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Abstract. Reflector antennas are characterized by very high gains (30 dB and higher) 
and narrow main beams. They are widely used in satellite and line-of-sight microwave 
communications as well as in radar. Reflector antennas operate on principles known long 
ago from the theory of geometrical optics. The first reflector system was made by Hertz 
back in 1888 (a cylindrical reflector fed by a dipole). The radiation fields from aperture 
antennas, such as slots, open-ended waveguides, horns, reflector and lens antennas, are 
determined from the knowledge of the fields over the aperture of the antenna. In this 
paper, we analyzed the effects of feeds relating to the parabolic reflectors such as 
waveguide and horn. We show the variations of the gain in the electric and magnetic 
planes (E and H) according to the angle of incidence. In our case, we use the origin to be 
at the focus. 
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1. Introduction 

There are two basic techniques to the analysis of the 
radiation characteristics of reflectors. One is called the 
current distribution method, which is a physical optics 
(PO) approximation. It assumes that the incident field 
from the feed is known, and that it excites surface 

currents on the reflector surface as 
i

s HnJ ×= ˆ2 . This 
current density is then integrated to yield the far-zone 
field. It is obvious that PO method assumes a perfect 
conducting surface and reflection from locally flat 
surface patch (it utilizes the image theory). Besides, it 
assumes that the incident wave coming from the primary 
feed is local plane far-zone field. This technique is 
discussed in [1–3]. 

For the aperture distribution method based on 
geometrical optics (GO) concepts, the field is first found 
over a plane, which is normal to the reflector axis, and 
lies at its focal point (the antenna aperture). GO (ray 
tracing) is used to do that. Equivalent sources are formed 
over the aperture plane. It is assumed that the equivalent 
sources are zero outside the reflector aperture. In this 
paper, we discuss in detail only the aperture-field case. 

The field distribution at the aperture of the reflector 
antenna is necessary in order to calculate the far-field 
pattern, directivity, etc. Since all rays from the feed 
travel the same physical distance to the aperture, the 
aperture distribution will be of uniform phase. 

In the above considerations, it was said that the 
aperture field has uniform phase distribution. This is true 
only if the feed is located at the focal point. However, 
more sophisticated designs often use an offset feed. In 
such cases, the PO method (i.e. the current distribution 
method) is preferred. 

2. Radiation patterns of reflector antennas 

A typical parabolic reflector, fed by a horn antenna 
positioned at the focus of the parabola, is shown in Fig. 1. 

The projection of all the reflected rays onto a plane 
perpendicular to the z-axis such as the xy-plane can be 
considered to be the effective aperture of the antenna. 
This is shown in Fig. 2. 

In Fig. 2, we use the parameters χψ ,,R  to 
represent the spherical coordinates points on the 
reflector surface, φθ ,,r  are the spherical coordinates 
points in the radiation zone of the reflector antenna. 
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Fig. 1.  Parabolic reflector antenna with feed at the focus. 
 
 

The electric far-zone field radiated by the aperture 
distribution of aE  is obtained from [4, 5] 

[ ]

[ ],sincos
2
cos1

π2

,sincos
2
cos1

π2

φφ
θ

φφ
θ

φ

θ

xy

jkr

yx

jkr

ff
r

e
jkE

ff
r

e
jkE

−
+

=

+
+

=

−

−

 (1)                                                                            

where the vector yfxff yx ˆˆ +=  is the Fourier transform 
over the aperture: 

( ) ( ) ( )∫ ∫ −=
a

jk
a ddeEf

0

cossin
π2

0

,, χρρχρφθ χφθρ . (2)                                                                               

We may convert this into an integral over the feed 
angles χψ ,   by using aE  expression and =ρρd  

( ) ψψ dFR 2/tan2= . Then, the R/1  factor in aE  is 
canceled, resulting in: 

 
 

 
 
Fig. 2. Geometry of parabolic reflector antenna and its pro-
jected effective aperture. 
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Given a feed pattern, ( )χψ ,if  the aperture pattern 
( )χψ ,af  is determined from:  

( ) ( ) ( )( )χψχψχψ ,ˆˆ2,, iia fnnff +−= . (4)                          

As examples, we consider the cases of a waveguide 
and horn feeds. Adapting their radiation patterns to the 

χψ ,,R  coordinate system, we obtain the following feed 
patterns that are special cases:  

• waveguide feed  

( ) ( )( )χχχψχψχψ cosˆsinˆ,, += wi Ff , (5)           

• horn feed 

( ) ( )( )χχχψχψχψ cosˆsinˆ,, += hi Ff , 

where: 
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(6)                         

Here a, b and A, B are the dimensions of the 
waveguide and horn apertures and 

( ) χψλ cossin/avx = , ( ) χψλ sinsin/bvy =  for the 

waveguide, and ( ) χψλ cossin/Avx = , 
( ) χψλ sinsin/Bvy =  for the horn, and 01, FF  are the 

horn pattern functions. The corresponding aperture 
patterns af  are in the two cases:  

( ) ( )
( ) ( ).,ˆ,

,,ˆ,
χψχψ
χψχψ

ha

wa

Fyf
Fyf

−=

−=
 (7)                          

Using some trigonometric identities, we may write 
af  in the form: 

( ) ( )χχ 2sinˆ2cosˆ BxBAyfa −−−= . (8)                          

Using the Bessel-function identities, we obtain:  

( ) ( ) ( )[ ] ( )[ ]φθφθθφθ 2sinˆ2cosˆ, BBA fxffyf −−−= , (9)                          

where ( )θAf and ( )θBf  are defined by: 
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(10)                                                                                                                          
Using (9) and some trigonometric identities, we 

obtain: 
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It follows that the radiation fields (1) are given by: 
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3. Applications 

3.1. Parabolic reflector with waveguide feed 

We calculate the reflector radiation patterns for a 
waveguide feed radiating in the TE10 mode with a y-
directed electric field. The feed pattern was given in (5). 
Ignoring some overall constants, we have 
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To avoid the double integration in the ψ  and χ  
variables, we follow Jones’ procedure [6] of choosing 
the a, b so that the E- and H-plane illuminations of the 
paraboloid are essentially identical. This is accomplished 
when a equals approximately 1.37b. Then, the above 
feed pattern may be simplified by replacing it by its E-
plane pattern: 

( ) ( ) ( ) ( )χχχψψχψ cosˆsinˆ.
π
πsin

cos1, ++=
y

y
i v

v
f , (13)                                                                                                                           

where ( ) ψλ sin/bvy = . Thus, F1 = F2 and 

0)(and
/sinπ

)/sinπsin()cos1()( =+= ψ
λψ
λψψψ B

b
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(14)                                                                                                                          

The radiated field is given by (11) with a 
normalized gain: 

( ) ( )
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2

02
cos1

A

A
f
f

g
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We choose a parabolic antenna with the diameter 
λ40=D  and subtended angle of °= 600ψ , so that  

λψ 3205.174/)2/cot( 0 == DF . 

The length b of the waveguide is chosen in this 
manner to achieve an edge illumination of −11 dB on the 
paraboloid. This gives the condition on b, where the 
extra factor of ( )ψcos1+  arises from the space 
attenuation factor 1/R:  
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= 0.2818 . (16)                          

It has solution λ6958.0=b  and therefore 
λ9532.037.1 == ba . The graph (a) in Fig. 3 shows the 

E- and H-plane illumination patterns versus ψ  of the 
actual feed given by (13), that is, the normalized gains: 
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They are essentially identical provided a = 1.37b 
(the graph actually plots the square roots of these 
quantities). The graph (b) in Fig. 3 shows the calculated 
radiation pattern ( )θg  (or, rather its square root) of the 
paraboloid. 

The 3-dB width was calculated from [7] =∆ dB3θ  
( ) DA /95.5505.1 edge λ+=  (where edgeA  is the edge atte-

nuation in dB, that is: ( ) ( )( )0/log20 010edge aa EEA ψ=  
and is placed on the graph.                                                                          

The angle factor was: 5.6795.5505.1 edge =+A ,  so 

that: D/5.67dB3 λθ =∆ = 67.5 / 40 = 1.6875. 

The gain-beam width product is 2deg31951 . 

3.2. Parabolic reflector with horn feed 

Fig. 4 shows the illumination and reflector patterns if a 
rectangular horn antenna feed is used instead of a 
waveguide. The design requirements were again that the 
edge illumination was −11 dB and that λ40=D  and 

600 =ψ . The illumination pattern is: 
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Fig. 3.  Feed illumination and reflector radiation patterns. 
(Waveguide feed). 
 

The E- and H-plane illumination patterns are 
virtually identical over the angular range 00 ψψ ≤≤ , 
provided one chooses the horn sides such that A = 1.48B. 
Then, the illumination field may be simplified by 
replacing it by the E-plane pattern and the length B is 
determined by requiring that the edge illumination was 
−11 dB. Therefore, we work with: 
( ) ( ) ( ) ( )

.sin/

,cosˆsinˆ,cos1, 0
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y

byi
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Then:  
( ) ( ) ( )byFA σνψψ ,cos1 0+=  and ( ) 0=ψB  for 

the sum and difference patterns. The edge illumination 
condition reads now: 
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Its solution is λ7806.0=B , and hence 
λ1553.148.1 == BA . 

The graph (a) in Fig. 4 shows the E- and H-plane 
illumination gain patterns of the actual horn feed given 
by (19), that is, the normalized gains: 

 
 

 
 
Fig. 4.  Feed illumination and reflector radiation patterns. 
(Horn feed). 
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They are seen to be almost identical. The graph (b) 
in Fig. 4 shows the calculated radiation pattern ( )θg  (or, 
rather its square root) of this case. 

The horn σ -parameters were chosen to have the 
usual optimum values of 2593.1=aσ  and 0246.1=bσ . 
The 3-dB width is the same as in the previous 
application, that is, 1.6875° and is shown on the graph. 
The actual gain-beam width product is 2deg30095 .  

3.3. Comparison  and discussion  

Here, we compare the approximate symmetrized patterns 
of the previous two examples with the exact patterns 
obtained by performing the double-integration over the 
aperture variables χψ , . Both the waveguide and horn 
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examples have a y-directed two-dimensional Fourier 
transform pattern of the form: 

( ) ( ) ( ) χψφθχψφθφθ
ψ

ddFff AyA ,,,,,
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0
∫ ∫== , (22)                                                                                                                           

where the integrand depends on the feed pattern ( )χψ ,A  
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and, up to constant factors, the function ( )χψ ,A is given 
in the two cases  by: 
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Once, ( )φθ ,Af is computed, we obtain the (un-
normalized) H- and E-plane radiation patterns for the 
reflector by setting 0=φ  and 90=φ . 
 

 

 
Fig. 5. Exact and approximate reflector radiation patterns. 

 
 
 
 
 
 
 
 

Fig. 5 shows the patterns of the waveguide and 
horn cases evaluated numerically and plotted together 
with the approximate symmetrized patterns of the 
previous two examples. The patterns agree very well 
with the exact patterns and fall between them.  

The patterns are plotted in dB, which accentuates 
the differences among the curves and shows the side 
lobe levels. In the waveguide case, the resulting curves 
are almost indistinguishable to be seen as separate.  

4. Conclusion 

In this paper, a method of calculation of radiation 
characteristics of reflector antennas with the aperture 
field method (GO) is presented and developed by using 
two cases of feeds.  For the cases of reflector with 
waveguide feed and pyramidal horn feed, the 
illumination gain patterns are almost identical. But for 
the radiation patterns one notices that there is a 
difference especially on the level gain-beam-width.  

The two methods (physical optics and geometrical 
optics) yield slightly different, but qualitatively similar, 
results for the radiation patterns. 
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