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ABSTRACT:

This study presents a theoretical investigation for thectfon of surface currents describing and
radiation fields calculation for wire antenna formedotlygh decreasing the radius of the conducting
cylinder (BoR) to very small value . The hypothesis leadgery good results that match a well-known
theory in the literature. This enable us to say thainiveduce a new model for linear antenna parameters
calculation .
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INTRODUCTION

The problem of electromagnetic scattering andables and cylindrical waveguides; and antennas,
radiation by a body for revolution (BoR) has beenlike wire dipoles, circular microstrip patches,
given a great attention due to its significance incylindrical dielectric, and resonator anterj@gs
communication and radar applications. A BoR isThis body of revolution approach has been applied
three-dimensional object which is formed byto several numerical methods in electromagnetic
rotating a planar curve about the axis of symmetry,including the method of moment (MoM), finite
By taking the advantage of the rotational symmetryelements method (FEM) and the finite difference
of the BoR, the problem can thus be reduced fronime domain (FDTM) . In this paper ,an electric field
the three-dimensional case to a series of twointegral equation (EFIE) is formulated to treat the
dimensional problems. This results in a considerablelectromagnetic radiation problem for conducting
saving in both the time of computation and memorybodies of revolution and method of moment is used
storaggl] . A large number of structures in the field together with Galerkin technique to solve this
of electromagnetic present symmetry around an axisquation and calculate the radiation fields of the
of rotation (BoR). Among these structures there aravire antenna .
certain types of transmission media, such as coaxial

FORMULATION OF PROBLEM:

Consider the BoR illustrated #g.(1), where curve ” around the z-axis which is also called the
it is formed by rotating a curve, called “ generatingaxis of BoR .
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Fig.(1): Body of revolution and Coordinate system

The radiation from the perfect conductor BoR j:Z(H_jt_ +|‘/’_j‘/’_) __________ (2)
problems is assumed to become from the field on an m memoonen

aperture on the closed surfaBg called aperture

electric field which has a value over the aperture and \Where Jt ];';j are the tangential and

. . mj
zero elsewhere just outsi@e. . .
J Ge circumferential components of an orthogonal set of

The boundary condition states that the tangentigfXPansion functions sparming the surfécen is the
electric field must vanish on the surfaSeof the index refer to the Fourier mode number includes all

conducting : integers and zerq, is the subscriptefers to thgth
annulus along the z-axis into whiéhis subsection,
_AxE (—): A B2 and I; is the unknown coefficients of the
n Etan J n Etan ............ (1) eXpanSIon_,l[_l. )

EZ,. is the aperture tangential electric field.
E =-jcA(r)-0d(r) ... 3)
According to the method of moment thel@ly the

unknown currents J) on the surface S of a \yhere A(r) and @ (r) represent the vector and
radiating body are expressed in a finite modal

expansion.This electric current density, induced on scalar potential, respectively.
the BoR can now be decomposed into two They are defined by :
orthogonal components along the unit vectis

and € and expressed in the fopn5]: - kR

j=Z|jjj s
i
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1 e KR rand # are the position vectors of the field and
qo(r ) = ;_[ o IR ds ... (5) source pointsK is the wavenumber of free space,
s o is the surface electric charge density, ahd is

o the surface current density 8n
Where gandu are the permittivity and the

permeability of the electric materiaR = |r —f/, Combining egs.{(1)-(5)} , we arrive at :
- jkR - jkR
A —=a | ~€e’ O e
AXES =AX Ja),uUJ ds+- UD [J ds )
: 47R Jw h 47R ...............
tan
Where: By using the integro-differential operatdc ,
i Eq.(6) can be written as,
V-]=—Jwa
As the procedure of the MoM, it will generally L Z | jjj = Eana ________________ @)
be advantage to choose weighting functiong ( i

that minimize the computations required to

evaluate the inner products. Because of thsis The inner product of eq.(7) withV is :
selected to be the complex conjugate of the

surface curren{W = J°) [6].

> W.LA)) =(W.ESy) (=123.. ... ®

Which can be written as : is the coefficients of current expansion to be
(ZI I =[] ) determined, and
<W1’ Et2n>
Where : [Vi] _ <V_\/2 ,‘Etgn>

(WLE) (WLG) - (WL
WoL) Wl@) - LD o)

= T T
W.L@) WL@) - (WLQ)
Is the excitation matrix includes the effects o
antenna aperture.

is the generalized impedance matrix , Eq.(5) can be written as :
i
N EIR73 Y 3
- 2
[Ij]_ : e (12) Where[ Yij ] = [ Zj ]! is the generalized
' admittance
| .
L1

For BoR the impedance is obtainefbas
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. ' _ G,,+G,_ 1
{ T, o, sin(u) S22 602+ costo, ) cost0,)G, | + WT"T“G”}

4 4 —
(Z;f”)” = z Z {_ WTqu SII’](Up) Gn+l 2Gn—l + ar; Tl;_an:|
q

2 wa " p,

1
(Zria )ij = iil:alfrp-l—q Sin(Uq)M _LTq' T_pGn:l

2 T, T
j@quch;M;c;n_l+ n _p_an} - (14)

Where G, is the Greets function, Nis the Whereii denoted) or ¢ and [R] is the radiation
mode ,and the angl® is the angle between the transfer matrix or measurement matrix, which can
vectorst and 2. be calculated as :

And the excitation include the effects of antenna

aperture can be obtained from eq.(12) , which (R) :” Je [Elds 6 - polarized
yields to : N
Vo) = 2n (Ree), =J;_f Jg [E,ds @ polarizec ... (17)
S (15) Where

The total radiation field at any point in space , E' = are-iko[psin(ﬁr)COS@)+ZCOS@)]
radiated in thed and ¢ polarization by active v ¢
apertures on a perfectly conducting body , can be E' =" e-jko[psin(ﬁr)COS@)+ZCOS@ )]
expressed as : ¢ ¢ (18)

E =_jﬂ -k a = denotes or ¢.
E [0 . e™[R[1] ... ao)

RESULTS:

This work consists of two parts . The first part ison the outside boundary of this body (antenna).
considered with calculating the surface current of afrig.(2) shows the computed real , imaginary and the
perfect conducting cylinder after decreasing itsabsolute value of the t-component of the coefficient
radius to a very small value (a=0.001to become electric surface current of this wire antenna for
like a wire, and the second part is considered witldlifferent electric length . The horizontal axis skow
calculating the radiation fields of this wire.In the normalized length of the antenna with respect to
practical, to understand the nature of the radiatiosegment number.
from a BoR we must determine the surface currents
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Fig.2. Tangential component for the coefficients of suaice current distribution for
different lengths.

The radiation patterns in two orthogonal planes of a witerana of different length are plotted in Fig.(3).
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Fig.3. Radiation patterns for the wire antenna of ifferent lengths:

(1) 0251 (2 054 (3) N (¥ 24

10
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Dawood , Abood & Ahmed: RADIATION FIELDS CALCULATION FROM WIRE ANTENNA AS BODY ...

e E_plan €
= = = H-plane

30 60 90 12 50 180

-10 1

-20 1

Power (dB)

-25 4
-30 1
-35 4

4o 0000000000y v <yyyyyimmmmi E-plane

Angle (deg.) = = = H-plane

e E_plane
= = = +Hplane

'
[¢)]
=

=
i
L

N
w
!

Power (dB)

)
N

A
pry

&
<)

=——rF.plane

Angle (deg.) - = = .H-plane

Power (dB)

Angle (deg.)

11
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Journal of Basrah Researches ((Sciencedjpl. 35, No.3, 15 June ((2009))

It is shown from this figure that the peak of theF(B) _ cog(kL /2)cosd] - codkL /2)

radiation patterns are afl equal% for E-plane for sing

.. (19)

all values of the length , while there are morentha This good agreement between these two results
one peakas the length of the wire exceeds thanenable us to say that we introduce a new model for
oned for H-plane Fig.(4) shows a comparison linear antenna (line source) parameters calculation
between the radiation patterns of the wire antenn@hich can be further modified in the future.
determined from eq.(16) for different electrical

length and that determined from a well-known

equation in the literatufe) ;

Eq. (19
Present Wor = — — -
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Fig.4. Comparison of radiation patterns (F-plane)of linear antenna of different lengths
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Eq. (19
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CONCLUSION:

In this theoretical study, the aperture antennavell-known theory and with other
was made as an approach to linear antenna througtethods.
decreasing the radius of conducting cylinder (BoReveloping this model to find other parameters of
to very small value so that it will be like a wire.

The numerical results show a very good agreement
with the previously published data determined by a

this wire antenna.
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