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Siple Station very-low-frequency (VLF) transmitter signals near 3.5
kilohertz (kHz) triggering intense VLF emissions in the region of the
magnetosphere exterior to the plasmasphere. ("UT" denotes "uni-
versal time?')

more often exceed the threshold value of wave amplitude neces-
sary to produce nonlinear wave-particle interaction outside the
plasmasphere.

Knowledge gained from the Siple Station VLF wave-injection
experiments will help in the building of a comprehensive model
of the mechanisms through which electromagnetic waves and
energetic particles interact in the Earth's magnetosphere.

The Stanford University ISEE-1 satellite program was spon-
sored by the National Aeronautics and Space Administration
under grant NAS 5-28447.

References

Bell, T.F., U.S. man, and R.A. Helliwell. 1981. Nonducted coherent vu
waves and associated triggered emissions observed on the ISEE 1
satellite. Journal of Geophysical Research, 86, 4649-46700.

Bell, 1E, U.S. man, I. Kimura, H. Matsumoto, T. Mukai, and K.
Hashimoto. 1983a. EXOS-B/Siple VLP wave-particle interaction ex-
periments, 2, Transmitter signals and associated emissions. Journal of
Geophysical Research, 88, 295-309.

Bell, T.F., H.G. James, U.S. man, and J.P. Katsufrakis. 1983b. The
apparent spectral broadening of VLF transmitter signals during tran-
sionospheric propagation. Journal of Geophysical Research, 88,
4813-4840.

Coroniti, R.V., F.L. Scarf, C.F. Kennel, and W.S. Kurth. 1984. Analysis
of chorus emissions at Jupiter. Journal of Geophysical Research, 89,
3801-3820.

Helliwell, R.A., and J.P. Katsufrakis. 1974. VLF wave injection into the
magnetosphere from Siple Station, Antarctica. Journal of Geophysical
Research, 79, 2511-2518.

Helliwell, R.A., S.B. Mende, J.H. Doolittle, W.C. Armstrong, and D.L.
Carpenter. 1980. Correlations between X 4278 optical emissions and
VLF wave events observed at L - 4 in the Antarctic. Journal of
Geophysical Research, 85, 3376-3386.

man, U.S., R.A. Helliwell, and W.S. Kurth. 1983. Terrestrial versus
Jovian VLF chorus: A comparative study. Journal of Geophysical Re-
search, 88, 6171-6180.

Kimura I., H. Matsumoto, T. Mukai, K. Hashimoto, T.F. Bell, U.S. man,
R.A. Helliwell, and J.P. Katsufrakis. 1983. EXOS-B!Siple Station vu
wave-particle interaction experiments, 1, General description and
wave-particle correlations. Journal of Geophysical Research, 88, 282-294.

Rosenberg, T.J., R.A. Helliwell, and J.P. Katsufrakis. 1971. Electron
precipitation associated with discrete very low frequency emissions.
Journal of Geophysical Research, 76, 8445-8452.

Thorne, R.M. 1983. Microscopic plasma processes. In A. Dessler (Ed.),
Physics of the Jovian magnetosphere. New York: Cambridge University
Press.

Development of automatic geophysical
observatory

J.H. DOOr ITTLE and S.B. MENDE

Space Sciences Laboratory
Lockheed Missiles and Space Company

Palo Alto, California 94304

During the 3 years 1983-1985, Lockheed Space Sciences Labo-
ratory developed and field tested at South Pole Station a pro-
totype automatic geophysical observatory (Harris and Mende)
1983; Doolittle and Mende 1984; Doolittle and Mende 1985). The
result is a viable design that provide power, heat, shelter, and
data acquisition for a variety of experiments, requiring no atten-
tion for a year at a time. The development of the automatic
geophysical observatory was done in response to a need recog-
nized by the upper atmospheric research community to extend
polar observations to a higher spatial resolution.

The rationale followed in designing an automatic geophysical
observatory begins by examining the science objectives, which
in turn determine the requirements for data acquisition rates
and siting preferences. Next, consideration is given to the avail-
able data paths such as satellite transponders, terrestrial teleme-

try links, or on-site recording for high volumes of data or ARGOS
data satellite links for lower volumes. The choice of data path
influences the power budget and requirements for the internal

Figure 1. Prototype automatic geophysical observatory facility oper-
ated at the South Pole during the period January 1983 to January
1986. Liquefied petroleum gas fuel is stored in the tank farm to the
right of the 8 foot x 6 foot x 6 foot shelter. An external heat
exchanger is used to radiate excess heat as required by the thermal
control system. Note the optical dome and ARGOS satellite antenna
located on the roof.
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environment. Options for power generation are then compared
on the basis of reliability, initial and annual costs, generator
weight, annual fuel weight, service interval, and the availability
of thermal energy for shelter heating. Finally, the shelter is
designed to protect the equipment from the harsh antarctic
environment.

The design criteria for the automatic geophysical observatory
prototype development was set by questionnaires sent to upper
atmospheric investigators in 1981. It was determined that the
unmanned facilities should provide about 12 gigabits of annual
data acquisition and generate about 50 watts of continuous
electrical power. Remote operations at latitudes above 81° pre-
cluded the use of geostationary satellite or terrestrial telemetry
links and thus the decision was made to provide on-site data
recording. The use of magnetic recording tape set a require-
ment for thermally stable "shirt-sleeves" interior environment.

The Lockheed automatic geophysical observatory design is
based on a liquefied-petroleum gas-fueled thermoelectric gen-

Figure 2. A view into the interior of the prototype automatic
geophysical observatory showing the data system mounted on a
platform above the thermoelectric generator. The rack on the left
contains a clock and data multiplexer, a tape controller and data
buffer, a power distribution panel, and a drawer for the four batteries.
The other racks contain the instrumentation tape recorders and
science experiments.

erator as a source of both power and heat. The gas-fueled ther-
moelectric generator was found to be the optimum choice over
other alternatives such as radioiosotope thermoelectric gener-
ators, Rankine cycle turbines, generators driven by diesel or
gasoline engines, solar cells, or windmills. The six-burner ther-
moelectric generator produces 60 watts of electrical power and
about 2,300 watts of usable heat that allows for a very large
shelter volume with the advantages that the equipment is not
constrained in size and a warm work-space can be provided.
The prototype automatic geophysical observatory shelter was 8
foot x 6 foot x 6 foot in size, as shown in figure 1, and was
insulated in all surfaces to a modest value of R-19. At the South
Pole, 400 to 800 watts of heat are all that is needed to hold the
interior temperature at 20°C. An interior view of the automatic
geophysical observatory in figure 2 shows the thermoelectric
generator mounted below a shelf supporting three standard
width racks of electronics.

The interior temperature is maintained at about 20°C by a
thermal control system that dumps excess heat to an external
radiator, shown in figure 1, using closed-loop freon heat ex-
changer. A cylindrical shroud surrounds the thermoelectric
generator exhaust outlet and is also heated to prevent ice from
forming. The shroud temperature was measured to be in the
range of 15° to 25°C when ambient temperatures were colder
than -70°C.

With the viable automatic geophysical observatory design
successfully demonstrated, interested investigators met at
Lockheed Space Sciences Laboratory in July 1985 to discuss the
scientific use of automatic geophysical stations in Antarctica.
Two major thrusts were identified for future automatic facilities:
a meridional array and a polar cap network. Both configurations
would make use of existing manned stations as well as to estab-
lish automatic stations at intermediate locations. It was recom-
mended to first develop the meridional array of sites shown in
figure 3 that cover the magnetic meridian passing close to South
Pole, Siple, and Palmer Stations. Automatic stations would be
located near Martin Hills and Fossil Bluff, and in the vicinity of
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Figure 3. A proposed array of manned and unmanned stations
spaced along the magnetic meridian which gives the greatest extent
in coverage from Antarctica.
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the geomagnetic pole near Dome C. An automatic station near
Siple Station would be warranted when manned winter opera-
tions are ended.

We express our appreciation to winter personnel Rick Dyson,
Dave Clements, Cyril Lance, and Laura Kay who have provided
valuable support during the prototype field test at the South
Pole. The automatic geophysical observatory development was
supported by National Science Foundation grant DPP 81-05624.
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The 1985-1986 South Pole balloon
campaign
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This paper describes the flight of eight stratospheric balloon
payloads from Amundsen-Scott South Pole Station, Antarctica,
at the geographic South Pole during the austral summer
1985-1986.

The primary tools used in this program were stratospheric
balloon payloads. The balloons were helium filled, had a vol-
ume of 5,100 cubic meters, and had a payload mass of 24.5
kilograms, giving a nominal float altitude of 32 kilometers. The
payloads were instrumented with three axis double-probe elec-
tric field detectors and X-ray scintillation counters. The electric
field detector had a dynamic range of 0.2-980 millivolts per
meter for the horizontal components and 0.5-2500 millivolts per
meter for the vertical component. The diameter of the X-ray
detectors was 7.7 centimeters. Other instrumentation meas-
ured the electrical conductivity, the ambient temperature and
the pressure. Three of the payloads included tone-ranging
transceivers. A picture of a payload is shown in the figure. The
ground-based data from the South Pole Station Cusp Lab; the
new conjugate observatory at Frobisher Bay, Northwest Territo-
ries; the Goose Bay, Labrador high-frequency coherent scatter
radar; the Søndre Strømfjord, Greenland incoherent scatter
radar; and satellite data from the Dynamics Explorer (DE-1),
from Defense Meteorological Satellite Program (DMSP F-6 and
F-7), and Interplanetary Monitoring Platform (IMP) 8 spacecraft
are also essential to the program.

The location of Amundsen-Scott Station at the South Pole
provided unique advantages for this project. The geomagnetic
latitude of the South Pole (A = 74.9°S) puts it in the middle of the
expected magnetic dayside cusp latitude range (Feldstein 1963;
Fairfield 1977; Eather, Mende, and Weber 1979) and about 5°
into the polar cap on the magnetic nightside. In addition to the
presence of the observatories mentioned above, an advantage of

this location for a balloon experiment is that the mean winds at
10 millibars in summer are 3-4 kilometers per hour (Environ-
mental Data Service 1974, 1975, 1977). Since the elevation of the
sun varies very slowly, flights of 3-4 days duration were
obtained.

Scientific objectives. The program had nine major objectives: to
make (1) long-term balloon measurements of the ionospheric
electric field in the vicinity of the polar cusp; (2) long-term
balloon measurements of high-energy electron precipitation in
the vicinity of the polar cusp; (3) long-term balloon measure-
ments of the foregoing in the midnight sector of the low latitude
polar cap; (4) conjugate measurements of the ionospheric elec-
tric field near the polar cusp and in the midnight sector of the
low latitude polar cap; (5) a continuous patrol study of the
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A photograph of the launch of flight #4. From top to bottom, the
flight train consists of the balloon, tone ranging unit, rotator motor/
reel-down, and the payload with the six electric field antennas and
the telemetry transmitting antenna.
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