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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 W’einreb1 to
be expressable as
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for a prime focus dish, with 60 = 2 't:an-l %F edge angle, F/D = the focal
length to diameter ratio, and G(6) 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.

Potter2 derives two equations which allow equation (1) to be applied

to a cassegrain system. They are the relationship of 6 and y (see Figure 1)
6 Y
tan (30 = M tan (2) (2)

and the power pattern weighting factor

: 2
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where M = —Er-is the magnification of the cassegrain system™, and F(y) is the
v

feed radiation pattern.

Using (2) and (3) we obtain
6=2tm = Mtan @] (4)

2
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and G(8) = Tin?[2 tan-1(M tan &l *

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

. . 4
logarithmic expansion for the arc tan , it can be shown that
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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



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,

1
can be expressed as

Y
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where Yo = the angle subtended by the subreflector.
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

Y . 2
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(8)

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. Aperture 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 Rl

E(R) = /G(0) cos® (6/2) (9)
R is calculated from the definition of a parabolic surface5 (see figure 1)

(10)

o = 2F
1l + cos @



_ 2F sin (8)

Thus: R = 1 7 co5 © (11)

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 a55

1
F(u) = | £(R) J_(uR) R dR (12)
0

™ D sin O
where u = — f(R)=aperture voltage distribution and R=normalized radians.

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.



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 O given by

0 = 2 tan | p/4F (13)
This value insures that the magnification factor M=l 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.



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

F(y) = ¢ cos2 %- (14)

and the angle subtended by the subreflector was chosen as yo=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:

PROGRAMS% 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.



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 8 at a particular wavelength A using the definition

_1nD sin 0
A
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FIGURE 1 - CASSEGRAIN GEOMETRY
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PROGFAN LISTING
TAPE FILE HO. 1
18 FARD

28 DM GEL1S081-HSLSA1ESIS1 1L RSIS1 1 CI3514BL 2]
3 FUP I=1 TO 158

48 GLI)=cB o

S8 HEWT 1

&0 FOR I=1 TO S@

vE HLDII=R

20 HEST 1

9@ DISP "FOR PHASE CALCULATION. IHFUT 1
188 UAIT 3A60

11@ DISP "IF PHASE HOT DESIFED. IMPUT 8"
124 WAIT Laba

138 IHPUT 1S

148 ISP “F I PATIO

158 THRUT F

168 DISF  PEPCENT FHDIUS BLOCHAGE™S

174 IHPUT H3

128 DISF "AMGLE SLETEHDED EBY SUBREFLECTOR '3
193 INFUT E

208 DISF CIHCFEMENT OF AMWGLE™S

216 IHFUT AL

' "HUMEEF UF FEED DATA POIHTS"S
o

5 DISP "THPUT DATA POINTS:
EOF =1 TG D1

IHPLT G011

FRINT G0

HEUT I

IF 5S5=1 THEH lia

LT 548

OISF "HUMBER OF PHHZE POIHTS":
THFPUT D3

DISF "INFUT FHAWF IH DELPEES":
FOF I=1 TO D3

THFUT HL I3

FINT HL 3

ML I1=HLI11+PI 128

HELT 1

DISF "SET WP FLUTTER®

5 LAIT 4008

B FOF I=1 T7 150
HERSIIRIIIN- 3§ IV

HE'T 1

M=l 1 4+F+THH O E+FT 138+ 2
HeiE A1141.5

AI=A1-P1 120
E{-E~FI 17
Hi=14T: E1

F= E1-H1-R3} A
CIHE 2

TAPE FILE NO., 2

18 RAD

20 DIM G5015@1+HSCS@1.ESLS11sRS[S11,CL3615BLB]
30 R3=Y1=01=U1=51=T1=8

48 FOR I=2 TO N

50 @=A3*(I-1)

68 Y=S0R(GL I 13*TANCQ-27+A3

7B Vi=Vi+Y

8@ U=GLII*SIN(@>*A3

98 U1=Ui+U

198 HEXT I

118 U1=U1-U+U#(B.5+P)

128 V1=V1-V+v¥#(0,5+P)

120 NI=C(32%(FaMrt22V112)-U1v #1068

140 1=1

158 I=I+1

168 I=RA3+{I-1>

178 0=G[I1+#SINC@>*A3

128 01=01+0

198 IF I=150 THEN 229

200 IF QXPI THEN 27@

218 GOTO 158

228 O=Q0+A3

23@ IF RyP1 THEW 278

248 R1=SIN(Q3*A3+1E-Bs

258 R3=R2+R1

260 GOTO 220

3+01

280 MN2=(U1-R%"*108

298 FRINWT " APERTURE EFFICIENCY”
380 WRITE (15+318)FsM

310 FORMAT 2-s3%X«"F~D RATIO="3y31+F7.4s 194 “"MAGNIFICATION="5 7% FS.4
320 WRITE ¢15s33@)N1,H2

336 FORMAT 3Xs "TAFER EFFICIENCY="3F7.2s"%"119%« "SPILLOYER EFFICIENCY="sF7.2s"%"
348 IF ¥5=1 THEN 394

250 H3=M1#N2-1E+AZ

360 WRITE ¢15,3702H3

378 FORMAT ~»25%: "TOTAL EFFICIENCY=":F7.2+"%"
350 GOTO 5S40

290 FOR I=2 TO N

400 D=A3*(I1-11

418 BE9=SOR/GLI D#TAMCO-21+A3

428 T=R9*#COSCHII 1)

430 T1=Ti+T

448 S=R9+SIN'HL I 1
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458 S1=51+8

460 HEXT I

478 T1=Ti-T+T4¢B.5+P3

480 51=51-S+5+(0.5+P"

499 TI=T1t2+5112

388 T8=(T9-VIt2)£160

51@ H3=H1=N2#T8-1E+@34

5268 WRITE <15:53@T2.N3

330 FORMAT 3k« "PHASE EFFICIENCY="3F7.2: "%y 19, "TOTAL EFFICIEHCY="s4dsF7. 20" "
548 LINK 2

TAFE FILE HOD. 3

18 PRD

20 DIM GSL1SB 1 HSISB1ESLS1 W RSIS1 1 CI36 1B &1

30 E[11=1

4@ PL1 1=@

50 E1=01-M<SOFCGLL 1

60 WRITE «1S5y7ay

78 FOPMAT 2/+25%« "RFEPTURE YOLATGE DISTRIBUTIOH"

20 PPINT

3@ FPINT

185 PPINT © FRDINZ P YOLTAGE EFF."TAEE4"PHASE F
113 FRINT

128 FRINT TRES"P= 0.@000"TABZ:I"EfFr= 1.@008"TRESY 'F= u,8"
120 Fup I=2 TO N

14 3=A3+.I-11

158 B=2+ATH M+TAH O 200

168 ELI1= cSIN'@ SIH'Bso#SQPYGLT 1o« COSIE. 2 13 E1
176 PLI1=4+F+SIH: B - 1+C0S B

188 HENT I

185 FOR I=1 T0O SA@

186 HITI=HII 1+ 158 PI.

127 HEXT 1

199 FOR I=2 TO H

208 WRITE (1521w FITIELI1aHII]

218 FORMAT Sl "R=" «FT 4 1% L "EvPo="yFP de 1900 "F="FS. 1
228 HEXT 1

238 CIMk 4

TAFE FILE HO. 4

18 DIM (026 1.BL2IESLS1 .PELSL]
268 Me=H

34 FNR I=1 TO 3

408 CUI1=BL1 1=0

S@ NENT I

&3 FOR 1=9 T 35

FOR k=1 TO ms
136 BLZI=FLK]

146 '=E[} ]

158 v'=FH.1

160 HENT +

170 PEDIM PFL11]
126 LIHF 5

198 DEF FH

+BL02112+C

250 S5=C5+B[21+V+T
FE0 H=N+Z
aTe FETURM @

TAFE FILE HO, 5

16 DM rL-R1-BIS-Ei°11]
A IF H = DI-W THE4 .7a
2@ Li=n

4@ IF W=8 THEH -cn

S8 T-o

&8 FOF I=1 70 Di+i

7O E[I1=a

28 FOR d=1 Ti D1-ie

90 P= I+ =1w D2FC-0, 5 T4 00
1868 ECTI=Bl11+00T+.1+00F ]

118 HEY'T 4

128 T=I+ D23+ -1 ...

138 HE'T I

143 F1=9

156 FOP I=2 TO Di+1

168 Fi=F1+00I+ D403 7 20312
173 HEYT 1

CLoDEa+lv+ D242 2]
TE=Ta-CLDZ2+1 17>

288 PRINHT e

218 PPINT TREIZ"CUEFFILIEHTS"
288 PFINT
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FORMAT 3@4sF3.@:F12,4

FOR I=1 TO D1+1

WRITE (15s230>"B¢"I1-1")="BL[11]
HEXT 1

FRINT

PFINT

FPINT TABZ28"R SOUARE = "R1-TO
PRINT

GOTO 7728

IF M*DZ THEN 350

DISP “NOT ENOUGH POINTS"

EHD

P=h=1

A D2=D32+1

FOR J=1 70 D2
CLP I=S0RCIF]

FOR I=1 TO D2-1+1
CLP+I J=CLF+11. CLF ]
NEXT 1

R=F+1

S=

9 FOR L=1 TO D2-J

P=F+1
FOP =1 TO D2+2- I-L
CLF+M-1 1=C0R+M-1 I-CLF 1#CLP4M-11]

9 HENT M

E=P+M-1
HELT L

a F=t

HEXT 1 .
T=iD2+10+1 D242 2
FOR I=1 TO D2-1

B T=T-1-1
5 CLTI=1-CLT]

FOF J=1 TO Dz-1
F=D2+1-1-]
# D2+1- P10 20-]

26 U=I+d+1

630 Y=F

Tap

TRP

10

FOR =1 TO J

1=

Cl11=1-0011
SO0TO 58
LIHE &

E FILE HD. &
e LBLS 1ESLS1]

Y'=FHZ@

STOPE  DATA 3»E
LOAD 7

DEF FHZ/ 2+
FRINT

19=4

O SCALE @+1+8s1

FOP I=A TO B STEP
T=BL01+1]

34 FOP J=D1 TO 1 STEF -1
=8 =+ I+ 1]
20 HENT J

IF H3=@ THEH Z@a

IF I.vH9. 188, THEHM 200
'=8

FPINT "R="1iTRABZG 'ER =""
I19=13+1

ECI91=Y

FLOT I

HEXT 1

6 DISP

FETUFH &
E FILE HO. ¥

DIM EZ[S11FSl411]
LOAD TATA S.E
FRINT

PEH

H=U=a

FOR 1=1 TO 21
Fl=f=a

FOR I=2 TO 51

F1=P1+F

HELT 1

Fl=F1+@, S+F-F

PL J1=ABS' F1+

IF J=1 THEHW 206
PLII=FLJI°PL1]

PRINT "U="sUs "FiUs="sP[J]
COTO 218

FRTHT “U="sUs"FilUr="4s1
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EMI
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GOTO 558

E=18+LGTABSC1+01 06

FETURM CRE+Q10 {02+ (02=00% (N=G1)TH

e Rl x

e
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e
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OATH STORAGE






