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1. Intorodtiction 

Japanese commercial communications satelli tes (eS1s), which are 50 - 60 degree apart 
from Japanese broadcasting satelite (BS), are scheduled to start direct broadcasting ser­
vice. A multi beam antenna with wide beam-spacing is desired for simul taneous reception 
of b roadcasting from BS and CS's. A multibeam antenna for th is purpose, using a merged 
parabola, has been reported[1]. In this paper an opti mum configurat ion of a multibeam 
antenna with wide beam-spacing is presented. 

2. \~ra"e aberration of a defocus-fed paraboloidal reflector 

T he configuration of a defocus-fed paraboloidal reflector is shown in Figure L F is 
the focus of the paraboloidal reflector, Mo is the cente r of the paraboloidal reflector, and 
n is the normal vector of the reflector at J.10. Wave aberration bp at an aperture of a 
defocus-fed paraboloidal reflector is expressed as follows. 

(I) 

where ro is a component of the polar coordinates in the aperture plane. 
In t his paper only the lowest term of the equation , a'2 r~1 is considered to simplify the 

analysis. a2 is expressed as follows. 

a,= U+Ssin2 (¢,+1/!) (2) 

U = ~ _ ~ {l+ cos'(80/2)}{1+ cos'(8/2)} - sin' (80/2) sin' (8/2) c052¢ 
I 10 oos(80/2)cos(8/2) 

(3 ) 
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,p = ~ tan-1 ~sin2(0/2){1 + cos'(00/2)} - sin'(00/2){1 + cos'(0/2)}cos2¢ (4) 
2 2 sin'(00/2) cos( 0 /2) sin 2¢ 

[( 1 + cos'( 00/2)}{ 1 + cos' (0 /2)} - sin'(00/2) sin'(O /2) cos 2¢]' 

5'= (~)' ________________ ~~~",~-~1~6_CO_S_'(~0~0/_2~)C_O_s'~(~0/_2~) 
810 cos'(00/2) cos'(0/2) 

(5) 

where <Po. is a component of the polar coordinates in the aperture plane, 10 is a distance 
between F and Mo, I is a distance between the horn and MOl 80 /2 is an offset angle of F 
from n , 9/2 is an offset angle of the horn from n , and <P is a rotation angle of the horn 
from F around n. The offset angle 0 0 of the horn from F is expressed as 

cos 0 0 = sin(00/2) sin(O /2) cos q, + cos(00/2) cos(O /2) (6) 

From equition (3) U can be eliminated with appropriate I. From equations (5) and (6) 
the condition for minimum 5 with constant 8 0 is given by equation (7), which indicates 
that the horn is located on the symmetrical plane of the refledor. 

0= 100 - 2001 { 
o· (00 - 200 2: 0) 

¢ = 180' (00 - 200 < 0) (7) 

From equation (7) B = 8 0 and ¢ = 1800 in the case of 0 0 = 8o) therefore from 
equation (5) 5 is elimi nated. In other words, second-order wave aberration a2r,; could be 
eliminated in the case that the horn is located on the ray starting from the focus F and 
reflected at Mo. 

The relation between () and the directive gain is shown in Figure 2 in the case that 
(}o = 60 0

, aperture diameter 2r ... = 25>" , and the horn is located on the synunetrical 
plane of the reflector. Directive gain could be predicted by subtracting gain reductions 
caused by second-order wave aberration a2r';, aperture distribution, and spillover from 
100 percent gain. In the case of r ... /lo = 0.25, the predicted directive gain agrees well 
with the PO result. But in the case of r ... /lo = 0.50, the predicted disagree with the PO 
result around () = 600 and e = 60 0

• This disagreement results from the aberration of 
higher-order terms such as r;, r!,· ·· neglected in the above analysis. 

3. Design example 

A multi beam a.ntenna with wide-beam spacing is designed with 695 mm diameter 
paraboloidal reflector for simultaneous reception of broadcast.ing from BS and CS's. Pri­
mary radiators for CS's are located near the focus of the paraboloidal reflector , and a 
primary radiator for BS is located close to the ray starting from the focus and reflected at 
the center of the paraboloidal reflector. Figure 3 shows the calculated radiation pattern. 

Calculated results agree well with experimental results. The antenna is confirmed to 
receive broadcasting from BS and CS's simultaneously. 
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4. Conclusion 

The optimum configuration for a mullibea.m antenna with wide beam-spacing has been 
presented. This antenna is useful for simultaneous reception of broadcasting from BS and 
CS's. 
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Figure 1 Parameters of a defocus-fed paraboloidal reflector. 
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Figure 2 The relation between e, the hom position shown in Figure 1, 
and the directive gain. 
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Figure 3 Calculated radiation pattern. 
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