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Energetic electron precipitation
near the plasmapause

T. J . ROSENBERG

Institute for Fluid Dynamics and Applied Mathematics
University of Maryland

At Siple Station during the 1970-1971 austral
summer, the University of Maryland's Institute for
Fluid Dynamics and Applied Mathematics balloon
group measured bremsstrahlung X-rays to study
energetic electron precipitation from the magneto-
sphere. The results of the measurements will be used
to study the magnetosphere and the ionosphere
near the plasmapause. (For a description of the
plasmapause, see Antarctic Journal, vol. V, no. 4,
p. 115-116.)

The program had two principal objectives. One
was to determine the degree of correlation between
energetic electron precipitation (E e > 25 keV), as
manifested by bremsstrahlung X-rays' at balloon
heights, and various types of VLF emissions recorded
by groundbased receivers. Since the plasmapause is
a region of enhanced wave activity, it seemed appro-
priate to look there for a high degree of correlation
between temporal features in electron precipitation
and VLF noise.

The other objective was to determine whether the
equatorward extent of electron precipitation events
associated with magnetic storms and substorms coin-
cides with the position of the plasmapause. Because
under magnetically quiet conditions the plasmapause
would lie poleward of balloons launched from Siple

Station, enhanced magnetic activity during a flight
would cause the plasmapause to shift equatorward
of the balloon position. Multiple passes of the plasma-
pause over the balloon, both equatorward and pole-
ward, could occur under suitable conditions.

With the assistance of Stanford University per-
sonnel, eight launches were made from December 19,
19705 to January 12, 1971; flight durations ranged
from 10 to 24 hours. When balloons were aloft,
continuous broadband VLF recordings were made
by Stanford University at Siple Station, and similar
recordings were made at Siple's conjugate point near
Roberval in Quebec, Canada. VLF receivers pro-
vided by the Norwegian Institute of Cosmic Physics
were also flown on three balloons.

Several simultaneous electron precipitation and
VLF events of interest were recorded. Though data
analysis is still in an early stage, one significant
result can already be reported. It was found that
short duration bursts of X-rays with energies greater
than 30 keV were correlated one-to-one with dis-
crete VLF rising tones in the 1.5- to 4.5-kHz band.
Several hundred examples of this correlation were
noted over a 1-hour period. To our knowledge, these
data represent the first direct experimental evidence
for an electron precipitation effect related to cyclo-
tron resonance on magnetospheric field lines. Further-
more, since discrete rising tone emissions can be
stimulated artificially using groundbased transmitters
operating in the VLF range, these data also suggest
that the controlled stimulation of VLF emissions will
lead to the controlled precipitation of energetic elec-
trons into the ionosphere.

Experiments of this type will be carried out in the
next several years to examine this relationship.
Coming at a time of increased emphasis on ground-
based methods to study the magnetos phere, our first
season's effort offers exciting possibilities for future
study of the physics of magnetospheric wave-particle
interactions at moderate cost and under laboratory-
like conditions.

Solar and magnetospheric studies
at Byrd Station, summer 1970-1971

D. S. PEACOCK, A. CSOEKE-POECKH,
R. GOLD, and F. WHITE

University of Denver

The University of Denver group arrived at Byrd
Station on December 24, 1970, to continue and extend
the investigation of energetic particle influx made by
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Balloon inflated and ready for launch.

Dr. J . Barcus on three previous expeditions to Byrd
Station (L=7). Our main aims were to study the
diurnal variation in the "quiet time" cutoff and the
rapid fluctuations of magnetospherically accelerated
particles (period approximately 0.1 to 10 sec).

As in previous years we used balloon-borne scintil-
lator crystals and Geiger counters to detect primary
and secondary particles at 5 to 8 g per sq cm residual
atmospheric depth. However, to get the time resolu-
tion required for the second part of the study, an
improved detector was used with a pulse code modula-
tion (PCM) telemetry system.

The ground receiving station was set up by January
1 5 1971, payloads were checked out, and then the
waiting started. We were using a new type of balloon
consisting of 20-rn-diameter superpressure spheres
fabricated of bilaminated mylar (see photo). It had
never been used in the Antarctic, and we were cau-
tious about launching it in anything more than a
5-knot surface wind. (Byrd Station is notoriously
windy.)

The first launch on January 15 was a failure inas-
much as the balloon did not float at the design alti-
tude. Urgent calls to the balloon manufacturer were
met with new recommendations on helium inflation.
The second (and last) balloon was successfully
launched on January 26, 1971.

A solar particle event began early on January 25
and lasted for about 5 days (it was the largest such
event since January 1967). A sudden-commencement
geomagnetic storm occurred on the 27th, following
the solar outburst by some 50 hours. We tracked the
balloon and received data continuously for 3 days.
We are now analyzing these data automatically using
a Data General mini-computer.

The expedition yielded two major achievements.
The viability of superpressure balloons for antarctic
use was demonstrated, and data were obtained on a
large solar particle event and associated sudden-
commencement geomagnetic storm with better time
resolution than ever has been obtained before.

The authors are indebted to the many USARP and
U.S. Navy personnel who provided valuable assistance
at Byrd Station.

VLF dielectric and loss properties
of the ice sheet at Byrd Station

IRENE C. PEDEN

Department of Electrical Engineering
University of Washington

Byrd Station's longwire substation was visited in
November and December 1970 by Mrs. Julia Vickers
of Christchurch, N.Z., and the author, members of a
research team carrying out one of the last experiments
ever performed with the 21-mile dipole antenna that
distinguished the station. The goal was to determine
the dielectric and loss (permittivity) properties of
the ice—frequency-dependent parameters that in-
fluence the behavior of very low frequency antennas
and radio propagation in the polar regions. Even the
deepest layers of the ice sheet constitute part of the
electromagnetic environment of VLF waves used to
probe the upper atmosphere, and they cannot be
neglected in connection with accurate descriptions
using groundbased instrumentation (Webber and
Peden, 1970).

The complex permittivity of the antarctic ice sheet
had not been measured over the VLF band until last
summer. The unique advantage of the technique used
is its capability for yielding, from near-field surface
measurements alone, effective bulk average per-
mittivity figures that incorporate the influence of deep
ice that is not accessible to direct measurement.

For each of the frequencies selected (5.0, 7.5, 10.0,
12.8 5 17.5, and 20.0 kHz), the dipole was energized
and a trackmaster vehicle equipped with instruments
was driven along a baseline 100 m from and parallel
to the main road between longwire and Byrd Station,
the road being perpendicular to the dipole antenna.
A wooden sled dragged behind the vehicle carried a
loop receiving antenna that fed into battery-operated
amplitude-measuring equipment. Signals were re-
turned to the station by VLF-modulated telemetry
for phase comparison at the transmitter. An operator
in the longwire substation electronics laboratory read
and recorded phase information as a function of
distance from the terminals of the long antenna; the
station and vehicle were in voice contact at all times.
Surface magnetic field data were recorded and plotted
continuously during the course of the experiment and
hand-carried back to Seattle for computer data re-
duction that is still under way.

Preliminary results indicate that the relative com-
plex permittivity on an effective bulk average basis
varies smoothly with frequency in a characteristic way
known as the Cole-Cole plot or Argand diagram
(Evans, 1965; Peden et al., 1971). There is evidence,
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