
The thermoelectric generator produces about 2,300 watts of
usable heat. To maintain the interior temperature at about 20
degrees Celsius at the South Pole, the modestly insulated (R-19)
AGO shelter requires between 400 and 800 watts of heat depend -
ing on the external temperature. The excess heat is transferred
to the outside by a controlled heat exchanger. Figure 2 shows
the AGO thermal control system that picks up the heat of the TEG
by evaporating freon-11 refrigerant fluid and transferring it to
an external condenser through a thermal siphon effect. A pneu-
matic temperature sensor activates a valve to throttle the rate of
heat flow and maintains the interior temperature to within a few
degrees of the set point. A free convection path over the radiator
fins distributes the warm air uniformly within the shelter.

The shroud surrounding the TEG exhaust outlet is also heated
by the freon vapors. By keeping the surface near the exhaust
outlet well above freezing, condensation from the exhaust gases
is prevented from forming an ice build-up. Figure 1 shows the
heated exhaust shroud protruding through the shelter wall.
Also shown in figure 1 is the new air plenum which filters snow
crystals and allows the TEG to breathe freely, while using baffles
to prevent heat loss.

The use of the propane-fueled TEG affords the luxury of allow-
ing a large volume of heated interior space. Since the facility
requires annual site visits for experiment modifications, data
recovery, and refueling, future shelters could be expanded to
include additional temporary living space. Figure 3 shows a
floor plan for an 8 x 16 food module that could house four racks

of equipment and up to four scientists. Having a heated shelter
provided at the site would greatly simplify the logistics for
annual field servicing since no support camp would be needed.
The future AGO's would be deployed fully assembled from ski-
equipped Hercules LC-130 airplanes and would provide lifting
struts, as shown in figure 3, to elevate the shelter to minimize
the effects of snow drifting.

We express our appreciation to wintering personnel Rick
Dyson, Dave Clements, Cyril Lance, and Laura Kay who have
provided valuable support during the prototype field tests at
the South Pole. The AGO development is supported by National
Science Foundation grant DPP 81-05624.
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Riometer measurements of seasonal
variations in auroral absorption at

South Pole and Siple Stations
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Auroral absorption refers to the ionospheric absorption of
radio waves which occurs in conjunction with auroral and re-
lated activity and is one of the principal causes of radio-wave
absorption at high latitudes. The absorption is a result of in-
creased ionization produced in the ionosphere by precipitated
electrons which have sufficient energy to reach the D and E
regions of the ionosphere, approximately 60 to 100 kilometers
above the Earth's surface (Hargreaves 1969).

Previous studies have disclosed that auroral absorption is
generally confined to two relatively narrow rings, or zones, a
few degrees wide with the maximum in absorption occurring at
about 66° magnetic latitude in each hemisphere (Hargreaves
1969, Brekke 1984). A study of the seasonal changes in auroral
absorption at different locations can provide clues to some of the
physical mechanisms governing magnetospheric phenomena.

A more practical motivation lies in the fact that the occurrence of
auroral absorption is of sufficient frequency and intensity in the
auroral zones that the quality of high-frequency (3 to 30 mega-
hertz) communications at these high latitudes can be signifi -
cantly affected. Data on seasonal changes in auroral absorption
at different sites can also make an important contribution to
models which are currently being developed to predict radio-
wave propagation conditions at high latitudes (Agy 1979; Fop-
piano and Bradley 1983, 1984).

Riometers (relative, ionospheric opacity meters), instruments
designed to monitor the absorption of radio waves in the
ionosphere, are used for upper atmospheric research at South
Pole and Siple Stations (Detrick and Lutz 1981; Detrick 1982;
Detrick et al. 1983; Krishnaswamy and Rosenberg, Antarctic
Journal, this issue). Since the locations of South Pole Station
(geomagnetic latitude approximately 75°S) and Siple Station
(geomagnetic latitude approximately 65°S) are such that they
are on opposite sides of the latitude of maximum auroral ab-
sorption, it is of interest, for the reasons mentioned above, to
compare the seasonal auroral absorption variations at the two
locations. With this aim in mind, we have analyzed riometer
measurements made at South Pole and Siple Stations between
1975 and 1983. To convert the riometer measurements to ab-
sorption values, the background or reference curves—the so-
called "quiet day curves"—were determined using a technique
developed at the University of Maryland which we have re-
ferred to as the "inflection-point method" (Krishnaswamy, Det-
rick, and Rosenberg 1985).
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Figure 1 shows the average auroral absorption for summer
and winter for Sip!e Station for the years 1975, 1980, and 1982 at
a frequency of 30 megahertz. There was a general tendency for
the summer absorption levels to be higher than the absorption
in winter during all 3 years. Individual values are generally
accurate to 0.1 decibel or better, and due to the large number of
data points that were used in deriving the average values, the
uncertainty in the plotted points is much less than 0.1 decibel,
and the seasonal differences are significant.

imum as is Siple Station. The absorption at South Pole Station
generally seems to be higher in winter than in summer, which
appears to be consistent with previous results from South Pole
Station riometer measurements (Hargreaves and Chivers 1965)
but is the opposite of the results for Siple Station. (The curves
for austral summer 1983 at South Pole Station are less certain
because data were not recorded for a number of days in this
period.)
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Figure 1. The average diurnal variation of auroral absorption at Siple
Station for summer and for winter during 1975, 1980, and 1982.
("MHz" denotes "megahertz:' "UT" denotes "universal time:' "dB"
denotes "decibels:' "SU" and "WI" denote "summer" and "winter,"
respectively.)

The reasons for the variations from year to year are not clear,
but they may be related to the 11-year solar cycle (1975 was near
the time of solar minimum and 1980 was near the period of solar
maximum). Data from Siple Station for 1986 will be of special
importance in a study such as this since, together with the
earlier data, they will provide coverage over an entire solar
cycle. We are thus eagerly looking forward to the reopening of
Siple Station in 1985, and a comparison of the 1986 results with
those for 1975 should prove interesting.

Figure 2 shows the results for South Pole Station for 1982 and
1983 at 30 megahertz and 51.4 megahertz. The average absorp-
tion levels are lower than those for Siple Station because South
Pole Station is not as close to the auroral absorption zone max-
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Figure 2. The same as figure 1 for South Pole Station for the years
1982 and 1983.

Thus, there appear to be important differences between Siple
and South Pole Stations in the seasonal variation of auroral
absorption. Possible explanations for these differences include a
change in the characteristics of the precipitated electrons re-
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sponsible for auroral absorption and/or differences in at-
mospheric composition and chemistry as one moves across the
aurora! zone. There are also differences in the relative seasonal
absorption at a given site from year to year which may be related
to the solar cycle. Both of these results also have important
implications for high-frequency radio-wave propagation mod-
els at high latitudes. Models (e.g., Foppiano and Bradley 1983)
which adopt a seasonal variation characteristic of higher latitude
sites (such as South Pole Station) and assume the same variation
to apply to somewhat lower latitudes (such as Siple Station) may
require some modification.

This work was supported in part by National Science Founda-
tion grant DPP 83-04844 (University of Maryland). Acquisition of
the Siple Station riometer data involved the cooperation of H.
Chivers of the University of California, San Diego, and L.J.
Lanzerotti of AT&T Bell Laboratories.
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Influence of long-term variations in
solar radio noise on riometer quiet

day curves
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Upper atmospheric research facilities in Antarctica include
instruments for monitoring the absorption of radio waves by
the ionosphere (Detrick and Lutz 1981; Detrick 1982; Detrick et
al. 1983; Krishnaswamy and Rosenberg, Antarctic Journal, this
issue). These instruments, known as riometers, are sensitive
radio receivers operating in the frequency range from about 20
megahertz to 50 megahertz, usually connected to zenith-point-
ing, wide-beam antennae. As the Earth rotates, the incident
cosmic radio noise power from natural extraterrestrial sources
undergoes diurnal changes because of the non-uniform inten-
sity of the radiation arriving at the Earth from different direc-
tions in space. A record of this background diurnal variation of
the received cosmic noise power (as a function of sidereal time)
represents the so-called "quiet day curve." This curve serves as a
reference which can be used to derive values of additional
ionospheric absorption caused by magnetospheric processes
(Hargreaves 1969). While the major contribution to the quiet
day curve comes from the steady radio radiation from the Milky

Way, there is some contribution as well both from discrete
galactic and extragalactic sources and from solar radio noise.

The Sun undergoes an 11-year cycle in its radio emission in
conjunction with the sunspot cycle. At times of high solar
activity, such as near the maximum of the solar cycle, the radio
noise produced by the Sun at frequencies around 30 megahertz
is generally much greater than at solar minimum (Kraus 1966),
and its contribution to the total riometer signal can be compara-
ble to the diffuse galactic background. This can make a signifi-
cant difference to the quiet day curves.

In the study of discrete, short-term phenomena, such as
individual auroral absorption events, the quantity of interest is
usually the excess absorption due to the event; this will not be
significantly affected by slowly varying changes in the quiet day
curves. However, in studies covering longer periods of time,
especially periods involving an appreciable fraction of a solar
sunspot cycle, such variations in the quiet day curves become
significant. We present here an example of how the sunspot-
cycle related changes in solar radio noise output can affect
riometer quiet day curves.

Figure 1 shows the quiet day curves obtained from the 30
megahertz riometer at Siple Station for the equinoctial months
of March and September 1975. The curves were computed
using a technique developed at the University of Maryland,
referred to as the "inflection-point method" (Krishnaswamy,
Detrick, and Rosenberg 1985). The general shape of both curves
can be understood by noting that they have maxima near 17
hours local sidereal time which closely corresponds to the time
when the antenna beam sweeps near the brightest part of the
radio sky (the galactic center direction). Similarly, the minima of
the curves occur about the time when the galactic anti-center is
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