U.S. Antarctic Research Program, 1973-1974
Review of year-round activities
This section of Antarctic Journal of the United States comprises the second part of a review of U.S.
anta ctic projects that were active in 1973 and 1974. Included are descriptions of data analysis done at home
insti utions and reports on year-round observations made in the Antarctic. Because of space limitations in this
issue, additional reports will be in the November—December 1974 issue. The first part of this review, in the
July August 1974 issue, describes field activities that took place in the 1973-1974 austral summer.

VLF wave injection experiments
at Siple Station
R. A. HELLIWELL and J . P. KATSUFRAKIS
Stanford Electronics Laboratories
Stanford University
Stanford, California 94305
H ghlighting the first austral winter (1973) of
Sta ford University's very low frequency (VLF)
rese rch program at Siple Station was the introduction of active experiments on the magnetosphere.
Bas d on the injection of VLF waves into the
magnetosphere from a transmitter at Siple, these
experiments are aimed at understanding the mecha-
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nisms of wave-particle interaction. Wide frequency
range and control of pulse length and power output
differentiate the Siple transmitter from conventional
VLF navigation and communication transmitters.
Low frequencies (< 6 kilohertz) are required to gain
access to the more active regions of the magnetosphere and to resonate with the higher energy electrons (- 100 key). The transmitter must also be
able to operate over extended periods of time and
under all seasonal and geomagnetic conditions.
Chosen especially for these experiments, Siple Station possesses several natural advantages. It is near
the plasmapause (L
4), a variable magnetospheric
boundary, where much interesting magnetospheric
activity is concentrated. It sits on a thick ice sheet
that provides the required low-loss platform for the
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Figue 1. Frequency-shift key (FSK) on 5.0 and 5.5 kilohertz. Hooks triggered at 5.0 kilohertz show inflections and reversals in slope at
power line harmonics.
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growth rates ranging from 30 to 200 decibels per
second. The output signal often is observed to saturate at a level about 30 decibels above the iaput
signal. Following the exponential growth phase,
emissions at new frequencies usually are triggered in
the form of narrowband rising or falling tones.
Emission cutoff or change in slope may occir at
frequencies not connected with known transmilters.
This effect has not been explained although it was
observed previously in the spectra of triggered cmissions. An example from the present experiment is

long (23 kilometers) dipole antenna. A high whistler
rate and a low atmospheric noise level also make
Siple ideal for the passive VLF program that is
closely associated with the active experiments. Finally,
the conjugate point to Siple, located n ' ar Roberval,
Quebec, Canada, is readily accessible throughout the
year.
Many fascinating and practically important results
have already been found (Helliwell and Katsufrakis,
1974). In many intervals of operation, signals injected
into the magnetosphere have shown exponential

kHz

...1•

1213:27 UT

15 SEP 73

kin

L
'

D

#

10

15

T I ME (sec)
'
Figure 3. FSK on 2.5 and 3.5 kilohertz, with variable pulse length. At 2.5 kilohertz, two adjacent 800-millisecond pulses trigger riser4 beginning at 1 and 2.6 seconds. These two risers are each followed by 3- and 5-hop echoes. The second and fourth risers of a 400-nilIisecond group at 215 kilohertz trigger hooks that also echo.
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Figure 4. FSK on 4.62 and
5.62 kilohertz; 1-second pulses
received on IMP-6 at 20S.
80'W. and at a geocentric
distance of 25,750 kilometers.
Signal fading is caused by
rotation of the satellite's
antenna.
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shown in fig. 1, in which two triggered hooks are
observed to inflect or reverse slope at various frequencies. These frequencies are associated with the
horizontal lines on the record, which are harmonic induction components of the Canadian power distribution system. A possible explanation of this "wave-wave"
interaction is that harmonic radiation from the Canadian power grid is amplified in the magnetosphere
and affects emissions in exactly the same way as the
Siple pulses (i.e., pulses at one frequency-shift key
frequency affect emissions triggered by pulses at the
other frequency).
A further example of wave-wave interaction is
shown in fig. 2, in which falling tones triggered at
5.52 kilohertz are affected by the pulses at 5.05
kilohertz. The three panels of fig. 3 also illustrate the
absence of a buildup time in the interaction process.
The plasma responds to the first signal transmitted.
The lowest frequency emissions yet excited by the
Siple transmitter are shown in fig. 3. The risers
triggered at 2.5 kilohertz produce whistler-mode
echoes, the superposition of which forms a background of hiss. These frequencies are important
because they precipitate >30 key electrons into the
ionspheric D-region (Rosenberg et al., 1971; Helliwell
et al., 1973).

Satellite observations show significant differences
between the Siple signals in the two hemispheres.
Septerriber-October 1974
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Figure 5. FSK on 5.0 and 5.5
kilohertz; 1-second pulse received in 1515-2 during a pass
over
Roberval,
Quebec,
Canada.
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Growth and triggering generally are absent in the
Southern Hemisphere (fig. 4) and are quite prominent in the Northern Hemisphere (fig. 5). These
observations provide further evidence that growth
occurs near the equatorial plane.
Future experiments using the Siple transmitter
include controlled precipitation of electrons and
development of improved methods for monitoring
the cold and hot plasma components of the magnetosphere. Controlled precipitation would open up new
possibilities for quantitative experiments on the
ionosphere, including production of auroras, hydromagnetic waves, and electron density enhancements.
This research was supported by National Science
Foundation grant Gv-28840.
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