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AAbbssttrraacctt  

 In this paper the phased array consist of a circular aperture 

antennas are arranged in linear array to study the effect of the number of 

elements on the radiation pattern parameters.  

The effect of distribution of current on each elements also studied to 

reduced the side lobe level.   

 

J.S.T
Typewritten text
Website: http://jsci.utq.edu.iq                                             Email:utjsci@utq.edu.iq



 

61 

 

J.Thi-Qar Sci           Vol.1 (4)                          May/2009          
 

 
 

IInnttrroodduuccttiioonn  

 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]

. For application where higher gain or more directive 

radiation patterns are required , it is necessary to increase the size of antenna  .Using an 

array of radiating elements can increase the antenna size. The radiated field from an array 

of a given point in space is the vector sum of the radiated fields from the individual 

elements. In other words, the far field of the array is determined by superposition
[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, endfir, intermediate, omnidirectional, 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 easy to fabricate
[3]

, there are many of parametera 

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]

. 

 A linear array is a set of radiating elements arranged on a line as illustrated in Fig 

. (1 ) . It should be noted here that the formulation here is for equally spaced linear array . 
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An antenna that has a physical aperture opening with a circular shape is said to be 

circular aperture, various forms of circular aperture antennas are encountered in practice. 

The radiation pattern of the circular aperture antenna is determined by using the sufficient 

value of aperture's diameter and current distribution function on the aperture, this antenna 

my be excited uniformly or non-uniformly distribution. 

 The combined electric field measured at a far field point P is computed as the 

product between the array factor and the element pattern, 

E(P)= E(one element)(array factor)   …………………………………..  (1) 

The array factor is general function of the number of elements, their spacing and their 

relative phases and magnitudes
[6]

. 

 In this paper the linear array consist of circular aperture as an elements is studied 

and applying the phased array.  
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Fig . (1) : Linear array of equally spaced elements 
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TThheeoorryy::  

 Consider liner array of circular aperture as depicted  in Fig.(1). Let element a0 

serve as a phase reference of the array. From the geometry. It is clear that an outgoing 

wave at the nth element lags the phase at the (n-1)th element by kdcos , where . 

The element factor is the circular aperture, the radiation field (electric field) is given by
[6]

, 

 ………………………..     (2) 

Where a denotes aperture, and  

 ………………………………………………     (3) 

and 

 

Where n is an integer represent the distribution type, as an example n=0 refers to uniform 

distribution and n=1 means parabolic distribution and so on. 

 

 To simplifying eq.(1), some mathematical manipulations are done as 

  

 

So, 

 

Then eq.(1) become, 

…         (4) 

In case of uniform distribution (i.e. n=0) the current distribution function is unity, one 

can get 

  …………………….   (5) 

The second integral of ' is solve by using identity of  Bessel's function as 

 ……………….………………………..                (5-a) 
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Where Jo(z) is the Bessel function of the first kind of the order zero. Because of the 

circular symmetry over aperture, the electric field independent of , hence, 

 and eq.(1), re-written as, 

 

    ………………………………………….      (6) 

 In the general form (i.e. n>0) re-call that 

  ……………………….(6-a) 

Suppose,  and  

  ………………………………………                      

(7) 

 The array factor as shown in Fig.(1) is given by. 

 ……………………………………………..      (8) 

Expanding the summation in Eq.(8) yields, 

 ……………………………   (9) 

The right side of Eq.(9) is a geometric series, which can be expressed in the form 

  ……………………………..  (10) 

Replacing a by kdsin  yields, 

   ………………………(11) 

       ……………………………                           (12) 

The maximum value of  

normalized intensity pattern is equal to, 

         …………………………………            (13) 
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The total radiation at point P is 

E(P)=( )( ) ………        (14) 

Where N is the number of elements, d is the space between elements, and a is the radius 

of a circular aperture. 

 The main beam of an array can be steered electrically by varying the phase of 

current applied to each array element. Steering the main beam into the direction-sin sin o 

is accomplished by making the phase difference between the two adjacent elements equal 

to o. In this case, the normalized radiation pattern can be written as, 

    ……………………….                              (15) 

Where o is steering angle. 

  

NNuummeerriiccaall  RReessuullttss  

 After completing the mathematical treatment of the electromagnetic problem, the 

source code has been build with the help of MATLAB program the study the effect of the 

number of elements and steering  angle. 

 A circular aperture of 0.5 diameter has been used with N=8 elements arranged 

along the z-axis with equally spaced of  0.5. Fig.(2) shows the result of steered pattern 

from 0
o
 to 90

o
. 
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Fig.(3) shows the result of steered pattern from 0
o
 to 90

o
.                                                     
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Conclusions  

 As shown from Fig.(2) and Fig.(3) the main lobe becomes narrow then the 

directivity is increased when the number of array element increased. Also, the array 

pattern is steered by controlling the phased of current distribution to each array element. 
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 الخلاصة

في هذا العمل  المفلفةفا الرةة لا المةةملا ولئ هةاايلتح الفتالا الداار لا  المر  لا   لة   

 وعتولاح هية  ال عتع. ىوففةفا خريا دُةِسَّ  أثير عدد العنتصر عل

 م دةاسا  تثير دالا  ةز ل  التيلتة عللى عل  عنفلر ولئ عنتصلر المفلفةفا وسلل  لدةاسلا   

 لهية  الاشعتع.  قلي  وستةى الفلقتح الثتمة ا

 

 وففةفا هةاايتح الفتاا الداار ا الخريا الرةة ا

 احمد هتشم ع ةد
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