +jderM)
= Efn(J*®)  (3b)

ﬁfan(fdeﬁﬁ) + ﬁtdan (jcd +jderM)
= ﬁgan(fie) (3C)

The subscript (tan) denotes the tangential
components of the EM fields on the surface
E2(J,M) H3(J,M) which represent the electric
and magnetic fields produced due to the incident
electric and magnetic currents ( /, M) ,which in
turn radiates in the media that characterized by
. The symbol (a) represents to the

(€as Ma)
internal and external equivalent regions.

In this paper EFIE-PMCHWT were used to
describe the scattering in the conducting bodies
of revolution coated by dielectric substrate. The
EFIE represents conductor part and PMCHWT
represents dielectric part [5].

Equations' (3), represents the integral
equations for the unknown electric and
magnetic equivalence density current, can be
described by magnetic and electric vector and

scalar potential. The field vectors are [6].
E4(J, M) = —jod*(]) - vo*(])
—~ Siv x F2(M) (4)
(], 1) = —jwFe(]) — vwe (i)
1 R
tooUx A%(J) (5)

Where F(iM)and A%(J) are the electric

and magnetic vectors potential and defined by:

A(J) = g f JGNGEF,F)ds"  (6)
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Fa(if) = e, j MGE)G(F,7)ds' (7)

wa(M) and @3(]) are the electric and

magnetic scalar potential and defined by[7]:

0°(J) = fU(DG(‘F r')ds’ 8
(M) = u—lafsm(M)G(* 7ds’ (9)
While o(J)and M(M) represented the

electric and magnetic surface charge distribution
defined by:

() = éﬁs. i® a0
m(M) = (fu_ﬁs.mf) (11)

here o is the angular frequency, and G is the
scalar Green's function which can be expressed
as[8]:

oo exp(—jkglr =1
G(T"r,) — p( j al |

(12)

4r|r — 7’|

Where K, = w(egug)*? in the (a) region

and called propagation constant.

Now, we can transform the integral
equations to a group of linear equations and form
amatrix by using the inner products of the weight
function with the electric and magnetic field in

eg. (3) as:

T]d[Yc3c‘lide] }
o([¥dtae), + i) |
o (23 ae], + [Z8ac],)]

[228cal,, [ZEd ael,,
[Zde cd ([Zdede] + [Zdede] )
_[Ydlg.cd n ([Yég.de]n + [Yde.de]n)
4] %]]
l
I
K1)

|1
i Vde
l Ide

In o (3)

1.

n

3. THE [IMPEDANCE ELEMENTS
MATRIX [Z]

The impedance element matrix is produced
from the electric field which is a function of
electric current density (J) , and can be written
as[9]:

(%8, = (Wi B0 0)
- (s, e (1)
- voe(ji)) s

or from the magnetic field produced

by magnetic current density (M), and can

be written as:

(78,

(W, (—joFe(M5) — vya(M5,))) (15)

= (W3;,E%(0, ME) =

the inner product between the electric field

and the weighting function W,ﬁ

4 4
(Z)ij = —jkana Z Z [Tqu {sinl) ,SinU Gy

p=1q=1

j yields to:

Gy
+ cos U 2gcosl) qu}_ﬁT T]

4 4
n
(Zf,‘b)ij = —kqNa, Z Z [TqusinU 03+ P pq T, Gl]
p=1q=1

4 4
T,
(289),; = kana ZZ [TqusinU G+ sz, D Gl]

p=1q=1

4 4
. n 2 G
(Zgo)ij = —]kana Z Z TPTq [Gz - (k_(zl) Ppll)q

p=1q=1
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Where

e—]kaR
G, =J. B cos(n®) do
0

T e—jkaR
G, = J. B cos(n®) cos(@) do (17)
0

T e—]kaR
G; = f R sin(n®) sin(@) d@
0

R= \/ (i—‘”)2 + 4p55in2(§) (18)

4. THE ADMITTANCE SUB MATRIX
ELEMENTS[Y]

The admittance matrix element can be found
from the magnetic field produced from electric

current density, as follow [10]:
ap\/H wa gacil
(Ymn)j; = Wiy, H (T}, 00)
(1 Lo
= (g, (ﬂ—v X Aa(];’;’l.)>> (19)

or from electric field produced from
magnetic current density, as follow:

(ya" @, He(0,ME))
= (W,gj,<—€iv x Fe(MP, )) (20)

the inner product between the magnetic

field and the weighting functionVT/m“j ,yields to
the following:
4 4
Y9 = ]Z T, T,Ge [pqcosu sinv
p=1q=1

+ {sinu (2 —2,)

— PpCOS L p}]

4

(v9),, = Z Z T,T, [pqcosv G,

4
p=1q=1

+{simv (2,-2,)
— ppCos L p} GS]

4 4
(Y,‘f’t)ij = Z Z T,T, [pqcosl) e

p=1q=1
— {sinU q(Zp - Zq)

+ pgcos L q} Gs]

(2%, =i Ep=1 Xaa1 BTy (z,-7,)Gs (21)

Where

1 +]k R)

G, =f cos(n®) e JkaRdp
0

(1 +]k R)

Gszj cos(n@) cos(@) e kaRdgp  (22)
0

(+1a)

G =j sin(n@)sin(®) e JkaRdgp
0

Ve, Vg Ppy Py are the geometry model of

body of revolution value, and t,,t, are the pulse

function that can be calculated from[9]:

t,=i+222  (23)
. q—2-5
tg=j+—5—

5. THE EXCITATION SUBMATRICES
ELEMENTS [R]

The plane wave approximation depends on
process and approximation used by the
researchers J.R. Mautz&R.F. Harrington is used
to calculate the excitation submatrices element
[9]as:
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4
(&), = > C[sin(v ) 058 (Jonrny ~ Jen-y
q=1

+ 2jcos ( v q) sin(HT)]n)]

4
(R2), = D €4c05(0) Unsny +Jn-)

q=1

4

(RE2), = D" =jCqsin(0 sy + Jin-n) (24)

q=1

6. THE RADAR CROSS SECTION
EVALUATION

Scattering problem in radar includes
how to measure the amount of power, that
is reflected back to radar, from the target
(BOR). This amount can be express as a
relation between the incident plane wave
E' and scattered wave E°. In general the
by the

orthogonal

scattering wave is  produced
superposition  of the  two
components Eg , Ez while the incident
wave is produced by the two orthogonal
components Ej , E5 and the relation of the
RCS can be given by [11]:
R )]
58 = —iw# ie—jnmlvz_:l [_R’?ig :I?ﬁ:
mo|& _ [Rfl?] kP

i

0011l 1,981
_[_Rni i __ki B__
_ tB- 2
[RE ] ]
N=1 1 poo _1?’5_

598 = JOH S e
4m

(25)

7. RESULTS AND DISCUSSION
To prove the validity of the
mathematical analysis and the programs for
CBOR coated by

conducting spheres of radii 0.311A and

dielectric layer,

0.4777) were selected and were compared
the results with other researcher as in fig
(2). The figure shows a good agreement

between the two results.
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Figure 2: RCS for conducting sphere (a2=0.3112.)
coated by dielectric layer(e, , a1=0.394%)
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Figure 3: RCS for conducting sphere (a2=0.319%)
coated by dielectric layer (€,,= 4 ,al=0.4777%)
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Figure 4: The proposed model.

Fig.(5) and Fig.(6) show the effect of
dielectric constant (€,) and dielectric
thickness (t) on radar cross section. These
figures show that the value of RCS in E-

plane and H-plane decreases as (€,) and t

8. PROPOSED MODEL
The proposed model chosen in this

work is a rocket shown in fig(4), The effect
of different values of dielectric constant

(€,) and thickness (t) were studied:

increase.
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Figure 5: RCS as a function of dielectric constant

€,
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Figure 6: RCS of dielectric constant €,.=4, as a

function of layer thickness (t).

9. CONCLUSIONS:

In this research the method of moment was
applied with Galerkin’s approach to solve the
problem of scattering from bodies of revolution,
which is one of the most effective methods to
processing these problems. The EFIE is used
with  PMCHWT formulation to processing
coated bodies. The mathematical analysis and the
program were checked to know the validity of
the formulation by applied it to simple, regular
and symmetrical bodies and comparing our
results with the published results. From the study
of the effect of dielectric constant and thickness
of the substrate layer we observe that increase it
reduces the RCS

10. REFERENCES

[1] R.HARRINGTON, "Field Computation by
Moment Methods," The Macmillan Comp.,
vol. 130, no. 6, pp. 276-280, 1968.

[2] A.F. Peterson, S. L. Ray, R. Mittra, I. o.
Electrical, and E. Engineers, Computational
methods for electromagnetics. IEEE press
NewYork, 1998.

[31 R. F. Harrington, "Time-harmonic
electromagnetic fields," 1961.

[4] G. Junker, A. Kishk, A. Glisson, and D.
Kajfez, "Dielectric Disk
Elements," MISSISSIPPI

Radiating
UNIV

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

UNIVERSITY DEPT OF ELECTRICAL
ENGINEERING 1995.

A. Kishk and L. Shafai, "Numerical
solution of scattering from coated bodies of
different
formulations," in IEE

revolution  using integral
equation
Proceedings H (Microwaves, Antennas
and Propagation), 1986, vol. 133, no. 3, pp.
227-232: IET.

M. S. Yeung, "Solution of electromagnetic
problems three-

dimensional homogeneous dielectric objects

scattering involving

by the single integral equation method,"
Journal of scientific computing, vol. 15,
no. 1, pp. 1-17, 2000.
M. S. Yeung, "Single integral equation for
scattering by three-
homogeneous dielectric
objects," IEEE transactions on Antennas
and Propagation, vol. 47, no. 10, pp.
1615-1622, 1999.
M. Sadybekov, B. Torebek, and B. K.
Turmetov, "Representation of the Green’s
function of the

electromagnetic

dimensional

exterior Neumann
problem for the Laplace operator,"
Siberian Mathematical Journal, vol. 58,
no. 1, pp. 153-158, 2017.

J. R. Mautz

"Radiation and scattering from bodies of

and R. Harrington,

revolution," Applied Scientific Research,
vol. 20, no. 1, pp. 405-435, 1969.

A.S. Tahir "Radar cross section of wires
attached to bodies of revolution" Thesis
submitted to university of Basra 2014
P. Huddleston, L. Medgyesi-Mitschang,
and J. Putnam, "Combined field integral
equation formulation for scattering by
dielectrically coated conducting bodies,"
IEEE Transactions on Antennas and
Propagation, vol. 34, no. 4, pp. 510-520,
1986.

L. Medgyesi-Mitschang and J. Putnam,
"Electromagnetic scattering from axially
inhomogeneous bodies of revolution,"
IEEE transactions on antennas and
propagation, vol. 32, no. 8, pp. 797-806,
1984.

26



