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Abstract 

In this paper we study the effect of curvature rate on the generated electric field at the 

focus point if the frequency and diameter are constants .We assume that the incident 

electromagnetic waves distributed uniformly on each point of the reflector surface ;hence 

we can imagine that this reflector has uniform surface charge ,and this body will generate 

an electric field on all points in front of it (including the focus point) . This field can be 

obtained by using coulomb’s law .The derived expression for electric field show that X 

and Y components will vanish and the electric field has a Z-component only (axis of 

symmetry) .We draw the resultant electric field as a function of (F/D) ratio at constant 

antenna diameter .The obtained result showed that the electric field will increase as  (F/D) 

ratio decrease, and decrease as (F/D) ratio increase if antenna diameter is constant .There 

is some fluctuations in the values of electric field when antenna diameter is small ,and this 

fluctuations will decrease as antenna diameter increase at constant (F/D) ratio. 
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Introduction:- 
Reflector antenna, in one or another form, have been in use since the discovery of 

electromagnetic wave propagation in 1888 by Hertz[1]. However the fine art of analyzing 

and designing reflectors of many various geometrical shapes did not forge ahead until the 

days of  II World War when numerous radar applications evolved. Subsequent demand of 

reflectors for use in radio astronomy, microwave communication and satellite tracking 

resulted in spectacular progress in the development of sophisticated analytical and 

experimental techniques in shaping the reflector surfaces and optimizing illumination 

over their apertures so as to maximize the gain. The use of reflector antennas for deep-

space communication, such as in the space program and especially their deployment on 

the surface of the moon, resulted in establishing the reflector antenna almost as a 

household word during the 1960s. Although reflector antennas take many geometrical 

configurations, some of the most popular shapes are the plane, corner, and curved 

reflectors (especially the paraboloid), as shown in Figure (1). Parabolic reflector is one of 

the famous form of reflector antenna. It has been shown by geometrical optics that if a 

beam of parallel rays is incident upon a reflector whose geometrical shape is a parabola , 

the radiation will converge (focus) at a spot which is known as the focal point .In the 

same manner if a point source is placed at a focal point the rays reflected by a parabolic 

reflector will emerge as parallel beam. This is one form of the principle of the reciprocity. 

The symmetrical point on the parabolic surface is known as the vertex the point in which 

the incident waves will emerge on it [1]-[3].There are different parameters which will 

effect on performance of parabolic reflector ,one of these parameters is the curvature 

rates[4]. In this paper we study the effect of curvature rate on the received power in a 

parabolic reflector . 

 

Theory:- 

The simplest reflector antenna  consist of two components :a reflector surface that is large 

relative to  a wavelength  and a much smaller feed antenna .The most popular form  is the 

parabolic reflector shown in figure(2).The reflector  or dish is a paraboloid of revolution. 

The intersection of the reflector with any plane containing the reflector axis(Z-axis) 

forms a curve of the parabolic type shown in fig(2).The equation describing the parabolic 

surface shape in the rectangular form using (ρ’,Zf) is[5] 
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fZFF                    a'       ……………………………………..……(1)   

The apex of the dish corresponds to 0'  and FZ f  and the edge of the dish is  

a'  and 
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a
FZ f  . For a given displacement ' from the reflector axis ,the point 

R on the reflector surface is fr  distant  away from the focal point .The parabolic curve 

can also be expressed in polar coordinate as [5] 
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Then the projection of this distance fr onto the aperture plane is  
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At the apex ( 0f ), Fr f  , and 0'  , at the reflector edge ( 0 f ), 
0cos1

2




F
r f  

and a' .The axisymmetric parabolic reflector is completely specified with two 

parameters: the diameter D and the focal distance F. Equivalently, the reflector is often 

stated in terms of D and F/D ratio ,which give the size and shape(curvature rate) 

respectively[5] .If we increase the diameter D then the gain of the parabolic reflector 

increase as shown in figure (3).If we want to study the effect of curvature rate on the 

received power we can imagine the parabolic reflector as a surface charge with a surface 

charge density  s .This charge will generate an electric field at all points in front off the 

reflector .To find the electric field at the focus point we use (coulomb’s low)[7] : 
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Where Q is the total charge 0 is the relative permittivity, R is a vector from the radiating 

point to the focus point. Then 
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Any point on the paraboloid can be represent as (X,Y,Z), while the focus point which is 

on the Z-axis is (0,0,F), this make the vector R as follows: 
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and 
2222 )( ZFYXR                                 …………………………………………..(8) 
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The equation of a paraboloid is [8] 
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Where a,b,c are constants. 

 dsdQ S , where S is the surface charge density, and  dXdYds  is a unit  area on the 

paraboloid surface, substitute these relations on the electric field equation (5) gives  
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If we assume that the S  is constant [uniform surface charge i.e. the incident waves 

distribute uniformly] then the components of electric field on X and Y directions will 
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vanish and the Z component will remains only, hence the electric field equation become 

as follows: 
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If we go back to the equation of the paraboloid  
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For a paraboloid condition ,a and b must be equal 
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hence the paraboloid equation becomes : 
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To find the electric field at the focus point,  which is on the Z-axis, we must integrate 

equation(14),the variables X and Y will vary from 
2

D
 to 

2

D
 

 
 






2

2

2

2
2

3

22222

22

1

)))(
4

1
(((

))(
4

1
(

D

D

D

D

Z

YX
F

FYX

dXdYYX
F

F

KE                 ………………………...(15) 

where 
0

1
4

SK   

In this paper we study the effect of (F/D) on electric field and the received power, which 

is proportional to electric field at the focal point [9] 
2ES                                                                                          ………………………(16) 
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Simulation and Results:- 
Matlab 6.5 code is used to find the numerical integration of electric field equation for 

different values of antenna diameter and the resultant electric field will be a function of 

curvature rate (F/D). The same program is used to draw the electric field equation as a 

function of (F/D).At the simulation we assume the frequency is constant at 12 GHz. The 

electric field shape is shown in figs (4)-(10) for antenna diameters 0.5m,1,1.2,1.5,1.8,2, 

and 3m.From the figures we see that the electric field is decrease as (F/D) ratio increases 

and the electric field increases  as (F/D) ratio decreases when the antenna diameter is 

constant. The electric field is very sensitive to variation in (F/D) ratio at low level of it, 

for example when D=0.5 and (F/D)=0.1, the electric field 0.5(volt per meter), while 

(F/D)=0.2 the electric field will decrease by 3dB. At high level of (F/D) ratio, this 

sensitivity will reduce, for example when D=0.5, and  (F/D)= 0.25 the electric field same 

as (F/D)=0.3.If we increase the antenna diameter,  the electric field shape will become 

more stable (no fluctuation) for various values of (F/D) ratio . 

 

 

 

 

 

 
 

 

 

  
Fig.(1):Geometrical configuration for reflector systems 
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Fig.(2): Three-dimensional geometry of a paraboloidal reflector system 
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Fig.(3):The antenna gain as a function of diameter 

Fig(4): The electric field as a function of (F/D) when D=0.5m 
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Fig.(5):The electric field as a function of (F/D) when D=1m 

Fig.(6): The electric field as a function of (F/D) when D=1.2m. 
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Fig.(7):The electric field as a function of (F/D) when D=1.5m. 

 

Fig.(8): The electric field as a function of (F/D) when D=1.8m. 
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Fig.(10):The electric field as a function of (F/D) when D=3m. 

 

Fig.(9):The electric field as a function of (F/D)  when D=2m. 
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على القدرة المستلمة في العاكس المكافئ ءتأثير نسبة الانحنا  

 

 أمين شريف غازي       احمد عبد الهادي فاضل

جامعة ذي قار -كلية الهندسة    

 الخلاصة
للتولاد فاي نة اة الباعرد لناد ثباو  تم في هذا البحث دراسة تأثير نسبة الانحناء  لىاش لاال الل اءل الائرباء ي ا 

التاردد وط ار الئااوا ي رافترإانء مو اللو اء  الائرولينء يسااية تساة  بواورد لتسااءوية لىاش اال نة ااة لاو نةااء  
لااو  ساام للااحوو  لبااءرد الئااوا ي الكااءاش وبلااال لنااتام وبءلتااءلي فلااو الللاااو او نتوياال او هااذا الئااوا ي هااو

بلحنة س حية لتسءوية وهذا ال سام لاا الةءبىياة لىاش تولياد ل اءل ائرباء ي فاي  لياا النةاء  اللوا ئاة لاا  ولاو 
إلنئء نة ة البعرد( ويلاو حسءب هذا الل ءل بءستودام طءنوو اولوم روطد تبيو لو ولال الالتةءق او الل ءل 

تااام رسااام هاااذا رالأوااار    تااااوو هنءلااار اة لراباااة بءلات ءهاااء ولا لحاااور التلءثااال لىئاااوا ي هاللتولاااد ساااياوو بءت اااء
الل ااءل اللتولااد بدلالااة نساابة الانحنااء  وللوتىااه طاايم ط اار الئااوا ي  روطااد اائاار  النتااء   او  الل ااءل الائربااء ي 

ند ثبو  ط ر الئوا ي رالء اائر  النتاء   او يزداد اىلء طى  نسبة الانحنء  ويةل اىلء ازداد  نسبة الانحنء  ل
ياااوو لتذبااذبء لناادلء ياااوو ط اار الئااوا ي وااييرا ويةاال هااذا التذبااذب اىلااء ازداد ط اار  الل ااءل الائربااء ي اللاا

 ر                       الئوا ي لند ثبو  نسبة الانحنء 
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