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From: R. Norrod

Subject: Comparisons of Symmetric and Asymmetric Antennas

Summary

This memorandum presents the results of some simple numerical 
comparisons of symmetric and asymmetric (offset parabolic) 
antennas. The major points made are:

The sensitivity of a 90 meter asymmetric antenna will be 
approximately equal to that of a 100 meter symmetric 
antenna.

The reflection coefficient of an asymmetric antenna will 
likely be more than 20 dB less than a symmetric antenna, 
measured at the feed. This will make negligible one of 
the causes of poor baselines, namely reflections between 
the feed and reflector.

The beam efficiency of an asymmetric antenna should be 
significantly higher than that of a symmetric antenna 
(although more work needs to be done to completely 
quantify the differences) . This is another way of saying 
that the integrated sidelobes are lower, a fact that has 
been confirmed experimently.

As pointed out in other memorandum in this series, work during the 
last ten years has shown theoretically, and confirmed 
experimentally, that the cross-polarization of the offset reflector 
can be corrected from the secondary focus. With a F/D of greater 
than 0.6, the performance from the prime focus is also probably 
acceptable for observations other than really critical polarization 
measurements, such as Zeeman experiments.

My conclusion from this exercise of reading the literature 
pertaining to offset reflector antennas, and from studying the 
report of the NRAO Technical Study Group, is that the advantages 
of this type of design are significant for a radio telescope and 
have been confirmed experimentally. The major remaining concerns 
are structural, on which I cannot comment intelligently. However, 
the structural engineers which we have heard discuss the problems 
seem to be hopeful that a good structure could be built.



My recommendation then is that we proceed internally with a 
structural design and finite-element stress analysis for an 
asymmetrical antenna. In concert, we should do an electromagnetic 
design, with complete diffraction analysis of the antenna 
performance. After three or four months, with two or three 
engineers working on these tasks, we should then be able to judge 
the viability of the design. After the internal design process, 
or before if money becomes available, we should bring in 
experienced outside consultants to review our designs so that we 
can increase the level of confidence. At that point, the hard 
decision on symmetric versus asymmetric will have to be made.

Sensitivity

The goal is to tabulate the sensitivity of various antenna 
configurations versus frequency. As a figure of merit for 
sensitivity, let us use:

Kt = G y T ^  (Jy'1)

where:

Gn = ( E t o t  Ap) / 2760 (K/Jy)

Efcot = Total aperture efficiency, 0 < Etot < 1 

Ap = Projected physical area of antenna (m2)

ŝys — *̂ant *̂sky

For Trx and Tsky, let us use the following representative values:

Freq (GHz) Trx (K) Tsky (K) T« + Tsky (K)

0.33 20 50 70
0.61 20 10 30
1.5 7 6 13
4.8 10 6 16
8.4 12 7 19

15.0 20 9 29
22.0 30 16 46

The sky temperatures were taken from the VLBA Project Book, 
version 6. The receiver temperatures below 10 GHz are representa­
tive of our current best receivers. Above 10 GHz, our current best 
HEMT receivers' noise has been reduced by 1/3, because improvement 
in HEMT performance will likely continue at a rapid pace and will 
have the strongest effect at higher frequencies. The 300 and 600 
MHz Trx are representative of broadband FET amplifiers? these would 
be lower for narrowband amps at the expense of frequency coverage.
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To help estimate the antenna temperatures which could be 
expected, the 140-ft and the VLBA antennas' noise and efficiency 
performance at several frequencies is tabulated below. T8ys values 
are measured data, at zenith, in good weather. T ^  is calculated 
from this by subtracting a value for the sky temperature (as 
tabulated above), and the receiver temperature of the receiver in 
use during the system temperature measurement. Etot (total aperture 
efficiency) for the VLBA are calculated values taken from the 
aforementioned project book, page 5-6. However, recent measure­
ments agree with the expected values within 10%. The 140-foot 
values are measured data. The measured Pie Town system temps were 
obtained from D. Thompson.

f ,GHz
Pie Town

m  m  
sys A ant Etot T■■■sys

140-foot
^ant ®tot

1.5 31 13 .57 20 7 .57

• 00 36 10 .72 30 9 .53

•
00 34 8 .71 42 7 .51

15 54 12 .69 53 7 .42

The 140-foot data at 1.5 and 4.8 GHz used 2HE-mode, prime focus 
feeds? all other data was with cassegrain receivers. The high 
efficiency of the VLBA antenna at 4.8 GHz and above is due to the 
shaped reflector surfaces. Experience with low frequency feeds 
(primarily cavity backed dipoles) on the 300-foot and 140-foot 
leads me to expect higher spillover temperatures than for the feeds 
used in the above measurements, so let us use 12 K for Tant at 
frequencies below 1 GHz and 7 K at frequencies above, for the 
symmetric antenna. For the asymmetric antenna, we would expect 
that the antenna noise would be reduced significantly because of 
the elimination of scattering from blockage, but I have not been 
able to locate experimental data on existing offset antennas to 
confirm this. Let us use 6 K and 3 K, assuming that some noise 
will remain due to spillover and feed losses.

In order to calculate Kt, the remaining term we must estimate 
is Etot, the antenna aperature efficiency. It is usual to separate 
the efficiency into several terms and to consider each term 
separately.

^tot — ^*spill ^  ^  ^surface ^  ^blockage ^  ^raisc

The spillover and illumination terms are interrelated and 
depend on the telescope optics and feed designs. It seems to be 
a concensus that we should avoid reflector shaping for the new 
antenna because of problems with off-axis performance and feeding 
from the prime focus. A conservative value for the product of the 
spillover and illumination terms for unshaped reflector seems to
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be 0.75. (See NRAO EDIR No. 190 and The Handbook of Antenna 
Design. Volume 1. p. 173, edited by A. W. Rudge. This book will 
be referred to several times, and for convenience as The Handbook.)

The surface term depends on the RMS surface deviations, and 
is given by (The Handbook, p. 181):

E . o r f . c .  =  exp (  -16 j t 2  ( d ,,2  +  d , 2) / X z )

where d,,, and ds are the RMS surface deviations of the main reflector 
and subreflector, respectively. Let us use 0.25 mm (0.010 in.) for 
d,,,, a value presented to NRAO by an antenna manufacturer for a 100- 
meter reflector with active surface control, and no wind. I have 
taken ds as 0.18 mm (0.007 in.), slightly more than being achieved 
with the VLBA 3.5 meter subreflector.

An expression for the blockage term is (The Handbook, p. 177-
180) :

^blockage =  ( ^  "  ^cb/^ilium) 2 X  ( 1  -  A sb) 2

where Acb and Asb are the fractional central and strut blockage 
areas, respectively. For the symmetric antenna, if we assume that 
Acb = 1%, Asb = 3%, and Eillum = 0.87, then:

E b i o c k a g e  = 0.98 X 0.94 = 0.92
For the asymmetric antenna, we assume that this term is unity.

The miscellaneous term includes degradations due to cross­
polarization, VSWR, ohmic losses, etc. and I will use:

E m i S c  = 0.95

So, for the symmetric antenna:

Etot - 0.75 x Esurface x 0.92 x 0.95 = 0.66 X Esurface
and for the asymmetric antenna:

Etot = 0.75 X Esurface X 1.0 X 0.95 = 0.71 X Esurface

Table 1 tabulates Kj. versus frequency for symmetric and 
asymmetric antennas of equal 100 meter projected diameter. Figure 
1 shows this data graphically. In Table 2, the diameter of the 
asymmetric antenna was lowered so that the sensitivities of the two 
antennas were roughly equal over most of the frequency range. The 
implication is that, for the set of assumptions made here, an 
asymmetric antenna of 90 meter diameter will have about the same 
sensitivity as the symmetric antenna of 100 meter diameter. Note 
that the sensitivity peaks in the range where Tsys is minimum, 
roughly 1 to 10 GHz. In this frequency range, Tsys, and hence Kfc, 
is very sensitive to T^. Table 3 shows what happens when T ^  for
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the symmetric antenna is increased by 3 K, as might happen at low 
elevations when many of the sidelobes are illuminating the ground. 
Because the asymmetric antenna has a much higher beam efficiency, 
we would not expect a corresponding increase in its temperature. 
Figure 2 shows this data graphically.

For reference, Table 4 gives K*. for the 140-foot, 300-foot, 
and Arecibo. The gains for these antennas were obtained from 
measurements, and Kt was calculated with Trx + Tsky used above.

Baselines and Sidelobes

The problem of poor spectral baselines and how to correct them 
is complicated. (For instance, see NRAO Electronics Division 
Technical Note No. 126 and EDIR No. 184) . Therefore, it is 
difficult to quantify the effect of an asymmetric design on an 
antenna's baseline performance. Figure 3 is a reproduction of a 
graph from a paper by Dragone and Hogg (IEEE Trans. AP-22, May 
1974, p. 474) , showing the calculated reflection coefficient at the 
feed of symmetric and asymmetric cassegrain antennas. The 
asymmetric case shows an improvement of greater than 20 dB. (The 
asymmetric antenna considered in this paper was not completely 
unblocked? the subreflector was located inside the edge of the main 
reflector. Improvement would be more for a completely unblocked 
antenna.) The asymmetric antenna would virtually eliminate one of 
the known causes of baseline instabilities, reflections between the 
feed and reflector surfaces. I cannot conclude, however, that the 
resulting improvement in baselines would be of the same magnitude 
because other contributions to instability might then become 
dominant.

Baselines are also effected by the sidelobe structure of the 
antenna. One measure of the sidelobe distribution is the beam 
efficiency, the portion of received radiation coming from a 
particular cone angle centered on the antenna main beam axis. S. 
Srikanth has calculated the beam efficiency for several antenna 
configurations, at 1.4 GHz, for a cone angle of 5 degrees. For a 
100 meter asymmetric antenna with F/D ratio of 0.6, the beam 
efficiency was greater than 99%, at certain cuts or planes through 
the antenna radiation pattern. More analysis work needs to be done 
to determine the three-dimensional radiation patterns of the best 
symmetric and asymmetric designs.

The interference susceptibility of an antenna is also affected 
by the sidelobe level. In the NRQZ at Green Bank, most of our 
interference problems occur at quite low levels. We are protected 
from the establishment of nearby high-level signal generators? much 
of the interference shows up after a few seconds to minutes of 
integration. The analysis described above needs to be completed 
to quantify what improvement we could expect for various antenna 
configurations.
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03-May-89 COMPARISON OF RXISYMMETRIC AND ASYMMETRIC ANTENNA SENSITIVITY

AXISYMMETRIC ASYMMETRIC

* Dia = 100 * Dia = 100 * 
Etotal = 0.66 x Esurface Etotal = 0.71 x Esurface

* Rp = 7,854 * Ap = 7,854 *

Esurface Trx+Tsky * Etotal Gn Tant Kt * Etotal Gn Tant Kt * 
lz> (K) * (K/Jy) (K) <10e-3/Jy>* CK/Jy) <K> (10e-3/Jy>*

0.33 1.000 70 * 0.660 1.88 12 22.9 * 0.710 2.02 6 26.6 *
0.61 1.000 30 * 0.660 1.8B 12 44.7 * 0.710 2.02 6 56.1 x
1.5 1.000 13 * 0.660 1.88 7 93.9 * 0.710 2.02 3 126.2 x
4.8 0.996 16 *= 0.657 1.87 7 81.3 * 0.707 2.01 3 105.9 x
8.4 0.988 19 * 0.652 1. 8b 7 71.4 x 0.702 2.00 3 90.8 x
15 0.963 29 * 0.636 1.81 7 50.2 « 0.684 1.95 3 60.8 x
22 0.923 46 * 0.609 1.73 7 32.7 x 0.655 1.86 3 38.0 x

TABLE 1

Antennas with Equal Diameters



03-May-89 COMPfiRISON OF flXISYMMETRIC AND ASYMMETRIC ANTENNA SENSITIVITY

AXISYMMETRIC ASYMMETRIC

X Dia = 100 x Dia = 90 K
Etotal = 0.66 x Esurface Etotal = 0.71 x Esurface

X flp = 7,854 x Rp = 6,362 x

F Esurface Trx+Tsky * Etotal Gn Tant Kt * Etotal Gn Tant Kt x
(GHz) <K> x <K/Jy) CIO <10e-3/Jy>* CK/Jy) <K) C10e-3/Jy)*

KM»:XXK*XKXKKX*XXX**XKXX*KXXKK3*XXKXKXXKKXX:*XXXK*XXXK:**:*KKKXXKX:*XXXXK»;K;«*XM*KXX:«KXK:**.XXMXKX*XKXXKXK*XXXXKKXN;iitXXi*X;KX
0.33 1.000 70 * 0.660 1.88 12 22.9 * 0.710 1.64 6 21.5 x
0.61 1.000 30 x 0.660 1.88 12 44.7 x 0.710 1.64 6 45.5 x
1.5 1.000 13 * 0.660 1.88 7 93.9 x 0.710 1.64 3 102.2 x
4.8 0.996 16 * 0.657 1.87 7 81.3 * 0.707 1.63 3 85.8 x
8.4 0.988 19 * 0.652 1.86 7 71.4 * 0.702 1.62 3 73.5 x
15 0.963 29 * 0.636 1.81 7 50.2 * 0.684 1.58 3 49.3 *
22 0.923 46 * 0.609 1.73 7 32.7 * 0.655 1.51 3 30.8 x

TABLE 2

Antennas with Roughly Equal Sensitivity



03-May-89 COMPARISON OF AXISYMMETRIC AND ASYMMETRIC ANTENNA SENSITIVITY

AXISYMMETRIC ASYMMETRIC
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

X Dia = 100 X Dia = 90 X

Etotal = 0.66 x Esurface Etotal = 0.71 x Esurface
X Ap = 7,854 X Ap = 6,362 X

F Esurface Trx+Tsky x Etotal Gn Tant Kt * Etotal Gn Tant Kt *
(GHz) <K) * (K/Jy) (K) ( 10e-3/Jy)* (K/Jy) CIO (10e-3/Jy)*

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

0.33 1.000 70 * 0.660 1.88 15 2 2 . 1  x 0.710 1.64 6 21.5 *
0.61 1 . 0 0 0 30 « 0.660 1 . 8 8 15 41.7 x 0.710 1.64 6 45.5 *
1.5 1 . 0 0 0 13 * 0.660 1 . 8 8 1 0 81.6 x 0.710 1.64 3 1 0 2 . 2  x
4.8 0.996 16 * 0.657 1.87 1 0 72.0 x 0.707 1.63 3 85.8 *
8.4 0.988 19 * 0.652 1.86 1 0 64.0 x 0.702 1.62 3 73.5 *
15 0.963 29 * 0.636 1.81 10 46.4 * 0.684 1.58 3 49.3 x
2 2 0.923 46 x 0.609 1.73 10 30.9 * 0.655 1.51 3 30.8 x

TABLE 3

Effect of Increased Antenna Temperature



x 140-ft Cl),(2) x 300-ft <l) x flrecibo <3> x
* flp = 1,430 x flp = 6,567 * Rp = 72,966 * 

Trx+Tsky * Gn Tant Kt * Gn Tant Kt * Gn Tant Kt *
* (K/Jy> (K> <10e-3/Jy)x (K/Jy) <K) (10e-3/Jy>» <K/Jy> (K) (l0e-3/Jy)x

File : RNT-DflTfl.WK1 20-Rpr*-89

(GHz) <K)

0.33 70 x 0.27 12 3.3 x 1.24 12 15.1 x
0.61 30 x 0.27 12 6.4 x 1.19 12 28.3 x
1.5 13 * 0.30 7 14.0 x 1.36 7 67.8 x
4.8 16 x 0.27 9 11.0 x 1.02 9 40.9 *
0.4 19 x 0.26 7 10.2 * X
15 29 x 0.22 7 6.0 x K
22 46 x 0.16 7 2.9 x X

0-00
x

400.0 x 
x 
x
X
X

NOTES : (1) Below 59Hz prime focus with single-mode (at 0.33 and 0-61 GHz) 
or hybrid mode (at 1.5 and 4.8 GHz) feed performance.

(2) 140-ft gain at frequencies above 4 GHz varies significantly 
with antenna position.

(3) Current flrecibo performance with representative line feed. 
Implies Etot = 0.30.

TABLE 4

Sensitivity of 140-foot, 300-foot and Arecibo
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Figure 1
Sensitivity Data from Table 1
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Figure 2
Sensitivity Data from Table 3
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Figure 3

Reflector Return Loss from Dragone and Hogg (1974)


