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ANTENNA FEED EFFICIENCY AND SPILLOVER
CALCULATION PROGRAM

S. Weinreb and S. Jansson

A. Introduction

The program that is described in this report calculates the reduction in aperture
efficiency of a paraboloidal antenna due to tapered illumination and spillover. The input
of the program is the paraboloid F/D ratio and the feed pattern, specified in decibels
relative to the maximum gain, at angular increments (typically 10°) from 0° to 180°, The
output of the program is the taper efficiency, the spillover efficiency, the total efficiency
(product of taper and spillover), and the spillover temperature at zenith, assuming a
ground radiation temperature of 290 K.

The program is intended as an easily used evaluation of feeds and does not predict
the total antenna efficiency. This total efficiency will be reduced by feed support block-
age, reflector phase errors, and usually to a much smaller extent by feed phase errors,
cross polarization, and feed VSWR.

A one dimensional feed pattern is accepted by the program and the results are
calculated assuming this pattern is circularly symmetric. Since the E- and H-plane pat-
terns of a feed are usually different, the program should be used separately for each

pattern and the results should then be averaged.

B. Theory

The taper efficiency, Nps is defined as the ratio of the effective area of a para-
boloid with tapered illumination to the physical projected area of the paraboloid. Various
texts express Np in terms of a radial distribution of electric field, E(r), over the aper-

ture,
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where r is normalized to the paraboloid radius and a uniform phase distribution is

assumed. The field distribution is then expressed in terms of the feed power pattern,



G(0), using the relations,

E(r) = VG(©) cos® ©/2
_ sin ©/2
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where O is the angle with respect to the feed pattern maximum.

The taper efficiency can then be expressed as
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where © = 2 tan”! D/4F is the angle subtended by the edge of the paraboloid.

The spillover efficiency, ns, is defined as the ratio of energy incident upon the
reflector to the total energy emitted by the feed. It is calculated by integration of the
feed radiation in rings of solid angle, 27 sin © dO, to give,

©

0
f G(©) sin © dO
0
S m

f G(6) sin © d6
0

The program computes and prints N> Ngs and the total efficiency, Nypllg all expressed
as percentages.

The antenna temperature due to spillover with the antenna pointed at zenith is
proportional to the fraction of feed radiation striking the ground, i.e., the radiation

between eo and 90°. The zenith antenna temperature, T 2 is then given by
/2
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where a ground brightness temperature of 290 K is assumed. This quantity is also com-
puted and printed by the program.

The antenna temperature due to spillover with the antenna pointed at the horizon
is given by 290 (1 - n) /2, where a 290 K ground brightness temperature is assumed.
This quantity is not printed by the program but is easily computed from g

C. Program Description

A listing of the program is given in Figure 1. The program is written in Fortran
IV for an IBM 360 Model 50 computer.

The integrations in the program are performed by the subroutine "QTFE" which
is in the IBM subroutine library. This subroutine calculates integrals using a trapezoid
area element between data points. An earlier version of the program used the subroutine
"QSF" which calculates integrals by using a parabolic area element. This subroutine pro-
duced erroneous results because the integral value was slightly dependent on whether there
was an odd or even number of points defining the integrand; the spillover calculation was
critical to this error.

The program interpolates between data points at the reflector edge; i.e., integrals
will be calculated to a reflector edge angle of 61° even though the pattern is specified only
at 60° and 70°.

D. Preparation of Data Cards

There are two data cards for each pattern. Examples of data cards are shown in

Figure 2. The format is as follows:

First Card
Columns
1-2 A data identification number; this number will
be printed with the result. Example: 03.
4-9 Paraboloid F/D ratio expressed with 4 decimal

places. Example: 0.4284.

11-12 Incremental angle between pattern points.
Example: 10.



FCRI'IV G LEVEL

ccol
0C02
0c02
C€04
CCos
0€06
0co?
ccos
ccos
0c10
cell
cc12
ccy2
0014
ce1s
cole
cc17
ccis
ceLs
0c2¢
0021
ce2z
€c232
CC24
cc2s
0c2¢
027
0028
0026
€C30
cc3l
€C32
cc32
CC34
ce3s

0C3¢
€Cc37
co3s

-~ W

18 MAIN DATE = 70164

CIMENSICN G(S0),CZ(50),G3(50),F2(50),F3(5C)
INTEGER#4L 4F o

WRITE(E,2)

FCRMAT(11Y)
REAC(5919END=2CIL oFC ok 9AgNy(G(I)gI=1,N)
FCRMAT(I1Z291X o F€abgl XgFZeCy1Xe1291Xy13/(20F4.1))
P=pA+1

C=p-1

K=CIC-/P

K1=K+1

K2=K+2

FF=F*3,141562¢838/18C,

THE=23ATAN(1 /(4 %FC))

CC 20 I=1,4N
GZUIN=1./01C 4% (C(1)/1C.))*SIN(FR¥FLCAT(I-1))
CALL QTFE (FRyC2,FZ,4N)

VAL1=F2(N)

VALZ=F2(A)

VAL1Z=F2(B)

VAL3C=F2(K1)

VAL21=F2(KZ)

DC 30 I=1,8¢
G2(I)=14/(1C.%9(G(I1)/2C.))*TAN(FREFLCAT(I-11/2.)
CALL QTFE (FR,C2,F2,P)

VALZ=F2(4)

VAL13=F2(B)

VAL22=VALZ4+((VALL1Z-VALZ)* (TH-(HR*FLCAT(C)))/FR)
VAL23=VAL24+((VAL13-VAL2)* (TH=(HRXFLCAT(C)) ) /HR)
VAL22=VAL2C+(VAL2C-VAL21)#(S0./H-FLCAT(K))
VAL4=1C0 %32 . *(FOAyAL22)%22/VAL22
VALE=1CC.*VAL22/VALL

VALE=VAL4*VALS/1CC.
VALT=29C*(VAL22=-yAL22)/VALL

WRITE(L 92)L oVALS JVALE yVALELVALT

12/C6/12

2 FCRMAT(///7+2X%5T129€Xo"TAPER EFF'98X9F4a1// 910X 'SPILLCVER EFF 44X,

10

1 Fa.1//

1 1CXxy'TCTAL EFF'9EX9yF4.1/7/910Xs'SPILLCVER TEMP'y2X,FS.1)

GC TC ¢
STICP
ENC

Figure 1 — Program Listing Written in Fortran IV for an IBM 360 Model 50 Computer.
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First Card

G0.00G. 100,602,104, 808,312,617, 022,625,827, 029, 036. 030, 030. 030. 030. 630. 030. U

1 78 910111213°4 151 1718192021 2223242526 22282920 1% 52 33 34 2,36 37 3839 40 4142 4344 4546 47 484950 5 334555657 585966 6152026465606768631075 7127373.5467, 787 -

0 00 00 000 0O0OC 0000000000 00000000000 000 O 0 U 6 0 00 0 0O0O0OCTCOCTOO 0005
!;;;:: Trrrinrr 1111 tinn 111 1llllllllllllllllllllllIllllllllllllllllllllllllil?
2222222222222 22222222222 222222 22 222 222 22222222222222222222222222222:7221227
33 333 333 333 333 333 33 333 333 333 333 333 33 3333333 33333 33333
34444444442433438 3444334204420 044444444444444444444444444344004444044544344034442
755555356855558555555555555555555555555 55555555555555555555555555555555555555555:
666666€5666 666666666666666 6666666 666666666066666666666666656666506666666666635

117117771 1717171717717717177111777771 1711711717771717 11171117171 1110111111711711713171111171710717
38 858 888 388 888 8 888 888 833 888 83 388 838 888 888 8388 888 288 538 BALB:
99 99 999
R REREREE

[T

lsw

9999959999999999999 999999 99999999 999999
2 28235711 32 334 3525 37 38 22 42 31 42 4344 45 45 47 435250 51

13141516 17181920 212223242526 27

9 999999939999959899999999
455§ 5530 67 .~y

2 7 58 5¢ 8263545 EGEBESI 7 2y 1R L8 N

Second Card

Figure 2 — Examples of data cards. As many pairs of cards as desired may be run in one
program.



First Card (continued):

Columns

14-16

17-19

Second Card

Number of pattern points falling on the reflector.
Example: For F/D = 0. 42 the reflector edge is
61° and hence for 10° increments this number is 7.

Number of pattern points to 180°. Example: For
10° increments this number is 19.

This card has the feed gain in dB (positive values) starting at the

beam center and going to 180°. The value is given by two digits, decimal

point, and another digit. There is no space between values. Example:

Columns

1-4
5-8
9-12

73-76

E. Typical Results

00.0
00.1
02.1

30.0

The program output for various types of feeds is given in Table 1. Patterns, total

efficiency, and spillover temperature (all average of E- and H-plane values) for four of

these feeds are shown in Figure 3.

Results on the square horn are in good agreement with results calculated by a pro-

gram developed by Scientific-Atlanta, Inc. The NRAO program gives an E-H average of

86.2% and 86.8% for taper and spillover efficiency, whereas the alternate program gives

84.8% and 89. 1%. The small differences may be due to the 10° pattern increments and E-H

plane averaging in the NRAO program.
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Figure 3 — The patterns, total efficiency, and spillover temperature for 4 feeds
is shown. The plotted pattern is the average of E- and H-plane pat-
terns and the efficiency and spillover temperature are the average
results of two computations assuming the E- and H-plane patterns
are circularly symmetric. "Scalar 1" is a 10. 69 GHz, 6.55 A scalar
feed while "Scalar 2% is a 1.40 GHz, 2.85 A sealar feed. The rec-
tangular horn was 1.16 A by 0.85 A, and the conical horn had 1.0 A
ingide diameter.
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TABLE 1

Results of Efficiency and Spillover Temperature Calculations for Various Feed Horns

Taper Spillover Total Spillover

Data Feed Description Plane Efficiency |Efficiency |Efficiency | Tempera-

Number ture
% % % K

1 Variable Polarization E 76.3 95.1 72.6 11.6
2 1. 67 GHz Scalar H 77.6 95.7 74.3 10.9
22 10. 69 GHz Scalar E 68.7 97.0 66. 6 5.5
21 6. 55 A Diameter H 73.17 97.3 71.7 5.7
32 1. 67 GHz Scalar E 74.9 96. 6 72.3 7.2
31 7.55 A H 78.2 96.5 75.5 7.9
29 1.4 GHz Scalar E 72.4 97.9 70.8 5.0
30 2.85 A Diameter H 77.2 97.4 75.2 6.4
24 10. 69 GHz Rectangular E 76.1 90.0 68.5 22.0
23 Horn, 1.16 Ax 0.85 A H 75.5 93.2 70.3 15.4
27 Square Horn E 85.7 88.1 75.5 28.0
28 0.9 A Square H 86.8 85.6 74.3 34.9
26 Conical Horn E 73.4 94.2 69.1 11.7
25 1. 0 A Inside Diameter H 70.5 95.1 67.0 11.9




F. Some Useful Approximations

In order to develop some feeling for the relation between the feed pattern and spill -
over, some approximate formulas and examples will be given.

The fraction of power, ¢ , transmitted by an antenna of gain, G(Q), into a solid

angle, Qo, is given by

g,

1 G(Q) dQ

T ar
If G(Q) is assumed constant over Q,, we have,

Qo
€ = 7 G(R)
The feed gain can be expressed as the ratio of the on-axis feed gain, Go’ to the pattérn func-
tion, P. For an F/D = 0. 42 paraboloid, 10 log G, is approximately 10 dB. Thus the

fraction of power in Q o can be expressed as

P
0 dB/10

where P = 1 is the average pattern in Qo.

Example 1

Suppose Qo is the complete half-sphere extending 90° to 180° from the feed

axis. Thus Q 0= 27 and we can make the following table:

Spillover
P 100 - € Temperature
dB at Horizon
20 dB 5.0 % 7.5°
25 dB 1.7% 2.5°
30 dB 0.5 % 0.7°
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Example 1 (continued):

The conclusion is that patterns greater than 30 dB down have negligible
effect on efficiency or antenna temperature. The feed pattern can be measured on a

pattern range with 30 dB dynamic range.

Example 2

Suppose Qo is the segment extending from 60° to 90° from the feed axis. This
is the solid angle which the ground subtends for an F/D = 0.42 paraboloid pointed at

zenith., The value of Qo is 7 and we have:

Spillover

P 4B 100 - e Temperature
at Zenith
15 dB 7.5 % 21.8°
20 dB 2.5 % 7.3°
25 dB 0.7 % 2.2°
30 dB 0.2 % 0.7°

Thus the spillover is very critical to average patterns of 15 dB (poor) to 20 dB (good) in
this solid angle.

Example 3

Considering the range of 60° to 70° from the feed axis, Qo =,316 7, and

we obtain:
Spillover
P 4B 100 - € Temperature

at Zenith
13 dB 4.0 % 11. 6°
14 dB 3.2 % 9.3°
15 dB 2.5 % 7.3°
16 dB 2.0% 5.8°
17 dB 1.6 % 4, 6°
18 dB 1.3 % 3.7°
20 dB 0.8 % 2.3°
23 dB 0.4 % 1.2°
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Example 3 (continued):

(Note that Pyp refers to pattern measurements; do not include 3 dB for
space attenuation,) Since Q 0 will be approximately the same for 70° to 80° and 80° to 90°
the above table can also be used for these increments. The zenith spillover temperature
can then be evaluated by use of the table. For example, the rectangular horn pattern
plotted in Figure 1 gives the following results:

verage i
I;{An a.f; ‘:’att:fn Tesrfl);)léf';fre
Value at Zenith
60° - 70° 15 7.3°
70° - 80° 20 2.3°
80° - 90° 23 1.2°
Total ——=-—-=-—========-=——————- 10. 8°

This is in good agreement with the 11. 8° value computed by the program.



