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Abstract: 

 An electric field integral equation (EFIE) is used to formulate the 

radiation problems from conducting bodies of revolution (BoR) with aid 

of Method of Moments (MoM) as a numerical solution to reduced the 

three-dimensional problems to a two dimensional problems. 

 In this paper phased array of slots antenna mounted on the body of 

revolution is analyzed to study the effect of  the number of elements 

(slots) on the radiation pattern. Phase shift between elements of spacing 

0.5 is applied to make the beam maximum is steered. 

 The formulation above give us the results agree with theoretical 

formula, therefore, one can treat such problems numerical with efficient 

results. 
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 Introduction: 

 Several antennas are arranged in space and interconnected to 

produce a directional radiation pattern. Such configuration of multiple 

radiating elements are referred to as an array antenna, or simply, an 

array
[1]

.  

 Elements of an array are dipoles, monopoles, loops, slots, 

microstrip patches, and horns are the most common types of array 

elements. The array antennas are classified according to
[2]

: 

Radiation pattern: broadside, end fir, intermediate, omni directional, 

scanned, shaped beam, multiple beam, adaptive or constrained. 

Geometry: linear, planar, circular, flat, three dimensional, or conformal. 

Elements: dipoles, monopoles, loops, slots, microstrip patches, horns, 

spiral, helices, long periodic, monolithic, active, electrically small. 

Excitation: uniform, binomial, Chabysheve, Fourier, ….. etc. 

 Phased array antennas consists of multiple stationary antenna 

elements, which are fed coherently by using variable phase or time delay 

control at each element to scan beam to given angles in space. Variable 

amplitude control is sometimes also provided for pattern shaping. 

 Beam steering is a concept achieved by controlling the phase or 

time delay between elements of an array using ,as an example, microstrip 

patches antenna, because they are light and un expensive and essay to 

fabricate
[3]

, there are many of parameter affect on the radiation pattern of 

an array antenna such as the mutual coupling between the elements, the 

parameter is studied expensively by
[4]

. Beam steering achieved manually, 

electrically or electronically by fabricate the electrical or electronically 

circuit called beam forming circuit
[5]

. 

        In this paper a slots antenna mounted on the surface of 

rotational symmetric (called body of revolution BoR) is formulated using 

an electric field integral equation (EFIE) with the aid of Method of 



Moments (MoM) as a numerical solution to compute the radiation pattern 

of the array antenna. 

 

Formulation of the Problem: 

An electric field integral equation (EFIE) is widely used to 

compute the scattering and radiation problems from conducting bodies
[7]

. 

The electromagnetic scattering problem is defined as, when electric 

field incident on the body (conductor, dielectric, dielectric coated,…etc) 

the electric or magnetic surface current or both are induced on the body 

surface, the currents therefore re radiate an scattered fields in the 

surrounding area, as illustrated in the boundary condition equation for 

conducting bodies 

si EnEn
tantan

ˆˆ            (1) 

Where iE denoted the known impressed field and sE  the scattered 

field due to the currents induced on surface, while the subscript (tan) 

denotes tangential component on S as shown in Fig.(1). 

 

 

 

  

 

 

 

 

 

 

Fig.(1): the general scattering problem 
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While the radiation problem is suppose that the excitation of the 

body is came from the induced currents on the body and an aperture on 

this body make as a source fed, as shown in Fig.(2) 

 

           

           

         

 

 

 

 

 

 

 

 

Fig.(2): the general radiation problem 

 

 

The radiation field is assumed to be come from an aperture on the body as 

shown in figure above determine from the tangential field of this aperture, 

in the radiation problem the tangential field is exist on the aperture only. 

From eq.(1) the scattered field can be expressed in terms of a vector 

potential A and a scalar potential  as
[8]

: 
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The EFIE can write in the form when vector and scalar potentials are 

applied, as 
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Where E
a
 is the electric field in the aperture,  ,,  the angular 

frequency, permeability and permittivity respectively and G is 
Green’s function for free-space which can be defined as

[8]
: 
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The first step of MoM to solve Eq.(3) is to represent the electric 

surface by an equivalent surface current. 

  The symmetric of the BoR shown in fig.(3) allow to define a 

set of expansion functions, jJ and the current on S approximated by 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig(3): generic  body of revolution. 
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Where 
j

I  are constant to be determined, j is the number of annul ring 

when BOR are divided to N segments. 

 Substituting eq.(5) into eq.(3) we find 



  a

j

jj EJIL tan)(          (6) 

 The second steep of MoM is define a set of weighting functions 
i

W   

and the inner product of eq.(6) with each iW  is taken
[8]

:   
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iji
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We now define the generalized network matrices: 

   )(, ji JLWZ          (7.a) 

and: 

   i

i EWV tan,  ,        (7.b) 

   
j

II            (7.c) 

So eq.(7) can be written as: 

    VIZ           (8) 

 Z  is the generalized impedance matrix and     1
 ZY  is the generalized 

admittance matrix, [V] is the excitation matrix, an [I] is column matrix of 

unknown coefficient. The solution of (8): 

    VYI            (9) 

The impedance elements of eq.(7.a) are explicitly
[8]
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 The current expansion in eq.(5) becomes 
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where 
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and fi(t') is a triangle basis function as shown in Fig.(4), for testing 

function using Galerkin's approach, we chose  
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Which  is a complex conjugate of 

njJ , as
[8]
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Fig(4): Overlapping Triangle Basis Function. 

 

 Eq.(14) are evaluated numerically (for details see [8]), the system 

of linear equation is given by 
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For radiation problem there are two components of surface current tJ  and 

J , the excitation of the body is given by 
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 Subsisting eq.(23) into eq.(21) one can get 
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Which can be written as: 


inin UaV )(  

Where an is the aperture coefficient and 

iU  is the integral part of eq.(17) 

for E and E with respect to slot location Si, which can be solved 

analytically, with the help of the properties of Dirac-delta function, so   
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And  

0for        2

2

0

 
 ndea jn

n 


       (19) 

 Therefore eq.(17) becomes 
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Phased Array Slots Antenna: 

 Linear phased array with equal spaced elements easiest to analyzed 

and forms basic for most array designs. 

 Fig.(5) illustrate the linear phased array antenna fed with elements 

spacing d
[2]
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Fig.(5) : linear phased array antennas with corporate fed. 



 By controlling the phase and amplitude of excitation to each 

elements, as depicted, we can control the direction and shape of the beam 

radiated by array. The phase excitation, n), controls the beam pointing 

angle, o, in phased array. 

 In this work the elements of a linear array are the slots with equal 

space of 0.5 are mounted on the BoR and phase factor must be added to 

eq.(20) is 
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Where Ns is the number of slots, i is the s/Ns and s is scanning angle.

The approximation of plane wave which is depend on Mautz and 

Harrington
[8]

 approximation and treatment is used here. By which, any 

linear measurement of the field from the current sJ on a body S can be 

expressed as linear functional, that is  

 
s
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Where 
rE  is a known function, and J is surface current density. Now, 

using eq.(5) to obtain:  

  IRtmeasuremen         (23) 

Which can be written as 
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Where the sub matrices  Y  are obtained after   Z  matrix is inverted and 

[R] is the measurement matrix. It has been shown that the radiation field 

from currents J on S is given by:  
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Where û is unit vector which specifies the incident wave polarization, 

and rE can be defined as a plane wave as the following: 

rkjrrkjrrrr eueuEEE   
ˆˆ       (26) 

From the equation (22), which shows tow polarized case 
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It is important to noted that    
ini

t

n

  ,  are even function in n 

while    
i

t

nin

  ,   are odd in n, and the excitation matrix  V  differs from 

the measurement matrix  R  only by the sign of  n . 

 If the incident wave is supposed to be plane wave in the direction 

of axis of symmetry (  1800 or  ), it is possible to write the 

following relation as :  
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Where pq represents  ,,, tt . 

Numerical Results: 

 The radiation field components can be derived using eq.(25) and 

eq.(26), to obtain
[9]
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The values of )( 0

ttY  and )( 0

Y  are the inverse of )( 0

ttZ  and )( 0

Z  

respectively. 

 Eq.(28) is solved source code has been build to compute the 

radiation pattern. Fig.(6) illustrated the result of radiation pattern of 16 

slots of spacing 0.5 are mounted on the BoR as a ended sphere cylinder 

of radius 0.2 and total length is 16.5 as a function of steering angles. 

 

           

  

 

 

 

 

 

 

 

 

 

Fig.(6): Radiation pattern of linear phased array antenna of 16 slots of 

o.5 w.r.t steering angle. 
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 The effect of increasing the number of slots to 32 on the radiation 

pattern is depicted in Fig.(7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7): Radiation pattern of linear phased array antenna of (……)16 slots  

and (ـــــــــــ) of 32 slots  spaced by o.5. 

 The effect of steering angle and the number of slots are illustrated 

in Fig.(8). 
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(b) 
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(d) 

 

 

 

 

 

 

 

 

 

(e) 

Fig.(8): Radiation pattern of linear phased array antenna of 16 slots 

(……)  and (ـــــــــــ) of 32 slots  of o.5 with steering angle (a) 16
o
, (b) 

32
o
, (c) 48

o
, (d) 64

o
, and (e)  80

o
. 

Conclusions: 

 Phased array antennas is an array whose main beam maximum 

direction is controlled by varying the phase or time delay to elements 

 In this work one can conclude that: 

The  EFIE formulation with MoM as a numerical solution give a good 

results when compared with that of uniform excited equal spaced linear 

array (UE-ESLA) given in texts of array antenna such as number of SLL 

which are equal to (N-2) where N is the number of elements, as shown in 

Fig.(9), increasing the number of slots antennas, the directivity of array 

antenna increased and become more directive (see Fig.(7)). Controlling 

the phase between the array elements make the main loop scan or steered 

for a given scan angle. The shift in the main loop with a given scan angle 

is independent on  the number of slots (see Fig.(8)). 
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Fig.(9): Radiation pattern of UE-ESLA (……)  and slots (ـــــــــــ) of 16 

elements  of o.5 
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 :الخلاصة 
تمما تخممم متا لة المما تللكمم ا تلالتكمم ية تلما لة مما للة لكمما ل مم يا ت  ممة   لمم  ت   مم ا  

امما تلي امما لتلمم  تلوامما تلل مم لا     مما اتللمولمممم لمم  تلممممسات كل مم ةمم عتاممما تلةممدسا   تاممما ةم

 لى ل  لا  ت ي ا ت كة ا.ت كة ا إ

لصمووفا تللوتي مم ل تل و اما تللاونمما لمم  تلثمموع تلل  مما ةةممى تمما تلة مما فمة ذممات تل لم   

 فضم  ةم . ت  ة  ةما تلةت صت )تلثموع( ةةى ذ اا  تأ  تسات  سا تخا متلك ا تللمولم ل  تلم

 ةةى تتك ها ت   ق فتع عو  ك   تلةت صت تلمة ت ةم ة  كةضل  تل ةض ل  فا نصف عوا لو 

 .ت  ة  لل اا تلوةما تلتي   ا 

لمال  ، لع تلة ق ل تلتظتاا تللمةةما ك للوضو    مم لم  نانم يج  أة مت  أة هتللة لكا  

      وؤم للة لكا ل ا ذاه تلل  يا.  مت   ذاه تل تاما تةم
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