
Conjugate geomagnetic studies
near the plasmapause
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A new program of intensive conjugate magnetic
field studies near the average plasmapause position
(L4) was begun during the last austral summer.
Measurements were taken at Siple Station, Antarctica,
and at three stations spaced at 70-km intervals on a
north-south line in Quebec, Canada—Girardville, St.
Hedwidge (near Roberval), and Lac Rebours. These
measurements were part of a program for the study
of magnetospheric phenomena and the development
of magnetospheric diagnostics by measuring and
analyzing naturally occurring geomagnetic noise and
coherent pulsations. The studies will extend, in both
time resolution and frequency, the previous magnetic
bay studies of Boyd (1963) and the single-axis meas-
urements of Campbell (1968) using the conjugate
stations Eights and Baie St. Paul.

All four stations have temperature-compensated
three-axis fluxgate magnetometers with an
noise level and with a range of ± 1000 y. The field
values, measured for each of the three axes to a
resolution of 0.06 y, are sampled at 2-second intervals
and incrementally written in a computer-compatible
format on magnetic tape. Housekeeping parameters
are recorded every 10 minutes to provide a monitor
of the overall system performance. A crystal-controlled
digital clock maintains a time reference accurate to

within 1 second over the 1-month period (2 weeks
at Siple) between tape changes. At Siple, the outputs
of two of the axes are displayed on a chart recorder
for real-time correlative use with the other station
geomagnetic observations.

The three Canadian stations, installed in facilities
of the Bell Telephone Company of Canada, began
recording during October 1970. The Siple instrument
began routine recording on December 14 and con-
tinued to record until the station was closed at the
end of January.

One area of current data analysis concerns the study
of magnetospheric noise and pulsations that followed
the large geomagnetic storm of December 14, 1970.
This storm, which was recorded as an 1400 y
negative bay at L4, was both preceded and followed
by several days of geomagnetic quiet. The magnetic
bay and three of the succeeding quiet days recorded
by the H-component sensor at Lac Rebours are shown
in fig. 1. At the top of this figure is an expanded
plot of the daytime data recorded during December
15, the day following the large bay. At the bottom
of the figure are plotted the 3-hour Kp values.

The dynamic power spectral analysis (Tartaglia,
1970) of the H-component from three of the stations
during the period 1100-1500 UT (0600-1000 LT)
on December 15 is shown in fig. 2. Although there
are intervals of enhanced bands of activity in fig. 2,
a detailed examination of the three field components
shows that there were no coherent pulsations during
this time or, indeed, during the entire period 1100-
2300 UT (shown in an expanded view in fig. 1). In
fact, study of the daytime data from the four stations
shows that distinct pulsations do not begin to appear
until approximately 2 days after the storm.

Figure	1.	H-component
magnetic	field	intensity
measured at Lac Rebours,
December 14 to 17, 1970. At
top is an expanded view of
the H-component data from
0600 to 1800 LT on Decem-
ber 15. At bottom are
plotted the 3-hour Kp

indices.
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It is clear from the spectra plotted in fig. 2 that
measurements of the overall magnetic disturbance
(magnetic noise) taken at the three stations were
very similar. This similarity remained throughout the
daytime of December 15 although the geomagnetic
noise, decreased in intensity.

The similarity of the geomagnetic noise can further
be examined by computing a noise "power index" P,
defined here as the 5-minute average of the total power
in the spectral band with a period of 10 to 64 seconds.
This index for the H-component is plotted in fig. 3
for the three stations for the entire 12-hour daytime
interval on December 15. The similarity of the power
spectral density as measured at the three stations is
readily apparent.

The absence of distinct coherent pulsations during
December 15 could be due to low plasma densities
outside the plasmapause following the large storm.
Typically, densities of 0.1 to 1.0 particle per cm3
are measured by satellites beyond the plasmasphere

boundary (Harris et al., 1970). If the pulsations ob-
served on later days are due to odd-mode magneto-
spheric eigen-oscillations, then the work of Kitamura
and Jacobs (1968) suggests that for the densities
quoted above, the predominant pulsation periods
should be less than 10 sec. The observed reappearance
of pulsations on later days suggests a filling of the
plasmasphere, as observed in whistler measurements
(Park, 1970).

Although coherent pulsations were not observed on
December 15, the similarity of the measurements of
magnetic noise near conjugate locations in both
hemispheres is highly significant in that it suggests a
magnetospheric—in contrast to an ionospheric—
origin for the noise. This noise could well be generated
during the repopulation of the plasmasphere. The
conjugacy of such magnetospheric noise as a function
of magnetic conditions and local time is being studied
further to help elucidate plasmasphere processes and
dynamics.
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Figure 2. Dynamic power
spectra of the H-component
field intensity from Siple,
Lac Rebours, and Girard-
yule from 0600 to 1000 LT,

December 15, 1970.

Figure	3.	Geomagnetic
noise-power index from the
H-component data recorded
at the three stations during
the daytime hours 0600 to
1800 LT, December 15. Hori-
zontal bars indicate periods
of electrical interference in

the Sipte data.
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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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