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Figure 2. Example of data collected by the refraction offset generator.

second and data resolution of about 0.16 TECU per second (one
TEcu = 1012 electrons per square centimeter). These resolution
values are determined by the digitizing sampling rate (4 hertz)
and can be decreased, if necessary, by redigitizing the data at a
higher sampling rate. The ionospheric intercept computed
from the known satellite position provides a horizontal spatial
resolution of 1-2 kilometers.

This data sample shows two regions (near 120 and 360 sec-
onds) where the rate of change of electrons is much larger than

usual, while the remainder of the sample shows a rate of change
close to an ambient level. We hope to correlate these regions of
high activity, on a statistical basis, with identifiable geophysical
features such as active aurora or geomagnetic storms.

The data collection at McMurdo is an ongoing effort; the data
are put on cassette tapes and shipped out several times a year.
The digitizing and analysis at Applied Research Laboratories
began recently, and statistical results for the 1979 and 1980 data
are expected shortly.

Cosmic ray intensity variations

M. A. POMERANTZ and S. P. DUGGAL

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19711

In addition to giving rise to the continuous and varying
modulation of galactic cosmic rays, the Sun emits high-energy
particles (>1 gigaelectron volt) on rare occasions. Guided by the
interplanetary magnetic field, these solar cosmic rays find their
way to the Earth when the necessary conditions prevail. The
Bartol network of antarctic cosmic ray detectors located at
McMurdo and South Pole Stations record solar particles as
intensity increases superimposed on the ambient galactic flux.

During the 45-year period 1936-1980, only 32 ground-level
enhancements (GLE) associated with large solar flares have been
observed. In two of these events, an unusual combination of
shock waves in the solar plasma led to acceleration of particles in
interplanetary space (rather than in the vicinity of the Sun).
During 1981, two additional GLE events were recorded, one of
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Figure 1. Enhancements in the nucleonic intensity recorded in Ant-
arctica (McMurdo and South Pole Stations) associated with a solar
flare on 12 October 1981. SPIN refers to the conventional sensor, the
so-called "super neutron monitor" array. BC, or "bare counter"
responds to slightly lower primary energies and thus Is more sensi-
tive to solar cosmic rays. For galactic cosmic rays, the Intensity
changes In SNM and ac at South Pole are always identical.
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which could not have been unambiguously identified prior to
the installation of the new so-called atmospheric neutron detec-
tor at South Pole Station.

The outstanding solar flare (importance 3B) that commenced
at 1632 universal time on 10 April 1981 was associated with the
heretofore undetectable GLE, which reached a peak magnitude
of only 1 percent around 1900 universal time, although the
heliographic location of the solar flare at 07N 35°W was favora-
ble for the propagation of particles from the Sun to the Earth.

On the other hand, the chromospheric eruption (importance
3B) that occurred on 12 October 1981 at 17S 32°E, far from the
base of the "garden hose" field line that connects the Sun with
the Earth, produced a large GLE (figure 1). This event is barely
compatible with the model we proposed some time ago (Duggal
and Pomerantz 1973) that envisages a fast propagation region
where energetic particles are transported by a still-unknown
mechanism around a large portion of the solar circumference
(up to about 90°). The onset of the enhancement at approx-
imately 0645 universal time, just 28 minutes after the com-
mencement of the solar flare, was almost simultaneous in the
north and south polar regions. Preliminary calculations indicate
that the spectrum of this event can be represented by a power
law of the form I = KP, where K is a constant, P is particle
rigidity, and -y	5.0.

A quite different study of our measurements of the north-
south asymmetry has revealed that there is a genuine 27-day
variation (corresponding to the rate of rotation of the Sun about
its axis), whereas shorter period peaks noted earlier in the
power spectrum are not significant. Analysis of the relationship
between north-south asymmetry and the component (ii) of the
interplanetary magnetic field parallel to the "garden hose" di-
rection has been carried out. Figure 2 shows a superposed
epoch analysis of the north-south asymmetry as derived from
the cosmic ray flux recorded simultaneously at Thule and
McMurdo. The key days (day zero) for the plots in this figure are
characterized by large values of B 0, either toward or away from
the Sun. The magnitude of the axial anisotropy clearly is related
to B0, and the intensity variation around the epoch day is repeat-
ed near ±27 days. Furthermore, the phase of north-south asym-
metry depends on the direction of B 11 . This analysis has con-
firmed our hypothesis that the origin of 27-day variations in the
north-south anisotropy is the streaming caused by B0 x
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Figure 2. Superposed epoch analysis of the north-south asymmetry
with respect to key days selected on the basis of the sense and
magnitude of B,, the component of the interplanetary magnetic field
along the spiral "garden hose" direction. (a) 6,1 'ty and (b) ë,
—4y ('y = 10 gauss). The number of key days for the two plots are
363 and 465, respectively. The vertical scale on the right, which
corresponds to epochs characterized by B, 4y, has been Inverted.

drift, where V n represents the radial gradient of galactic cosmic
rays.

This work is supported by National Science Foundation grant
DPP 79-23218.
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Correlative results from South Pole
Station, 1981

W. B. GAIL

Radioscience Laboratory
Stanford University

Stanford, California 94305

The importance of South Pole Station as a ground-based ob-
servatory for upper atmospheric and magnetospheric phe-
nomena has gained increasing recognition during the past

several years. While a few upper atmospheric experiments have
operated throughout the history of the station, the 1981 season
saw a concerted effort to expand the program to provide coordi-
nated observations with a variety of instruments.

The significance of South Pole Station lies in its location with
respect to the auroral oval. Because of the approximately 15-
degree offset of the dipole axis with respect to the geographic
axis, the station appears to rotate in a circle just inside the
average oval position. Since the oval delineates the boundary
between closed dipolar field lines and the long lines that trail
back from the polar cap into the magnetotail, South Pole Station
is a unique location from which to see effects occurring in both
regions and to observe the transition from one to the other.

The current emphasis of the program is on studies of the
dayside cusp, a funnel-shaped feature of the magnetosphere
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