ANTENNA GAIN MEASUREMENTS FROM RADIO
’ STAR SOURCES

by Bill Curry, W5CQ; Jim Erickson,
K3LFO; Dave Phillips, W3PJM; Ruth
Phillips, K3AGR; Howard Eich,
W3HE; and Willie Mank, W1zZX*

INTRODUCTION

The accurate determination of antenna gain is one of

the most difficult engineering measurements of radio system

performance. While the theory is well established, the
environmehtél variables are not.easily‘controlled. This
‘.paper describes éhe technique used by the K3NSS Moonbounce

Group to<determine the performance of the 84 ft. (25.6 meter)
diameter parabolic dish antenna which the Group recently
restored for 432 MHz moonbounce operation.

The dish restoration included installation of the complete
RF communication ghain as shownbin Figurevl. >The construction
of the coaxial ‘antenna feed tower, the most critical

component, was described last year by W3PJM.! The

Qriginal feed dipole was replaced later by a two element
,arréy. The technique described in this paper was used to

measure the system performance of both configurations.

*K3NSS Moonbounce Group, Southern Maryland Amateur Radio
Club, U.s. Naval Communications Unit, C/0 11003 Blue Roan
Rd., Oakton, VA 22124. '
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THE MEASUREMENT PROCEDURES

The procedures employed were developed from those
used for measuring the performance of astronomical radio
telescopes and satellite communications earth stations? The
technique involves independent measure of the receiving |
sensitivity, expreseed as the ratio of the antenna gain
" (G)* to receiving system equlvalent noise temperature (T),
and the rece1v1ng system equlvalent noise temperature (T) .
Knowing the G/T ratio (pronounced "gee over tee") ~and T,
G is calculated from the relation: v

G/T(dB/°K) = G(dB) - T(dB) | (1)
‘or |

G(dB) = G/T(dB/°K) + T(dB) L (2)

Where all'terms are expreesed as decibels (i.e.
algebralc ratios are converted to dec1bels by taking ten
times the logarlthm to the base ten of the algebralc ratio).

DETERMING G/T FROM OBSERVATIONS OF

RADIO STARS

Three radiotetars are of sufficieut intensity for
cbservation by the.k3N85.84 ft. antenna. They are listed
in Table 1; with the sun and moon, along with the radiation
1intensity (watts per square meter per Hertz) for amateur

moonbounce frequencies.

*All antenna gains in this’ raper are referenced to an
isotropic radiator. :




G/T is measured by observing the ratio of the received
"signal"* noise power to the noise power received from the
"cold" sky. This ratio, called the "y" factor, is compared
to the known radiation flux den51ty (s) of the source (Table
1) to determine the rece1v1ng system figure of merit, G/T

V{equatlon (3)}
The advantages,of this teehnique are simplicity and
accuracy. The technique is elegant-because it does not
' require ‘knowledge of either the antenna gain (G) or the
system noise.temperature kT). The critical measurement
(Y) is calculated as a ratio so. that measurement unlts
and blases cancel. Finally, no special equipment beyond
‘that for normal station operation is necessary."All that
is tequired is a suitable measure of receiver ontput power.
This could be the receiver 'S' meter, although better
accuracy will resnlt if a simple noise integrator, as
described in reference (9)} is used in conjunction with a
chart recorder. |

The quallfylng minimum performance necessary to employ
this procedure is that the system must be able to detect |
sun noise, the strongest source. The measurement accuracy

achievable depends on the following factors:

1. The source used. Thevflux’density (S) of the sun

*The "signal" of these celestial sources has noise
characteristics.




varles randomly by a factor of two or more.
Therefore, measurements from the sun may not

be accurate within 3dB unless the actual sun
radiation flux density (s) - for the time of ob-
servation is used in equation (2). Readings of
the sun 'S'.are avallable by computer interface

from the Space Environment Laboratory of the

' National Oceanic and Atmospheric Admlnlstratlon

located in Boulder, Col * Flgure 2 is a sample

of this prlnt out for July 5 to July 18. Note the
large data varlatlon. If‘the G/T is large enough
to permit radio star measurements, accuracies

to within.0.5dB are attainable under- favorable

: condltlons. In general, accuracies to 11 decibel

are con51stently p0851ble with reasonable care and

“high performance arrays.

Atmospherlc/lonospherlc attenuation. - Source

attenuatlon varies 1nversely with frequency and

elevatlon angle. Observatlons at 144 MHz near

the horizon may-not be accurate within 3dB.

Observations of Cassiopeia A or Cygnus A at

*For information regarding access to solar flux density data
write or call: Jacob D. Schroeder III, System Manager, NOAA/
ERL/SEL/R43, 325 Broadway, Boulder, Co. 80302, (303) 499-
1000 ext.

3780. No charge is made for the data.
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1296 MHz at elevation angles greater than 45°

can be accurate to iO.SdB.(provided G/T is high
enough to support a consiétent 'Y' factor measure).
Referehces 2, 3,‘4 and 5 contain additional infor-
mation for those interested in corrections to

obtain the greatest possible accuracy.

Number of measurements. Averaging a large number

of observations, or applying linear regression

-analysis will smooth measurement anomalies and

improve accuracy.

The system noisé.floor. The more sensitive the

system, the larger the difference between the

"signal" noise power;and the "cold" sky noise

~ power, i;e., thé larger the Y factor. The larger

the Y factor, the.- more . accurate the results.

Reference (7) is an excellent chart of sky noiée.

It illustrates the relatively high noise charac-

- teristic of the galactic equator and the relative

low'sky noise at the galactic poles. The more
éensiﬁive'the systém; the more attenﬁion‘must be
paid to "cold" sky température. As an extreme
example, to take'accurate readings from the moon,

(requiring a very high G/T) which has a very weak

~'S', care would have to be taken to insure the

"cold" sky reading was from a low noise area.




Obviousiy, this is.not so important for sun
measurements. The object is to get large Y
factor measurements whatever celestial source
is used.. Reference 14 contains a succinct discussion ,
of attainable accuracies. For precise measurements
(i.é., within .ZSGB), 'Y' factors of greater than
'l75'must be observed. Such ratios are beyond the
capability of most amateur antennas, even for sun
.observatiOns. | | |

CALCULATING G/T

The algebraic relatiohship of G/T to the Y factor

and source intensity {I(s)} is given by:

_Y-1 - | .
¢/T = 1(s) B (3)

where:

"signal" noise power (source)
"cold" sky noise power

2 ,
gng . - ' ' . (4)

AI(S) =

A= wavélength (meters)
S = sourée flux densjity from Table 1 (watts per
square meter pef Hertz)
K = Boltzmann's constant
= 1.38 x 10 ?? (Joules per degree Kelvin)
Equation (4) translates the source flux density (S)
to uﬁits of equivalent'temperature (T). It includes a

factor (%) to account for the unavoidable loss resulting








































