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An important criterion used in selecting the location of
Siple Station was that the site and its conjugate, Roberval,
Quebec, Canada, should be in view of geostationary (syn-
chronous) communications satellites positioned over the
Americas or the Western Atlantic. COMSAT's early plans
called for placing the Intelsat Communications Satellite
over the Western Atlantic at a longitude such that its eleva-
tion above the horizon at Siple Station would be about 5°, a
satisfactory condition for communications. Unfortunately,
when the satellite was put on station it was positioned farther
east and below Siple's horizon.

Fortunately, an alternative system has recently become
available through the Applications Technology Satellite
(ATS) series, managed by the Goddard Space Flight Center
of the National Aeronautics and Space Administration. For
much of the time until this year, experiments involving the
satellites were conducted at longitudes away from the Siple
meridian. However, it is now possible to use one of the
satellites several times a day on a continuing basis for com-
munication between Siple and the conjugate station Rober-
val and our home laboratory at Stanford University. The
satellite is ATS-3, and its use has significantly improved the

controlled wave-particle and wave-wave interaction ex-
periments being conducted at Siple and Roberval.

The use of a satellite relay overcomes many of the prob-
lems of long-distance communications, since efficient line-
of-sight radio transmission can be employed. For example,
the signal is not degraded by auroral storms, etc. Once free
of the earth's ionosphere, the signals traverse space with only
moderate attenuation; reliable communication is achieved
at relatively low power levels (ATs-3 radiates 2.1 watts). The
height of the orbit, 22,752 nautical miles, permits line-of-
sight transmissions from a single satelite to a third of the
earth's surface.

ATS-3 previously was used in antarctic operation in 1968
and 1969, when sea-ice conditions as seen by the ESSA Nim-
bus satellite were relayed to USCGC Glacier during the Inter-
national Weddell Sea Oceanographic Expedition. Now, the
Desert Research Institute of the University of Nevada, Reno,
is using the satellite from Palmer Station, while Stanford
University is communicating from Siple Station, as shown in
figure 1.

The main observation point for the whistler-mode signals
from the Siple transmitter is Roberval, as indicated in figure
2. The diagram shows three 500-millisecond transmitted
pulses separated in time by 1 second and traveling along a
geomagnetic field-aimed path at roughly 1/20th the velocity
of light. A key feature of the experiment is the occurrence of
rapid wave growth within an interaction region near the
equator. The detailed behavior of the pulses and the new
frequencies they may stimulate depend in a complicated way
on transmitter frequency, modulation, and power.

The immediate source of information on the success of a
particular transmitting strategy is the observer at Roberval.
In the past he has not been able to communicate directly
with Sipie, and operating strategies at Siple have been based
on available local information and on general guidelines
from the home laboratory. With the use of real time com-
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Figure 1. Illustration of
the use of the ATS-3 com-
munications satellite in
coordinating experiments
involving Siple Station and
its conjugate at Roberval,

Quebec.

178	 ANTARCTIC JOURNAL



ROSERVAL VLF
RECEIVER

SIPLE STATION
VLF TRANSMITTER
AND RECEIVER

munications between Roberval and Siple, the Roberval
observer may now take direct part in an experiment as it
develops, judging the success of parameter choices at Siple
and recommending changes in strategies as needed. This ap-
proach has been highly successful; an example from one of
the first periods of Roberval-guided operation is presented
in figure 3. The upper panel shows a Roberval frequency-
time record for about 4 minutes on 12 April 1977. The lower
panel shows an expanded view of parts of the data during a
time when Siple transmitted two frequency ramps descend-
ing from 3.51 to 2.51 kilohertz. The Roberval operator had
noted the existence of natural noise at 3 to 4 kilohertz and
had recommended that Siple transmit as indicated. Ex-
cellent results were achieved; rapid wavegrowth occurred,
and intense rising emissions were stimulated by the descend-
ing ramps as well as by a train of pulses beginning at
1627:45 (upper panel).

The broadband VLF spectra recorded at Siple contain
much information needed in studies of wave-particle in-
teractions in the magnetosphere, magnetosp here -ionosphere
coupling effects, and the structure of the thermal plasma of
the magnetosphere. These Siple data are usually not re-
ceived at Stanford until late December of each year. The
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Figure 2. Diagram illustrating the propagation of pulses
from the Siple transmitter along a geomagnetic field-alined
path to a receiver at Roberval, Quebec, in the conjugate

hemisphere.
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satellite link now provides quick access to samples of the
data and thus improves our ability to evaluate current ex-
periments and to recommend modifications of transmitting
and recording strategies. Figure 4 (upper panel) shows a
frequency-time record transmitted from Siple via ATS.
Below is the simultaneously recorded data from Roberval.
The striated noise activity shows the effects of power line
radiation in the magnetosphere, involving the echoing back
and forth between conjugate points of wave packets at fre-
quencies that are high-order multiples of 60 hertz. The wave
packets exhibit temporal growth, and there is stimulation of
new frequencies.

In the future we plan to use ATS-3 in conjunction with
balloon and rocket programs at Roberval and Siple, and
also in conjunction with the ISEE (International Sun-Earth
Explorer) satellite, which will carry a Stanford University
VLF receiving experiment. Detailed in situ observations of
correlations between particles and waves is a major objective
of the ISEE satellite program. Such programs require a high
level of coordination in real time and will benefit greatly
from the ATS link. During the ISEE satellite experiment, our
plan is to monitor in real time the VLF spectrum observed at
Roberval and on the satellite. Information communicated
to Siple should greatly increase the likelihood of detection
on the satellite of Siple-induced perturbations of
magnetospheric particles.

It is presently planned to use ATS-3 during the lifetimes
of the present Siple Station and its successor at the same
location, Siple II.

This research was supported by National Science Founda-
tion grants DPP 74-04093 and DES 74-20084 and National
Aeronautics and Space Administration grant NGL-05-020-
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An important problem in current solar-terrestrial
research is the interaction of waves and particles in the
earth's magnetosphere. "Clouds" of energetic protons and
electrons are frequently injected into the magnetosphere at
geocentric distances of several earth radii. These particles
can interact strongly with various types of electrostatic and
electromagnetic waves. One result is the precipitation of
some of the trapped particles into the earth's ionosphere.
The energy deposited by these precipitated energetic elec-
trons is converted to heat, light, x-rays, and enhanced
ionization. The excess ionization alters the conductivity of
the lower ionosphere and hence affects radio communica-

tions and the electrical state of the region extending from
the earth to the lower ionosphere.

Very low frequency (VLF) waves transmitted from Siple
Station, Antarctica are amplified as they travel through the
magnetosphere to the magnetically conjugate station at
Roberval, Quebec (Helliwell and Katsufrakis, 1974; Stiles
and Helliwell, 1977). The observed signals provide further
evidence that weak but coherent signals injected into the
magnetosphere may control relatively large amounts of
power in the form of precipitated energetic electrons. The
ratio of 'precipitated' to injected power may reach as high as
five orders of magnitude (50 decibels). One source of the VLF
waves is power line radiation (PLR). Earlier studies using the
Siple transmitter led to the recognition that harmonic radia-
tion from power distribution systems may play a major role
in the production of VLF magnetospheric noise (Helliwell et
al., 1975). Thus PLR may be an important factor in the loss
of electrons from the magnetosphere during recovery from
the disturbances during which the electrons are 'injected' or
energized. Previously acquired data from satellite OGO-3
now reveal that the commonly occurring discrete VLF emis-
sions of the outer magnetosphere, once thought to be
generated spontaneously, are actually initiated at harmonics
of the world's power systems (P. Luette, personal com-
munication, 1977). Thus there appears to be a subtle way in
which man has been perturbing the natural processes of
energy transformation and transport in the magnetosphere
and ionosphere.

The Siple transmitter is being used in further investiga-
tion of power line radiation. Figures la and lb illustrate an
event in which Siple transmitter signals appeared to 'turn
on' a 6-minute long VLF noise event whose frequency-versus-
time characteristics were dominated by power line harmonic
radiation. The records display frequency from 2.5 to 4.5
kilohertz versus time during a period when Siple was
transmitting 15-second long descending frequency ramps
between 3 and 4 kilohertz.

Examples of the frequency ramps can be seen in panels a
and b near 1556 universal time. (UT) The first and fifth
descending ramps were received after propagating once
along a field-line path from Siple to Roberval. The interven-
ing and following ramps represent the echoing back and
forth along the path of these original transmissions. Near
1557 another identical pair of ramps was transmitted.
Meanwhile, the echoing process was accompanied by wave
growth at a number of discrete frequencies. Panel b shows
the corresponding striation effects with higher time resolu-
tion. As the echoing wave packets grew in amplitude new
frequencies were emitted and the event broadened in band-
width.

Figure ic shows a similar event initiated by a lightning-
induced whistler whose causative atmospheric occurred just
before 1432:20. The whistler energy echoes back and forth
between Siple and Roberval, exhibiting wave growth and
emission of new frequencies. However, the entire event is
striated in frequency, indicating the influence of power line
radiation.

A major step has been taken toward the realization of ex-
periments in which Siple signals produce or trigger
precipitation of particles into the ionosphere. Figures 2a and
2b show results from a 1973 experiment in which bursts of
VLF noise recorded at Siple were correlated with amplitude
variations in fixed frequency VLF signals. The bursts of noise
propagating in the magnetosphere were presumed to have
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