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COMPUTATION OF APERTURE EFFICIENCY AND RADIATION
PATTERN FOR A CASSEGRAIN ANTENNA 

1. Introduction 

This report describes a program which calculates taper, spillover,

and phase efficiencies, a relative aperture voltage distribution, and the

radiation pattern of a cassegrain antenna system given the feed power

pattern data and the cassegrain geometry. The program language is Basic and

is written for use on the Hewlett-Packard 9830A calculator.

Circular symmetry is assumed throughout the program. Plots of

the aperture voltage distribution and the radiation pattern are provided in

addition to numerical tables of each. A provision is included for accounting

for aperture blockage due to the subreflector or prime-focus structure. This

program can be used for a prime focus antenna if the angle subtended by the

subreflector is chosen to be the same as the angle subtended by the main dish.

In this case the cassegrain magnification factor is unity and all calculations

are identical to those for a prime focus system. A brief description of the

theory for the major parts of the program is given. The program is then

described and examples of input and output data are provided.

A future memo will describe how the program may be applied to a

cassegrain system in which the reflector surfaces have been shaped for high

aperture efficiency.

2. Taper Efficiency 

The taper efficiency of a parabolic reflector system is defined as

the ratio of the effective area of the paraboloid with tapered illumination to

the physically projected areas of the paraboloid, and is shown by Weinreb
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- Dfor a prime focus dish, with O 2 tan
1

 --edge angle, F/D = the focal4F
length to diameter ratio, and G(e) is the power pattern of the spherical wave

propagating towards the parabola from its focus. Figure 1 defines the impor-

tant parameters of a cassegrain system.

Potter
2

 derives two equations which allow equation (1) to be applied

to a cassegrain system. They are the relationship of e and y (see Figure 1)

tan(--
e

) = tan (I)2 2

and the power pattern weighting factor

G(e) F(y)sin 0
L
Rwhere M = is the magnification of the cassegrain system

3

,
 and F(y) is the

L
v

feed radiation pattern.

Using (2) and (3) we obtain

e = 2 tan
-1

 [M tan (
.1

-) I2

sin (y)[FM] G(e) = 

sin
2{

2 tan- 1 (M tan (1.))]

Substituting equations (4) and (5) into equation (1), and using the

logarithmic expansion for the arc tan
4

 , it can be shown that

(2)

(3)

and

(4)

(5)

Thus, for a cassegrain system, the taper efficiency is the same as if the feed

had been used to illuminate a parabola of focal length MF. The physical reason

for this is that the subreflector tends to "bundle" energy towards the outside
of the parabola (as shown by equation (3)) so that the effect of space-taper
on the feed pattern is offset and a higher taper efficiency results
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3. Spillover Efficiency 

The spillover calculation is identical to that of a prime focus

dish. The assumption is made that all of the radiation illuminating the

subreflector dish also falls upon the main reflector after striking the

subreflector. The spillover efficiency, which is the ratio of energy

incident upon the subreflector to the total energy emitted by the feed,

can be expressed as
1

I oJ
F(y) sin y d y

s
pff
j

o 
F(y) sin y d y

where y E the angle subtended by the subreflector.
0
The program sets all points of the feed pattern which are not assigned

a value to 60 dB below the feed axis reference point.

4. Phase Efficiency 

Phase efficiency can be defined as the ratio of the on axis power

with phase errors to the on axis power with no phase errors. It can be

expressed as

(7)

Small linear phase shifts across the aperture tend to merely shift the true

direction of the beam rather than degrade the efficiency of the antenna.

Therefore, phase errors should be taken as the deviation in phase from the

best fit linear phase shift across the aperture. If the feed phase infor-

mation is not available, this section of the program may be by-passed.

5. A erture Distribution Calculation 

If the illuminating pattern is known for a prime focus dish, the

corresponding aperture voltage distribution can be calculated as a function

of the reflector radius R
1

E(R) = VG(0) cos 2 (0/2) (9)

R is calculated from the definition of a parabolic surface
5

 (see figure 1)

2F 
P =

1 + cos 0
(10)
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2F sin (8)
Thus: R =

1 + cos 0

The calculation for a cassegrain system is performed by substituting

equations (2), (3) and (11) into equation (9).

The aperture distribution is calculated for only those points in

the aperture which correspond to feed pattern points falling on the sub-

reflector. This number of points, which depends on the feed pattern incre-

ment of angle and the angular extent of the subreflector, is usually an

insufficient number of points for accurate evaluation of an integral in

the radiation pattern section of the program. A polynomial regression

routine is used to best fit a 6th degree polynomial to the aperture data

using a least-squares fit. This section is taken from the Hewlett Packard
Math Pack tape with some modifications. The polynomial is then used to make

51 estimates of aperture voltage at equal increments across the aperture.
At least seven feed pattern points must fall on the subreflector for a 6th

degree polynomial fit.

6. Radiation Pattern

The relative voltage radiation pattern of an antenna with a

circularly symmetric aperture can be expressed as
5

1
F(u) = f f(R) J

o
(uR) R dR (12)

0
D sin 0

where u = f(R)=aperture voltage distribution and R =normalized radians.A
This integral is evaluated for u = 0 to 10 in increments of 0.5 u.

The resulting normalized points of the radiation pattern are printed in

tabular form and are also plotted. The Bessel function evaluation is taken

from the Hewlett Packard Math Pack program with modifications.
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7  Program Description 

The program is located on tape files 1-8, beginning with file 1.

The program's input format is conversational. It will ask for all data

required at the beginning of the program. The feed pattern information

should be expressed in DB below a zero DB reference. A maximum of 151

feed pattern data points may be used. The increment of angle should be

small enough so that several points fall on the subreflector for accurate

calculations. Phase points and the angle increment are expressed in

degrees. For phase calculations, the minimum number of phase points used

should equal the total number of feed points falling on the subreflector

plus one. A maximum of 50 phase points may be used and they must be in-

cremented identically to the feed pattern points.

For prime focus dish calculations, the angle subtended by the

subreflector should be set equal to the value of 0 given by

-
= 2 tan

1
 D/41;

This value insures that the magnification factor M=1 so the taper efficiency

integral will be correct.

The printed output lists the taper, spillover, and phase efficiencies

and their product. It then lists values of aperture voltage and radius, both

normalized to maximum of unity. Coefficients of the 6th degree polynomial

are then printed, along with a number labeled, R Squared" which, if it ex-

ceeds unity, indicates an inaccurate curve fit. Next, 51 estimates of the

aperture distribution are listed while they are simultaneously plotted.

Values of normalized radiation pattern voltage are then listed and plotted.

(13)
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8. Efficiency Program Verification 

To determine the accuracy of the integration techniques and the

overall efficiency sections, a feed pattern resulting in known efficiencies

for a standard Cassegrain system was chosen.

The feed pattern was:

2ay 2
F(y) = e cos

and the angle subtended by the subreflector was chosen as 1 o
=15 degrees.

Feed data points were chosen at increments of one degree, and data points

were fed in out to 60 degrees. A comparison of the program calculated values

to the known values follows:

PROGRAM% KNOWN% 

Taper Efficiency 98.3572% 98.3570%

Spillover Efficiency 30.52% 30.45%

Total Efficiency 30.02% 29.95%

9. Example Program 

A sample program follows to demonstrate typical input and output

data. The example used is for the 140-ft. diameter dish with the following

Cassegrain geometry.

F/D = 0.4286 yo = 7.14 degrees subreflector diameter 10.4 ft.

Data points were taken from graphs of the feed power pattern and the feed phase

pattern. Seventy-five feed pattern points and sixteen phase points were taken.

Percent radius blockage was 7.4% (this is the ratio of subreflector diameter

to main reflector diameter). Feed patterns were sampled at increments of

0.5 degrees. A listing of the input data appears in Figure 2. Output data

is listed in Figure 3.

(14)
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The program's plot of the aperture distribution appears in Figure 4.

The X axis is normalized radius and the Y axis is normalized voltage. Note

the effect of the subreflector blockage for values of R less than 0.08.

The radiation pattern plot appears in Figure 5. The X axis is

u=0 to 10 and the Y axis is the normalized pattern voltage. The X axis can

be converted to angle 0 at a particular wavelength A using the definition

D sin 0 
u=
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FIGURE 2 - INPUT DATA



7=
5

0,
 0

1 
4,

 0
3

11
11

i1
11

11
11

11

F. 7 1
11-

1 I
T

 M
 M

 M
 M

 M
 M

 F
r l 1

71

,  -
 -

 -
 -

 -
 -

 -
 -

 -
  

,
n
 

C
f: 

09
0'

,
CO

 C
O

CO
 i

4,
 C

O

a
a

.
.

CD
,...1

1.
1.5

1 
CD

 C
D

 0
1 

CD
 C

f: 
CD

 C
D

 C
D

 C
D

,j

7?
 : I)

3 ,- 1
7,3

 : 7
:7

CD
 C

D 
CD

 C
L., 

C
D

 C
D

 C
D

f.r.D
 C

D
 C

D
 C

D

0 1-
3

1-
3

m
 r

n
 m

m
m

in
m

m
m

rn
m

m
m

m
in

m
m

in
in

m
in

m
m

in
rn

m
m

in
m

m
 r

n
 M

 r
n
 
i
n
 
M

 M
 rT

in
im

ir
n

m
m

m
in

m
m

m
m

 M
 i

n
....•

•
.•

••
..

.7
3 

7.
3 

7.
3

73
 7

4 3 
73

 7
.1

7.
3 

73
 7

",
 2

4 :1  7
4 3 

74 3
.7

3 
.7

3 
20

 7
3 

73
7.

3 
7_

3 
70

 ::4 7.1  2
0 

73
, 7

3 
73

 .7
3 

.7
3 

.7
3 

.7
3 

73
 7

0 
70

,
'

'
'

-
'

'
'

"
-- 

•
" 

" 
•

•
• -

 "
 •

• "
" 

•
-

•
• "

 " 
•

• -
- -

•
•

-• •
•

•
•

•
-• -

•
• •

•
•

•
•• 

•
•• 

"
i

II
i

II
11

11
il

11
I!

11
I

It
II

11
II

II
II

11
11

11
II

11
11

11
li

11
11

ii
H

11
11

11
11

11
H

ii
I1

11
11

If
11

I/
11

11
11

11

cr
,

ra
f

117
.1

1.1
,1

ty
,4

▪ 

1. 
4

,4
45

,
Ci

f
C.

. .1 C
al

 C
D

 /I
I

.
ID

 1
,1

 I
L

,
•

•
•

•
•

•
•

• 
a
 
•
•
 
•

•
a

a  
•
•

•
•

•
•

•
•

•
•

o
a 
•
•
•
•
 
a
a

•
•

•
.

•
4,

- 
4,

 4
,

4
, 

4
,
 4

, -
(51

o
i 

CT , 
Cr , 

4 71

▪

-A
U.

)
,L

4
4-1

4
,_

1.
4 

',V
 ',V

 ci
..!

03
0,

 C
O

O
.) 

4,
 C

Y,
 C

O
01

 4 71
0

-a
 1

,1
11

•
CO

cr
, 0

, .
.p

. .
.-

- 
r,

 N
. r

o 
4,

 .-
.7

, .
--.

.. 
---

.I 
CO

 4
, - i .7

, i
--

. - .
.-.

- , :-. 3 
--

. .I 1
, 
0
, 
r,

 C
rl

 U
l 

i-
- 

C
o
 ,L

1 
ID

 I
 n

 c
, 
-

,0
 4

, 
-,

,
---

.1 
01

 0
.E

i
 
C

U
LS

I
po

• -
Li

 L
., 

(..
...

i .
 0

, 
L

.
''• 
,

- .1.  4
,
- 

0,

1,
- .,  

... L
i ,.

. .. 0
 ,-
-  

-,
 

..,
 

.. .,
 
,i

 ,
C

E
 I

. ,
 

1. ,
 

-P
. -

...
, ■

,7
.3

 In
 1

5,
1. 1 1

. ,..)
 1. 3. , ,i,

 1
. a . 1 Cr

i -
, ,

 s 
, .

4:
-..

. .
-- 

,--
,, 

iT
, 4

1,
...

4 
i 1

1 
1- .1

, I
, 
C

T
, 
:-

 :
-,

 I
.:::

 .,-
::;.:  

::::
:  .17

1
 -

, 
,.
.:

:.
, 
•;

,.., 
:_

,:
.  

ro
 c

o
,..

...
. 
c
o
 , ,L

. .
7

,- 
-.. ...1 

, i) 
....

5,
 , ..

..
.2

 
r, 

...
.n

 r.
...

..-
-,-

'I
'

0,
 C

O
 4
,

 C
O 

1::
: 3 

CO
 C

O
':.1

)
4

in
 C

O
 C

'D
 4
,
 4

,
i.."`D



-12-

,

RIK .c



r-

,„,

„



-14-
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„

10 RAD
.1:1111' . 1 1

30 FOR I = 1 TO 150
40 GEI]=60
50 NEY.1" I
60 FOR '1=1 TO 50
70 1-1E. I -..1 =0
80 1 ...1 I
90 DISP "I.: OR PHASE D :11... CULATInN, INPUT I"
100 WAIT 3000
110 DISE' "IF PHASE NOT DESIRED, INPUT 0"
120 WAIT 3000
130 INPUT X5
140 DISP "F/D
1 50 INPUT F
1. 60 DISP 'PERCENT RADIUS BIOCKAGE":.;
170 INPUT H9
180 DISP "ANGLE SUBTENDED BY SUBREFIECTOR"?,
190 INPUT E
200 DISP INCREMENT OF ANGLE—.;
210 INnuT At
220 DISP "NUMBER '61" FEFD DATA POINTS":.;
230 INPUT D1
240 DISP "INPUT DATA POINTS"'",

FOR T = 1 YO D1
260 INPUT GE]]
270 PRIN: GLI1
280 HEX!
290 iF X5-i THEN SiO
300 Gulu 390
310 DISP "NUMBER OF PHASE POFN1S";
320 INPUT D3
330 DISP "INPUT PHASE IN DEL,REES"1
340
350 INPUT HET]
360 PRINT 1-ff: I
370 Fq I "..1 = NE I J*F I 180

NE:',. 1 I
390 DISP "SET UP H„OTTER"
4u0 WHII 40uu
410 FOR 1=1 TO 150
420 ':][1]=1/(10*(CCII,-,.0))
430 LIE ...1 I
440 M=1.
450 N=(E.:A1).1-1.5
460 A3=Al*P1.-1.80
470 El-E,,PI/120
480
490 P-,'El-M1,,A3)/A3
500 2

TAPE FILE HO. 2

10 RAD
20 DIM G81:150],HSP.50],,ES[511,RSE51:107:136],BL8".1
30 RS=V1=01=U1=S1=11=0
40 FOR 1=2 TO N
50 0=A3*(I -1)
60 V=SOR(GEID*TAN(0/2)*A3
70 V1=V1+V
8• U=GLI]*5 ;IN(0)*A3
• 0 U1=U1+U
100 NEXT I
110 U1=U1-U+U*(0.5+P)
120 V1=V1-V+V*(0.5+P)
130 N1=((32*(F*M)t2*V1t2)/U1)*100
140 I=1
150 '1=1+1
160 Q=A3*(I -1)
170 0=G[1:1*SIN(Q)*A3
1 80 01=01+0
190 IF 1=150 THEN 220
200 IF 0>PI THEN 270
210 GOT° 150
220 Q=Q+A3
230 IF UPI THEN 270
240 R1=SIN<Q)*A3*1E-06
250 R3=R3+R1
26• 1;0 TO 220
270 R3=R3+01
280 N2=(Ul/R3)*100
290 PRINT " APERTURE EFFICIENCY"
300 WRITE (15,310)F,M
310 FORMAT 2/,3X,"F/D RATIO=",8X,F7.4,19X,"MAGNIFICATION=",7X,F8.4
•20 WRITE (15,320)N1,N2
330 FORMAT 3X,"TAPER EFFICIENCY=",F7.29"%",19X,"SPILLOVER EFFICIENCY=",F7.29"%"
340 IF X5=1 THEN 390
350 N3=N1*N2/1E+02
360 WRITE (15,370)N3
3•0 FORMAT /,25X,"TOTAL. EFFICIENCY= F7.2,"%"
380 GOTO 540
390 FOR 1=2 TO N
400 f.7..! =A3*(I -1)
410 B9=80R(GEID*TAIVU2)*A3
4 • 0 T=B9*COS(HCID
430 T1=T1+T
440 8=1D9*SIWKI3)
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450 Si.S1-1-8
4E0 NEXT I
470 T1=T1-T+T*(0.5.4-P)
480 Sl.S1-8+S*(0.5.4-P)
490 T9=Tit2+81t2

T = "1 `;". : 1
./' VI. ) :I. 0 C.)

510 N3=N1*N2*T8/1E+04
520 WRITE (15,530)T8,N3
530 FORMAT 3X,"PHASE EFFICIENCY="0 : "7. L,"%',19X,"TOTAL. EFFICIENCY=",4X,F7.2,"%-
!'5 4 

1..
.D N

20 DIMGSE150"..1 , HSE50],ESE51],i',U51],1"21::36.3031:8".1

50 El.(1/M)*SUM"..AH. D
60 WRITE (15,70)
• 0 FORMAT 3/,25X,"APERTURE DISTRIBUTION"
80 PRINT
90 PRINT
100 PRINT " RAPTA!,... ly! i] E " "1 A B 6 " F1-1 El SE

110 PRINT
•1•0 PRINT TAB5"R . 0.0000"TAB33"E(R) . 1.0000"TAB64"F- 0.0"

130 FOR 1 .2 TO N
140 Q=A3 :“I -1)
150 B=2*ATN(M*TAH(0/2))
1E0 EEI]=((SIN(Q).....SIN(B))'kS MYI.IAILH:.(...00S(B./.2))T2)/E1
1 • 0 REI]=4,F*SIN(B)/(J±COS(B))
180 NEXT
185 FOR i . 1 TO 50
186 HI.I]=H[I]*(180/PI)
187 NEXT I
190 EOR 1=2 TO N
200 WRITE (159210')REI],EEI],HEI]
2. o 1 It "I" R ::'" 4 , 1 R ) F 4

11E: I
'230 I.. INF ::: '1.

TAPE I. NA, 4

240 R=0
0 R I" '1 D

250 FOP I O D2e2
27.1.11

11. N 	HE ":" *2:
90 T

T I
310 81=S1--81::.2.1,2..

!Et-t- E-311.
f.,L1

j. i
ji

,ITT.1 I F
.,

E

60 I H D1,1

4L IEu:

80 FOR TU D1.1'2
= + T.;

100 E r_ I DI: . I I I L i.'
HJ.11

130 NEXT I
140 Ri..0
1 Ci F

.
*
:

R T

I. 60 F. I

190 TO.T0--CID2+1.1.1.'2
1
.
..31 • 	E".I IFFI •

210 PRINT TH " N "
1.) R



230 FORMAT 30X9F3.0,F12,4
240 FOR I=1 TO D1+1
250 WRITE (15,230)"8("I-1")="BEI1
260 NEXT I
270 PRINT
280 PRINT
290 PRINT TAB 28"R SQUARE = "Rl/TO
300 PRINT
31u Lulu ,,30
320 IF H>D2 THEN 350
330 DISP "NOT ENOUGH POINTS"
340 END
350 P=W=1
360 I: :11

1 .-uR J=1 TO D2
380 CEPT,.....SID.R.("AA''.1
390 FOR i=1 TO D2--j+1
400 CEP+I"J=CFP+IlsODD]
410 NEXT I
420 R=P+I
430 S=R
440 FOR L..=1 TO D2--J
450 P=P +1
460 FOR M=1 TO
470 CER+M---114:R+M.--11--CEPI:,...f.:P+M--1J
480 M
490 R=1 +M--1
500 NEXT L..
510 P=S
520 IL 'I
530 T-(D2+1)*(D2+2)/2
540 FOR I=1 TO D2--1
,'n
560 CLT"..1 =1/CET]
5TO FOR TO D2--1
520 P=D2+1--I--J
590 P=P*(D2+1--(P--1).'2)--I
600 R=P-J
640 S=0
620
630 V=P
640 FOR K=1 TO J
650 V=V+U--K

• 60 S=S—C[R+KJ*C[V]
670 NEXT K
6E:0 I P E R

700 I
1.

720 COTO 50
730 1..INK 6

TAPE FILE NCL 6

1 0 DIM 01..2.....".:1,81:8".1 , ESE51]
20 H=IJ

30 B=1
4u 1...:=0.02
50 Y=FNZO
6u siuRE DAIH

80 DEF FNZ(2)
90 PRIN1
100 19=u
110 •c: III I I I 0:•
120 FOR I. TO B STEP 0

[ 1 1-

'I. Ft I II I ill 11.1 1 1EP
1 50 Y=Y*I+81......1:1
160 NEXT J
170 IF H9 = 0 "11-11EN :2FIA

180 IF • I>(H9/100) THEN 200
19 CI

200 PRINT "R1 THB2u-E,..R)="Y
2.1 I 9- I 9-i-1
2 2 0 E

PI. D "I"
Fl 11 E.: :1" 1:

'2 5 S F'
26• RETURN 0

III:.IE I":

I) 1'1 L. L I F I I II
IIIf IIII TI .:1 8 E:

30 PRINT
40 PEN
50 N=U=O
60 FOR I I TO 21
•• P1=R=0
80 FOR 1=2 TO 51
90 R=R+0,,02
1 00
110 P=ELI]*R*0.02*FND(X)
120 P1=P1+P
130 NEXT I
140 P1=P1+0.5*P.--P
150 PEJ]=ABS(P1)
160 IF THEN 200
170 PE....1-..1 .41".. J]/PC1]
180 PRINT "U=",U,"F(U)= PLJJ
190 hI o
3A•i PRINT "U=",U,"F(N)."51
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:::::t iii

••• "I" Er.' :1.

1:::: 1:::1 *I 	Ii :1.

-r•

1%1 E:

1,1 -I- 1*

DEF

.......... *

1\1

Q0=1)3=1/Q3
1...1 .1..

I F., 8 1E:
0.0=00+03*(03>0.,,

1.2)...1.. =04+1
GOTO 550
E....10+LGTABS(.1+01/Q0)
RETURN (1".....1. 0+01'.., *(02.1-(C.1.2=0)*(11=0))tH

S T OR KE,,!,


