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Introduction

Propagation tests for satellite
communication at frequencies above 10
GHz have usually been conducted by
observing the solar radio emission.
But, it has been pointed out and re-
cognized that the radioc waves from
large disc-type sources, like the sun
or the moon, and that from a point
source, like a satellite, have some
different propagation characteristichs.
This paper describes the results of
measurements of the waves from the
moon and Verus at 15.5 and 31.6 GHz,
as well as some features of the meas-
uring system including a 7-m antenna.

Experimental Configuration

Fig. 1 shows the blockdiagram of
the equipment used. Dicke-type radio-
meter bandwidths are 100 MHz, and the
minimum detectable temperatureg are
0.03 (7=1sec) and 0.5 (T=3sec)"K at
15 and 31 GHz, respectively. A liquid-
nitrogen-cooled parametric amp%ifier,
having noise temperature of 92°K, is

provided as a preamplifier for 15 GHz
system. .
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Fig! Block diagram of receiving circuit

is of a near-field
The surface accu-
reflector is 0.20 mm
could be used up to

The antenna
Cassegrain type.
racy of the main
{r.m.s.), and it
some 100 GHz.

In addition, this antenna is
equipped with a new beam switching
system at 15 GHz. The outputs of a
dominant (TEy) mode beam, which has
a main lote at boresight, and a higher
(TE,) mode beam, which has a null at
boresight, are electrically switched
alternately to get the difference
between them. Weak signals are suc-
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cessfully picked up as a result of

the cancellation of background noise
fluctuation of the atmosphere included
in both beams.

Propagation Characteristics

Fig. 2 is a plot of the atmos-
pheric attenuation obtained from
observations of the moon and Venus.

Measurements were made on clear days,
when the absolute humidity and refrac-
tivity at the earth surface were nearly
constant. X(©) in the figure is the
equivalent pathlength normalized to

the zenith. It is seen in the figure
that the attenuations obtained from

the observations of Venus are much
larger than those of the moon. The
reason for this difference is considered
to be as follows; Only the absorptive

ELEVATION ANGLE (DEG.}

90 LDIS ©98 7 6 5 s
5 = ; 09 8 ¢ S
3 )
2 , |assauTe rnipTY=9 #ve? . .
2 | REFRACTIVITY = 330 .
z . R
s | b
a . . -
! SINT S
PR PP ,",'.4"”"’(
. " ¢ * o VENUS
s ..
O 2. 4 2 . %
19}
ELEVATION ANGLE (DEG)
owH® o987 6 5 . 4
4 |—ABSOLUTE HUMIDITY=9 o7
REFpACTMITY= 325« . -
o . .
23 - s ,-,/
z S P & ,/f/
a e
2 .
2
w
e
g T
« vENUS
(3.4,5. 13. NOV, 1970}
g0 12 4 18

k(o)

Fig.2 Observed piots of attenuation vs. K{©)



attenuation is observed in the case of
a large angular-size source, while the
radio waves are further attenuated in
the case of a point source, due to the
divergence caused by vertical gradients
of refractive index and the diffusion
effect caused by turbulence in the
atmospherd)., Fig. 3 shows the absorp-
tive attenuations at zenith obtained
from observations of lunar noise as

a function of the absolute surface
humidity. Attenuation at the absolute
humidity of zero indicates the absorp-
tion due to oxygen, and their values
are 0.055 and 0.14 dB at 15.5 and 31.6
GHz, respectively.

It will be of
interest to note
that some amount of
scintillation was
observed for the
Venus signal below
100 of elevation
angle, which never
appeared in the
lunar noise.
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Fig.3 Atfenuation et the zenith
vs, ebselute humidity
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ATTENUATION AT THE ZENITH {¢B)

In treating the rainfall attenu-
ation in the space-to-earth path, the
vertical extent of rainfall and rain
clouds should be taken into account.
The rainfall attenuation Ar can be
expressed as:

Ar =aR®D,K(0) + Cr(6) (4B},

vwhere o and £ are constants related

to frequencies, R the rainfall rate in
mm/h, Do the equivalent vartical extent
of rainfall in Km, Cr the attenuation
due to rain clouds, and 6 the elevation
angle, Fig. 4 shows the relations
between attenuation and rainfall rate
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Fig.4 Attenuation vs,rainfall rate

obtained from lunar noise observations
in rainy seasons, automn in 1969 and
early summer in 1970, where attenuations
are reduced to the values at an eleva-
tion angle of 20°. Parameters for these
computation are shown in Table 1.

Cr {dB)
8 | 8 =7 5kalD.=3 6%m

15.5GH210.037[1.18 0.5 0.8
31.6GH2j0.185|1.03 2.0 3.0
Table 1

In Pig. 5 the measured values of
attenuation due to rain clouds are
plotted on the calculated curves®,
vhere water vapor density is assumed
to be 1.5 gn/m3 and the equivalent
thickness 1 Km,
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Fig8 Attenuation due fo rain clouds
Conclusion

Measurements of atmospheric attenu-
ation in the clear sky have been made by
observing the radio noise from Venus and
the moon. The measuring techniques to
separate the absorption from other atten-
uations are of great importance. Attenu-
ations due to rainfall and rain clouds
and the vertical extent of rainfall have
also been measured from observations of
lunar noise. Observation periods, how-
ever, were not long enough, and further
measurements are required to obtain more
statistical data.

Experiments are under way now to
clarify the rainfall attenuation charac-
teristice for the radio waves from a
roint source by receiving the noise of
celestial radio source Cas A and Tau 4.
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