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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 inpgt 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 Weinreb1 to

be expressable as
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for a prime focus dish, with 60 = 2 tan_l %E-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)
tan (&) = M tan (2)
2 2

and the power pattern weighting factor
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where M = —Ef-is the magnification of the cassegrain system™, and F(y) is the
v

feed radiation pattern.

Using (2) and (3) we obtain
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Substituting equations (4) and (5) into equation (1), and using the

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

Y 2
P 2 UOO /F(Y) tan % dy
ng = 32057 15 (6)
[ % F(y) sin v ay

0

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
subrefiector 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
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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
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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 R1

E(R) = /G(8) cos® (8/2) (9)

R is calculated from the definition of a parabolic surface5 (see figure 1)
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Thus: R (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)
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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 0 given by

6 = 2 tan © p/aF (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 polynémial
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:

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.



The program's plot of the aperture distribution appears in Figure
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 6 at a particular wavelength A using the definition

m™ D sin ©
A

u =
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FIGURE 3 - OUTPUT DATA
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