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Abstract: 

 Two theoretical analysis methods; Aperture Field Method (AFM) and Induced Current Method 

(ICM),have been studied  for obtaining the radiation fields of parabolic reflector antenna fed by two 

types of microstrip antenna. 

Calculations have been made of the radiation parameters and patterns of parabolic reflector, when 

exciting its surface by Circular (CRMA) and outer shorted Annular(ARMA) Ring Microsrtip Antenna. 

These calculations give the best results, for the aperture diameter (D=20λ) and ratio (f/D) that  taken at 

edge illumination about        (-3dB). As a result, both methods are in a complete agreement in studying 

of radiation patterns in principle planes (E and H) at far-field region. 
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Introduction: 

 In general, the Antennas play a very 

important role in the field of communication 

system. Some of them are parabolic reflector 

and patch antenna. The performance and 

difference in the radiation parameters of 

parabolic reflector antenna is depending on the 

type of feed elements   that used for exciting its 

surface (Ghobrial et al., 1989 ;Kooi et al., 1987) 

. 

 In other hand, the patch antennas such as 

microstrip have been receiving much attention 

due to its many conventional valuable 

properties like low-profile, light-weight, slim 

size ,and reasonably cheep to manufacture (Lo 

et al., 1979 ;Lai et al., 2008) . 

 In addition, the microstrip antenna that 

operates as a single element suffer from same 

drawback like narrow frequency low gain and 

low radiation efficiency (Kumar et.al. 2006). 

Two types of microstrip antenna    have been 

used as feed element of reflector antenna with 

small (f/D); the first one is Circular Ring 

Microstrip Antenna and the second is outer 
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shorted Annular Ring Microstrip Antenna .A 

CRMA shown in Fig.(1) is characterized by a 

single parameter, namely it’s radius (a) and 

thickness dielectric (t). Consequently, this study 

dealt with theoretical analysis of radiation 

characteristic of parabolic reflector antenna  

excited by circular and annular microstrip 

antenna that  placed at the reflector focal point. 

This analysis was carried out by applying AFM 

and ICM methods. 

 

Analysis of the radiation fields 

    The theoretical analysis of the radiation 

pattern of parabolic reflector antenna has been 

studied by applying two methods (AFM), and 

(ICM). 

 

1- Aperture Field Method 

    The first method in analysis is known as the 

Aperture Filed Method which is based on the 

knowledge of the tangential field component at 

aperture plane of the reflector (Obaid, 1985) . 

The structure diagram which is used in the 

theoretical analysis study is shown in Fig. (2).It 

consists of a microstrip antenna with radiating 

patch has a circular segment of radius (a) and 

dielectric of thickness (t) and paraboloid 

reflector with circular aperture. The microstrip  

is centered at the origin coordinate 

system(xf,yf,zf) located at focal point of the 

parabola as a primary feed, while, the  

paraboloidal reflector is centered at the another 

origin coordinate system(xa,ya,za) which is 

assumed setup in the far-field region of the 

primary feed CRMA and ARMA. The radiation 

field components that radiated from exciting 

sources have been computed by applying the 

Simple Cavity Model (SCM) (EI-Khamy et al., 

1986;Zakaria et al., 2008) ,as the following:  

 

A-Circular Ring Microstrip Antenna 
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Where     E )ka(J tV n  

        V  is the edge voltage at (a, 0), 

         t   is the thickness of dielectric substrate, 

        Jn is the Bessel function of the first kind of order n,  

   k,k  is the propagation constant in the dielectric and the free space. 
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The resonant frequency  fmn of a CRMA can be expressed as (Lai et al., 2008):- 

 

ra2

cmnx
mnf


  

Where  xmn   is the zeros of the derivative of the Bessel function  Jn 

  C is the speed of light in free space  

 r  is  the relative permittivity  

Also for dominant mode TM11  xmn  =1.4811. 

And   t=1.59mm,   E0=1,     120  Z, 3.5r  . 

 

B -Outer Shorted Annular Microstrip Antenna 
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Where Yn is the Bessel function of the second kind of order (n), a and b are the outer and inner radii, 

and for the dominant mode TM11   Ka=Xmn =3.5133. 

The electric field incident on the reflector surface at point ),,r(P fff  is given by 
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In order to, describe the reflection process for 

large reflector(D>>λ), the geometric optics 

principle can be applied and the relation 

between the incident electric field (Ei) and the 

reflected electric field (Er) at point (P) followed 

to a number of conditions (Stutzman et al., 

1981) . 
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As a result, the reflected electric field with constant amplitude and different phase gives:  
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The  tangential electric field Et at the point 

),(Q   in the aperture plane , after the 

reflected ray reaches point Q with phase delay  

( 
PQjk

e 
), is calculated from the reflector 

surface as :  

 

)]fcos
f

Efsin
f
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It is particularly useful to describe the Et at point Qa which is located at center of the circular aperture 

by: 
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E(aŷ)sin
f

Ecos
f

E(ax̂[
PQjk

etE  


 


  
(6) 
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The electric vector potential ( F


) is set up at an observation point ),,r(P   due to the magnetic 

surface current density ( M


), which is associated with ( tE


) on the aperture of parabola, is 
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yx Fŷ Fx̂F 


 

Where Fx and  Fy are defined by  

yP 
r4

rjk
e

yF    ,                  xP 
r4

rjk
e

xF


 



  

And  

 



ar

0

dd 
)cos(sinjk

e  axE

2

0

xP 


  

 




sa

dd 
)cos(sinjk

e sM 
r4

rjk
e

F 






Basrah Journal of Science (A)                                                                       Vol.30(2),30-43, 2012 

 

34 

  



ar

0

dd 
)cos(sinjk

e  ayE

2

0

yP 


  

The scalar radiation electric field in the far-field of parabolic reflector antenna fed by circular and 

annular microstrip antenna gives 

 

                     cos y F sin xF- jkE                                                              (8-a) 
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 2-Induced Current method  

 The second method in this work paper 

analysis, is known as (ICM), which is based on 

calculates the radiated field from the electric 

current induced on the reflector surface due to 

the primary field of the feed (Hongo et al., 

1987). Fig.(3) shows the structure which is used 

in ICM analysis method . 

The electric surface current density (Js)on the 

reflector surface of paraboloid reflector antenna 

is related with the magnetic field (H) by 

equivalent principle (Stutzman et al., 1981) as : 

ts Hn̂J


  

Where ( n̂ ) is the normal unit vector at point on 

the reflector surface. As a result, the magnetic 

field set up at the point ),,r(P fff   is given 

by  
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  The tangential magnetic field (Ht) at point 

located at the vertex of the  paraboloid  
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Using equivalent principles the electric surface 

current density on reflector surface is given by: 

 zsJsẑ ysJsŷ xsJsx̂sJ 


            (10) 
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components of the induced current density in 

Eq.(11) are the main source of radiation in an 

observer point ),,r(P   and source of the 

magnetic vector potential in the same point 

which  can be written as:  
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  So that, the component of the magnetic vector potential (
pA


)is given by 

zsAsẑ ysAsŷ xsAsx̂pA 


                                                                                   (13) 

expressing Eq.(13) in spherical coordinate and retaining only  (θ and φ) components of pA


 gives : 

zsA sin -ysA sin cosxsA  cos cos
p

A                                                  (14-a) 

ysA cos xsA  sin
p

A                                                                                  (14-b) 

Consequently, the radiation electric fields in far-field region can be written as : 

  zsA sin -ysA sin cosxsA  cos cos  Zjk  -E                              (15-a) 

  ysA cos xsA  sin  Z-jkE                                                                 (15-b) 

 

Result and discussion   Theoretical results of the radiation field 

patterns of a paraboloid reflector antenna 
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operating in (10GHz),excited  by Circular Ring 

and Annular Ring microstrip antenna are 

operating with TM11 mode, are obtained by 

numerical evaluation of Eq.(8)  and 

Eq.(15),which are obtained by the use of AFM 

and ICM  method as a mathematical model. 

Fig. (4) and Fig.(5)show the radiation patterns 

of parabolic reflector with (D=20 λ) and ratio 

(f/D) were taken at edge illumination (-3dB)and  

(-6dB), excited by a Circular and outer shorted 

annular microstrip in the planes E(φ=90)and 

H(φ=0) also in (co-polar and cr-polar 

φ=45).These patterns are given a complete 

agreement between AFM and ICM for both 

feeders(excited sources).  

Fig.(6)and table (1) are show, the comparison 

between the radiation field patterns and 

parameters of the paraboloid  reflector fed by 

CRMA and ARMA in principle planes at the 

best results ,that are chosen at the  ratio (f/D) 

taken at edge illumination (-3dB) and  parabola 

diameters(20 λ). 

 

Conclusions 

 In conclusion the AFM and ICM 

methods are more suitable mathematical 

models to compute the radiation field patterns 

of paraboloid reflector, that excited by 

microstrip antennas. Furthermore, choosing the 

reflector with a small(f/D) ratio and a high 

directivity is more conventional when circular 

microstrip antenna is used as a exciting source  

of the parabolic reflector antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(1):circular microstrip antenna 
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Fig.(2):Coordinate system of parabolic reflector antenna ,using (AFM). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(3):Coordinate system of parabolic reflector antenna ,using (ICM). 
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Fig(4): Radiation patterns of parabolic reflector antenna, with (f/D) taken at edge 

illumination (-3 dB) and (-6 dB), fed by circular microstrip antenna CRMA in principle 

planes by using AFM and ICM methods. 
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Fig(5): Radiation patterns of parabolic reflector antenna, with (f/D) taken at edge 

illumination (-3 dB) and (-6 dB), fed by outer shorted annular  microstrip antenna ARMA in 

principle planes by using AFM and ICM methods. 
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Fig(6): Comparison between radiation patterns of parabolic reflector antenna in H-and E- 

planes fed by CRMA and ARMA 
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 التحلُل النظرٌ لوجالاث الإشؼاع لهىائٍ القطغ الوكافئ هغذي بالهىائُاث

 دائرَت الشكل  الشرَطُت

 

 

 

ػىى ػُسً سلواى   و  ػقُل ساهٍ طاهر  و  ػلاء ػبذالحلُن هاشن 
 الؼراق, البصرة , جاهؼت البصرة , كلُت الؼلىم , قسن الفُزَاء 

 

 

 الخلاصت

حى اسخخذايها   (  ICM)وطشيقت انخياساث انًحخثه ( AFM) طشيقت يجالاث انفخحت  ,     يخُاول انبحث طشيقخيٍ في انخحهيم انُظشي 

. نخحذيذ يجالاث الإشؼاع نهىائي قطغ يكافئ يغزي بُىػيٍ يٍ انهىائياث انششيطيت 

  وهىائي  (CRMA)حساباث هياكم ويؼايلاث الإشؼاع نهىائي انقطغ انًكافئ ػُذيا يثاس سطحه انؼاكس بهىائي ششيطي دائشي

 يأخىرة ػُذ حافت  (f/D)وبُسبت (D=20λ)أػطج أفضم َخائح ػُذ اخخياس قطش انؼاكس ,(ARMA)ششيطي حهقي يغهق يٍ انخاسج

(. 3dB-)إضاءة بحذود 

. فأٌ كلا انطشيقخيٍ أػطج حىافق حاو نهياكم انًجالاث الإشؼاػيت في انًسخىياث الأساسيت في يُطقت انًجال انبؼيذ نلإشؼاع, وبانُخيجت

 

 .هىائي ,ػاكس قطغ يكافيء ,هىائي يايكشوسخشب : الكلواث الوفتاحُت 


