
served in the range 5.5-7.0 Earth radii during sampling extend-
ing over a year.

The physics of this type of propagation remain poorly under-
stood and need further study. The gap and the lack of propaga-
tion prior to midnight may in part be due to conditions of low
plasma density (Higel and Wu 1984) and processes which may
inhibit the formation of density enhancements that are capable
of trapping and guiding the waves. The favorable conditions in
the afternoon appear to depend upon the relatively moderate
plasma convection velocities of this region, as well as the higher
ambient plasma density levels [electron densities of order 5-10
per cubic centimeter, compared to values of order 0.5-1.0 per
cubic centimeter prior to midnight (Higel and Wu 1984)]. The
relatively high activity levels found at 75°W do not appear to
extend to all longitudes. The reasons for this are not well known
and are currently the object of a special study by the SCAR upper
atmospheric physics working group.

This research was supported in part by National Science
Foundation grants DPP 83-17093 and DPP 83-18508.
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ISEE-1 satellite observations during
Siple

Station very-low-frequency wave-
injection experiments

T.F. BELL and J.P. KATSUFRAKIS

STAR Laboratory
Stanford University

Stanford, California 94305

The primary purpose of the Siple Station very-low-frequency
(VLF) transmitter is to inject coherent VLF waves into the
ionosphere and magnetosphere to understand nonlinear inter-
actions between coherent VLF waves and the energetic particles
which populate the Earth's radiation belts (Helliwell and Kat-
sufrakis 1974). It is commonly believed that interactions be-
tween VLF waves, both natural and manmade, and the radiation
belt particles play an important role in determining the lifetime
and pitch angle distribution of these particles. Consequently
these interactions provide an important mechanisms by which
energy is tranferred from the Earth's magnetosphere to the
ionosphere.

Because of the basic unity of plasma processes throughout the
universe, knowledge gained as a result of the wave-injection
experiments may eventually be applicable to other planetary
and stellar plasma systems. For example, a strong similarity has
been shown to exist between the mechanisms of VLF chorus
emission in the magnetospheres of the Earth and Jupiter (Coro-
niti et al. 1984; man, Helliwell, and Kurth 1983). Furthermore,
VLF wave-induced pitch angle scattering has been proposed to
explain the depletion of energetic ions outside the orbit of lo in
the Jovian magnetosphere (Thorne 1982).

One of the main goals in the Siple Station VLF wave-injection
experiments is to understand the mechanism by which VLF

emissions are stimulated in the magnetosphere. In the simula-
tion process, which is believed to take place near the magnetic
equatorial plane, the perturbing waves may be amplified by as
much as 30 decibels, and the resonant energetic electrons may
be scattered into the atmospheric loss cone, eventually pre-
cipitating into the lower ionosphere to produce bremsstrahlung
X-rays, optical emissions, and plasma density enhancements
(Helliwell and Katsufrakis 1974; Helliwell et al. 1980; Rosen-
berg, Helliwell, and Katsufrakis 1971).

To understand the stimulation process, it is necessary to
know the characteristics of the waves and particles in the inter-
action region. Thus, an important component of the various
Siple Station VLF wave-injection experiments has been the sup-
port provided by various satellites, such as Explorer 45 (USA),

Exos-B (Japan), ISEE-1 (USA), ISIS-1 (Canada, ISIS-2 (Canada),
and DE-1 (USA). Correlative data from these satellites have been
used to determine the characteristics of the injected waves and
energetic particles in the ionosphere and magnetosphere and to
establish the importance of coherent whistler-mode waves in
magnetospheric wave-particle interactions (Bell, man, and
Helliwell 1981; Bell et al. 1983a, 1983b; Kimura et al. 1983.)

The figure shows an example of recent data acquired by the
Stanford University instrument on the ISEE--1 satellite during
Siple Station VLF wave-injection experiments. In this example,
pulses from the Siple transmitter at approximately 3.5 kilohertz
are observed to trigger a series of strong VLF emissions, each of
which endures for approximately 2 seconds. The observations
are part of a new generation of wave-injection experiments
using the new VLF transmitter at Siple Station. The purpose of
these new experiments is to understand the mechanism which
produces VLF emissions in the region of the magnetosphere
exterior to the plasmasphere. It has been known for some time
that VLF emissions triggered outside the plasmasphere often
differ spectrally and in intensity from those triggered inside the
plasmasphere (Bell et al. 1981). The new transmitter has a radi-
ated power 3 decibels higher than the earlier transmitter. It is
believed that the stronger signals from the new transmitter will
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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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