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ABSTRACT: 

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

      The problem of electromagnetic scattering and 
radiation by a body for revolution (BoR) has been 
given a great attention due to its significance in 
communication and radar applications. A BoR is 
three-dimensional object which is formed by 
rotating a planar curve about the axis of symmetry. 
By taking the advantage of the rotational symmetry 
of the BoR, the problem can thus be reduced from 
the three-dimensional case to a series of two-
dimensional problems. This results in a considerable 
saving in both the time of computation and memory 
storage[1] . A large number of structures in the field 
of electromagnetic present symmetry around an axis 
of rotation (BoR). Among these structures there are 
certain types of transmission media, such as coaxial 

cables and cylindrical waveguides; and antennas, 
like wire dipoles, circular microstrip patches, 
cylindrical dielectric, and resonator antennas[2]. 
This body of revolution approach has been applied 
to several numerical methods in electromagnetic 
,including the method of moment (MoM), finite 
elements method (FEM) and the finite difference 
time domain (FDTM) . In this paper ,an electric field 
integral equation (EFIE) is formulated to treat the 
electromagnetic radiation problem for conducting 
bodies of revolution and method of moment is used 
together with Galerkin technique to solve this 
equation and calculate the radiation fields of the 
wire antenna . 

 

   FORMULATION OF PROBLEM: 

        Consider the BoR illustrated in Fig.(1), where 
it is formed by rotating a curve, called “ generating 

curve ” around the z-axis which is also called the 
axis of BoR .  
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Fig.(1):  Body of revolution and Coordinate system 
 

  The radiation from the perfect conductor BoR 
problems is assumed to become from the field on an 
aperture on the closed surface Si, called aperture 
electric field which has a value over the aperture and 
zero elsewhere just outside Si . 

  The boundary condition states that the tangential 
electric field must vanish on the surface S of the 
conducting :  

 ( ) aEnJEn tantan ˆˆ ×=×−     …………(1) 

         Where  is the outward  unit normal vector, 

 is the aperture tangential electric field. 

 According to the method of moment theory[3], the 
unknown currents (J) on the surface  S  of  a 
radiating body are expressed in a finite modal 
expansion. This electric current density, induced on 
the BoR can now be decomposed into two 
orthogonal components along the unit vectors  

and  and expressed in the form[4,5]:  

 ∑=
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mj JIJIJ φφ

         ………. (2) 

      Where  ,  are the tangential and 

circumferential components of an orthogonal set of 
expansion functions sparming the surface S, m is the 
index refer to the Fourier mode number includes all 
integers and zero, j  is the subscript refers to the jth 

annulus along the z-axis into which S is subsection, 
and Ij is the unknown coefficients of the 
expansion  . 

 The electric field can be expressed as : 

)()( rrAjE Φ∇−−= ω
 
        ……….  (3) 

  where A(r) and )(rΦ represent the vector and 
scalar potential, respectively.  

  They are defined by : 
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   Where µε and  are the permittivity and the 
permeability of the electric material, , 

are the position vectors of the field and 

source points, k  is the wavenumber of free space, 

σ  is the surface electric charge density, and J   is 
the surface current density on S . 

 Combining eqs.{(1)-(5)} , we arrive at : 
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Where :       

  

    As the procedure of the MoM, it will generally 
be advantage to choose weighting functions (W) 
that minimize the computations required to 
evaluate the inner products. Because of this, W is 
selected to be the complex conjugate of the 
surface current  (W = J*) [6]. 

    By using the integro-differential operator L , 
Eq.(6) can be written as, 
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    The inner product of eq.(7) with W  is : 
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Which can be written as : 

[Zij]  [ Ij] = [ Vi]                         …………… (9) 
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    is the generalized impedance matrix , 

[ ]




















=

j

j

I

I

I

I
M

2

1

           

  ……………(11) 

 

    is the coefficients of current expansion to be 
determined,  and 
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    Is the excitation matrix includes the effects of 
antenna aperture. 

    Eq.(5) can be written as : 
 

[ Ij ]=[ Yij ][ Vi ]                ……… (13) 

   Where [ Yij ] = [ Zij ]-1 is the generalized 
admittance. 

 

    For BoR the impedance is obtained as[6] : 
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    Where nG  is the Green’s function, n is the 

mode ,and the angle υ  is the angle between the 

vectors t̂ and ẑ .  

    And the excitation include the effects of antenna 
aperture can be obtained from eq.(12) , which 
yields to : 
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    The total radiation field at any point in space , 
radiated in the θ and φ polarization by active 
apertures on a perfectly conducting body , can be 
expressed as : 

[ ][ ]IRe
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π
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4
ˆ   …. (16) 

    Where  denotes θ or φ  and [R] is the radiation 
transfer matrix or measurement matrix, which can 
be calculated as :  
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          Where 
 

 

… 
(18) 

          ⇒α  denotes t  or φ .      

 

 

RESULTS: 

      This work consists of two parts . The first part is 
considered with calculating the surface current of an 
perfect conducting cylinder after decreasing its 
radius to a very small value (a=0.001λ) to become 
like a wire, and the second part is considered with 
calculating the radiation fields of this wire.In 
practical, to understand the nature of the radiation 
from a BoR we must determine the surface currents 

on the outside boundary of this body (antenna).  

Fig.(2) shows the computed real , imaginary and the 
absolute value of the t-component of the coefficient 
electric surface current of this wire antenna for 
different electric length . The horizontal axis shows 
the normalized length of the antenna with respect to 
segment number. 
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The radiation patterns in two orthogonal planes of a wire antenna of different length are plotted in Fig.(3). 
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Fig.2. Tangential component for the coefficients of surface current distribution for 
different lengths. 
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Fig.3.  Radiation patterns for the wire antenna of different lengths:  
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    It is shown from this figure that the peak of the 

radiation patterns are at  θ  equal 
2

π
 for E-plane for 

all values of the length , while there are more than 
one peak as the length of the wire exceeds than 
oneλ  for H-plane.  Fig.(4) shows a comparison 
between the radiation patterns of the wire antenna 
determined from eq.(16) for different electrical 
length and that determined from a well-known 
equation in the literature[7] ; 

( )[ ] ( )
θ

θθ
sin

2/coscos2/cos
)(

kLkL
F

−=   … (19) 

    This good agreement between these two results 
enable us to say that we introduce a new model for 
linear antenna (line source) parameters calculation 
which can be further  modified in the future. 
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Fig.4.  Comparison of radiation patterns (H-plane)of linear antenna of different lengths  
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CONCLUSION:    

      In this theoretical study, the aperture antenna 
was made as an approach to linear antenna through 
decreasing the radius of conducting cylinder (BoR) 
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 

well-known theory and with other numerical 
methods. Future work should concentrate on 
developing this model to find other parameters of 
this wire antenna. 
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  (BoR)محوريا كجسم متناظر ساب مجالات الإشعاع الصادرة عن هوائي خطي دراسة نظرية في ح

  

  1احمد االله عبد زكي             2عبود هاشم احمد             1دداو مسلم رانيا

  البصرة جامعة - العلوم كلية - الفيزياء قسم1

  ميسان جامعة - الأساس التربية كلية2

  

  -:الخلاصة

 يوالت محوريا المتناظرة كهربائياً صلةالمو الأجسام على اعتمدت قد الدراسة هذه في الكهرومغناطيسـي الإشعاع مسـالة معالجة أن     
 مع العددية العزوم طريقة اعتماد تم والتي فقط الكهربائي للمجال التكاملية المعادلة مع التعامل أسـاس على المبنية المعـالجة علينا تسهل
 وحـساب  الـسطحية  التيـارات  لةدا لوصف نظريـة دراسـة البحث هذا يقدم. الدقة في غاية نتائج أعطتنا حيث حلها في كالركن تقنية

 خـلال  من) خطي(سلكي هوائي إلى الفتحـة هوائي تقريب الدراسـة هذه في تـم حيث سلكي، هوائي من المنبعثة الإشعاعية المجالات
 حد إلى متطابقة نتائج إلى أدت الفرضية هذه اعتماد أن. سلك عن عبارة الاسطوانة تصبح بحيث جدا صغير مقدار إلى القطر نصف تقليل

 هـذه  أن القول من مكننا ما وهذا الموضوع أدبيات في أسـاسية بصورة المعروف الخطي بالمصدر الخاصة النتـائج مع جـداً كبيـر
 المـستقبل  فـي  تطويرها يمكن والتي السـلكي الهوائي معـاملات حساب في جديـداً نموذجـاً تُعتبر بحثنا في اعتُمدت التي الطـريقة
  .الإشعـاع مقاومة وخصوصاً معاملاتال بقية لإيجـاد
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