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This structured Pc-1 was re-
corded at 1150 to 1200 Uni-
versal Time, January 31, 1973,
at Sipe. Frequency and time
scales are labelled. The third
coordiaate is pulsation ampli-
tude. ihe largest peaks in the
event are approximately 100
milligammas in amplitude.

sphcr2 with high plasma density (>100 electrons per
cubic centimeter) has its outer edge, the plasmapause,
near 1 earth radii on the equatorial plane. Siple lies
near the intersection of field lines that cross the
equator at 4 earth radii; thus Siple is a promising
place to observe features of the plasmapause with a
variety of techniques, in this case the Pc—i micro-
pulsations. As an added bonus the Explorer 45 satel-
lite, with a number of charged particle and magnetic
field detectors, passed close to Siple field lines at the
equatorial plane every 4 days.

The digitally recorded signals have been particu-
larly suitable for computer processing, and a variety
of signals has been found on the tapes from the 1973
austral winter. Although the work of interpreting the
inicropulsations and seeking correlations with satel-
lite measurements is still underway, an example of
the signals detected is shown here. The event shown
is a structured Pc—i micropulsation of the type that
has been called pearls or ultra low frequency (uLF)
whistlers (Kenney et al., 1968). The figure displays
the flexibility of the digitally recorded signals. In this
three-dimensional presentation, frequency, time, and
signal amplitude are displayed with the aid of a com-
puter controlled plotter. The signal consists of a series
of rising tones near 0.6 hertz where the repetition pe-
riod for the rising tones is about 70 seconds. Liemohn
et al. (1967) have shown that such structured signals
can be analyzed to yield the equatorial path intercept
and the equatorial plasma density. We are attempting
to use the signals as monitors of the magnetosphere

where the signals are generated and propagate. The
Explorer 45 and Al's-6 satellites may assist in this
goal by providing direct, in situ measurements.
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Auroral breakup at conjugate points
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Earlier results from the conjugate flights along the
College, Alaska, magnetic meridian (256° dipole
meridian) have revealed apparent substorm depend-
ent conjugate point wandering (Stenbaek-Nielsen
et al., 1972). Indications are that a shift takes place
at the time of the auroral breakup. Prior to the
breakup, westward traveling surges south of New
Zealand appear to be displaced to the west of their
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Alaskan counterparts, whereas after the breakup we
observe an eastward displacement.

The conjugate properties of the breakup, itself, are
under investigation with some of the results given by
Davis and Stenbaek-Nielsen (1974). We have identi-
fied 24 events in our data in which we observe
brightening or poleward expansion of the auroras.
The events may not all be actual auroral breakups;
some may be just local activations as often are seen
in the aurora. The exact onset time of the brightening
often is uncertain, but apparently it occurs simultane-
ously or nearly simultaneously at conjugate points.
Most of the events appear to have their onset either
on the meridian of the airplane flights or to the west,
which is surprising since most of the events are in
the evening sector and the auroral breakup is thought
to originate near midnight. Thus one expects the
majority of the onsets to be located to the east of the
flight path.

During the breakup, itself, the auroras are so com-
plex and rapidly changing that it is difficult to estab-
lish the degree of conjugacy. The equatorward
boundary of the auroral displays remains conjugate
during the breakup. The poleward boundary does
not: poleward expansion normally is greater in the
Northern Hemisphere. Also more auroral forms are
evident over Alaska during the breakup, and the
forms are brighter. In almost all examples the most
poleward auroral form and the expansion itself are
much better defined in the Northern Hemisphere; in
one example a small but definite breakup is observed
almost exclusively over Alaska. Only a few examples
are found with the Southern Hemisphere auroras ex-
panding poleward of the Northern Hemisphere
auroras.

We do not know the reason for the conjugate point
wandering and the hemispherical asymmetry. The
generally brighter Alaskan auroras may be explained
by Earth's asymmetric internal magnetic field
(Stenbaek-Nielsen et al., 1973), but whether this also
can account for the approximately systematic dif-
ferences in the auroral breakup is uncertain. If the
asymmetry of Earth's internal magnetic field is re-
sponsible we would expect brighter auroras and a
more extensive breakup over Syowa Base (Japan),
Antarctica, than over its conjugate, Reykjavik, Ice-
land. That such longitudinal and hemispherical dif -
ferences exist is indicated not only in the conjugate
flight data reported here but also in ot"er observa-
tions of auroral phenomena (Stenbaek-Nilsen, 1974).
Next year we hope to fly a series of conjugate flights
along the Syowa-Reykjavik meridian, in cooperation
with the Los Alamos Scientific Laboratory, to further
investigate this asymmetry.

This research was supported by National Science
Foundation grant Gv-28809.
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Cosmic ray intensity variations
in Antarctica
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Acceleration of protons to relativistic energies
(about a billion electron volts), a relatively rare phe-
nomenon, occurs in discrete explosive events asso-
ciated with solar disturbances. Shortly after onset of
some major solar flares, cosmic ray intensity at Earth's
surface shows an abrupt increase over galactic back-
ground flux, reaches a peak in a few hours, and then
decays over a period of several hours (Duggal et al.,
1971; Duggal and Pomerantz, 1972, 1973). This
cataclysmic process entails a chain of events in which
particles in the solar atmosphere are injected into a
region where the acceleration mechanism is operative;
they are confined there for a sufficient length of time
to attain high energy and then are released into space
(Pomerantz and Duggal, in press).

Thus far, 25 ground level enhancements (OLE)
have been recorded. Both individually and collectively
these events have provided information on several
problems connected with acceleration and pro7aga-
tion of particles (Pomerantz et al., 1961; Duggal
et al., 1971; Duggal and Pomerantz, 1972, 1973;
Pomerantz and Duggal, 1974). Fig. 1 shows the
heliographic coordinates of solar flares associated with
all OLE detected since the start of observations in
1936. The centroid (asterisk in fig. 1 of all the OLE
occurs close to the base of the spiral interplanetary
magnetic field (IMF) line 0-at connects Sun to
Earth. Other studies (Duggal and Pomerantz, 1971,
1973; Duggal et al., 1971; Maurer et al., 1973) show
that solar cosmic rays tend to follow the IMF. This
figure thus reveals that a very efficient transport
mechanism in the solar corona is effective over a
900 sector on either side of the so-called garden hose
line (Duggal and Pomerantz, 1973).
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