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I. INTRODUCTION

SBynchronous satellite service for Alaska, and possibly other places,
requires that ground station antennas point at low elevation angles.
For example, from Point Barrow (T1°N, 155°W), such a satellite would
never be more than 11 degreee above the horizon, and for satellite
longitudes 45 degrees east or west of Point Barrow, the elevation iz only
5 degrees. At such low angles, the attenuation of a nominally clear
atmosphere is gignificant in the 18- and 30-GHz bands of proposed
domestic satellite systems. There are also satellite bands near 13 GHas,
where the attenuation is expected to be somewhat lower. Predictions
of this attenuation have been made,! but as a check direct measure-
ments have been obtained with the Crawford Hill SBun Tracker as re-
ported below.

II. APPARATUE AND PROCEDURE

The experimental setup, deseribed in detail elsewhere,? is briefly
this: the antenna temperatures of the sun and a nearby patch of sky
are compared by means of a radiometer. The temperature difference,
AT, is related to the excess attenuation above the solar noon value,
A, by the formula

A(dB) = 10 log [AT/AT.], (1)
where AT, is the antenna temperature difference at solar noon on a
clear day. As the antenna follows the setting sun, attenuation as a
funetion of elevation angle 18 measured directly.
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I. INTRODUCTION

Synchronous satellite service for Alaska, and possibly other places,
requires that ground station antennas point at low elevation angles.
For example, from Point Barrow (71°N, 155°W), such a satellite would
never be more than 11 degrees above the horizon, and for satellite
longitudes 45 degrees east or west of Point Barrow, the elevation is only
5 degrees. At such low angles, the attenuation of & nominally clear
atmosphere is significant in the 18- and 30-GHz bands of proposed
domestic satellite systems. There are also satellite bands near 13 GHz,
where the attenuation is expected to be somewhat lower. Predictions
of this attenuation have been made,! but as a check direct measure-
ments have been obtained with the Crawford Hill Sun Tracker as re-
ported below.

II. APPARATUS AND PROCEDURE

The experimental setup, described in detail elsewhere?! is briefly
this: the antenna temperatures of the sun and a nearby patch of sky
are compared by means of a radiometer. The temperature difference,
AT, is related to the excess attenuation above the solar noon value,
A, by the formula

A(dB) = 10log [AT/AT,], (1)
where AT, is the antenna temperature difference at solar noon on a
clear day. As the antenna follows the setting sun, attenuation as a
function of elevation angle is measured direetly.
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The measured attenuations are increases above the noontime value.
Thus the absolute attenuation is the measured value plus the atmo-
spheric attenuation at noon; the latter has been estimated to be 0.3,
0.3, and 0.1 dB at 30, 19, and 13 GHz.! For the remainder of this paper,
quoted attenuations are referred to noontime as the zero of attenuation.

A small correction must be applied to the Sun Tracker raw data to
account for different antenna temperatures in the “sun” and “sky”
positions due to differences in atmospherie radiation. This correction
is readily determined by measuring AT for low elevation angles of the
antenna beam, while the sun is high in the sky and thus out of the
beam. The magnitude of the correction is less than 3 percent of the
measured attenuation in dB for elevations of 5 degrees or greater.
Below 5 degrees, the correction rises to & maximum of 8 percent at
3 degrees elevation.

I1T. DATA

The measured attennations, corrected as described above, are shown
as a function of elevation angle in Fig. 1. The data, collected during
four sunsets in August 1972, are shown as bars spanning the full range
of the values observed. During the measurements the absolute surface
humidity was about 12.5 gm/m? which is typical of summertime New
Jersey. The curves through the bars represent the average behavior
of the data. At 5-degree and 10-degree elevations are indicated the
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Fia. 1—Attenuation v8 elevation angle, normal summer weather (average hu-
midity 12.5 gm/m®).
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Fig, 2—Attenuation vs elevation angle, humid weather (August 7, 1972, humidity
23 gm/m").
attenuation predictions of Hogg, normalized to zero dB at noon. Also
shown for the 30-GHz attenuation are the points corresponding to a
cosec f law, normalized to agree with observation at 10 degrees and
12 degrees.

Figure 2 is a plot of measured attenuation versus elevation for very
humid air. These measurements were made on August 7, 1972, shortly
after a rainstorm when the atmosphere had cleared. The surface hu-
midity was 23 gm,/m? at the time of observation. For comparison, the
curves from Fig. 1 also are shown. The increased attenuation is clearly
visible. Even larger attenuations are possible, Hogg and Semplak® have
calculated that very humid weather can result in attenuations more
than double those shown in Fig. 2.

IV. EXTHAPOLATION TO OTHER ATMOBFHERIC CONDITIONS

The atmospheric attenuation is due primarily to oxygen and water
vapor. In summertime New Jersey, the fraction of the total attenua-
tion attributable to water vapor is roughly 50, 75, and 50 percent at
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30, 19, and 13 GHz, respectively.! Thus one can convert attenuations
measured at one humidity to values corresponding to a different water
vapor content. For example, we can prediet the attenuations that
should have been observed under the conditions of Fig. 2 (23 gm/m?)
by doubling (very nearly) the contributions due to water vapor in
Fig. 1 (12.5 gm/m?*). This simple extrapolation rule predicts the ob-
served attenuation to an accuracy of 10 to 15 percent.

Compared with New Jersey, the Point Barrow atmosphere contains
essentially no water., In winter the humidity is 0.5 gm/m® and in
summer 5 gm,/m® ¢ Therefore, a first approximation for conversion of
the attenuations of Fig. 1 to Alaskan conditions consists in neglecting
the water vapor entirely and simply reducing the observed attenua-
tions by 50, 75, and 50 percent at 30, 19, and 13 GHe.

V. ERRORS

There are two main sources of systematic error. The first is oceul-
tation of the setting sun by objects near the horizon. At the Crawford
Hill location the SBun Tracker has a clear view down to about 3 degrees
elevation. The second error is an increase in antenna beamwidth in the
vertieal plane due to the gradient of atmospherie refraction within the
antenna beam.’ The forward gain of the antenna is thus reduced, re-
sulting in an apparent increase in attenuation. The magnitude of this
effect depends on the size of the source being observed. A “point”
source, such as a synchronous satellite, would show an attenuation
about 0.1 dB above the values reported here.

Btrietly speaking, the points caleulated by Hogg shown in Fig. 1
should not be compared direetly with the data. Although the attenua-
tion at solar noon has been subtracted from them (they are normalized
to 0 dB at noon), they still do not eorrespond to the conditions of this
experiment. Hogg assumed a humidity of 10 gm/m—a value 20 percent
below the prevailing humidity during the observations. A rough
eorrection to Hogg's values would involve scaling his attenuations
(in dB) up by 10, 15, and 10 percent at 30, 19, and 13 GHaz.

Fluetuations in the data are attributable to three sources: (i) error
in reading attenuations on the chart recorder, (i7) error in reading the
time on the chart, and (i) changes in humidity over the course of the
observations. The first-mentioned error, called §4 below, is estimated
to be about 0.2 dB rms, one-fifth of the smallest chart division. The
timing error is significant because it leads to an uncertainty in the
elevation angle, 5 below, at which a particular measurement was made.
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A reasonable estimate for this error is 1 minute rms, which means 84 iz
0.25 degree. Finally, the diurnal changes in humidity, «, were about
20 percent. All these errors add in quadrature to give a resultant over-
all error estimate

E* = (§A) + 3%(30)* + (fad)’, (2)

where 5 is the slope of the attenuation versus elevation angle curve
(see Fig. 1), [ is the fraction of the attenuation due to water vapor,
and A is the measured attenuation. The errors represented by the
three terms of eq. (2) are of comparable magnitude. Thus the noise in
the data must be aseribed to both instrumental and “external™ sources.

The rms fluetuations predicted by eq. (2) can be compared with the
observed scatter in the measurements at various frequencies and
angles. Typically the two differ by only 0.2 to 0.3 dB, indicating that
the stochastic processes operating in this experiment are reasonably
well understood.

¥I. CONCLUBIONB

The 13-, 19-, and 30-GHz attenuation of a clear atmosphere at low
elevation angles has been measured by the Crawford Hill Bun Tracker.
The results are in good agreement with predictions. Extrapolation of
the measurements to Alaskan conditions yields attenuations sub-
stantially below those measured in New Jersey. A significant improve-
ment in the measurements using the Crawford Hill Sun Tracker can
be made only under eonditions of reduced and/or more stable atmo-
gpheric water vapor content.
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