
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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Figure 1. South Pole Station chart record showing substorm activity. Three possible onsets are seen, with correlation of hiss cutoff, riometer
absorption, and micropuisatlons onset evident. REL.AMP. = relative amplitude; V/m = microvolts per meter.

formed at the conjunction of the swept-back polar cap field lines
and the closed dayside lines. Satellite studies (Frank and Acker-
son 1971; Heikkila and Winningham 1971) have shown that the
cusp is a region where solar wind plasma can penetrate directly
into the magnetosphere and reach low altitudes. Under average
oval conditions, South Pole Station rotates beneath the cusp at
geomagnetic noon each day, making it one of the few locations
in the world where routine ground observations of this region
can be made.

During 1981, narrowband very-low-frequency (VLF), riometer,
and micropulsations channels were recorded simultaneously
on an 8-channel Sanborn chart recorder to provide a correlative
data format. The remainder of this article discusses three exam-
ples of correlated phenomena seen at South Pole Station during
this period.

Figure lisa portion of the chart record for 20-21 May showing
a substorm event. The substorm is a poorly understood process

in which large amounts of energy are released suddenly from
the tail of the magnetosphere and shower down as particles into
the ionosphere in the auroral oval. In figure 1, three instances of
possible substorm onset are visible. In each instance, a broad-
band VLF hiss terminates in conjunction with the onset of strong
micropulsations. In the latter two events, micropulsations onset
and hiss cutoff also correspond to the beginning of cosmic noise
absorption. These events indicate a close link between the pro-
cess that produces VLF hiss, micropulsations, and the particle
precipitation responsible for cosmic noise absorption.

Figure 2 shows an excerpt from 4 April in which a strong lull
in VLF noise level corresponds closely to a similar feature in the
micropulsations. Measurement reveals that the impulsive
changes at both ends of the micropulsations trail their VLF coun-
terparts by about 75 seconds. Similar results were obtained for a
number of other events in which impulsive micropulsations
and VLF occurred together. Given these delay periods, it is
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Figure 2. Chart record showing a lull in very-low-frequency (VLF) activity simultaneous with similar activity in micropulsations. REL.AMP. =
relative amplitude; V/m = microvolts per meter. (NWC indicates the signal from a transmitter In Australia and Is irrelevant to this article.)

possible to analyze comparative travel times and determine
possible source regions for this activity. Data such as these
provide a good probe for analysis of field line structure and
identification of interaction regions between waves and
particles.

Figure 3 (page 228) shows a series of 6 days for which the low
VLF channels indicate a distinctive lull in the midst of normal
dayside activity. This feature was discovered during efforts to
locate a signature of cusp passage in parallel with work being
done with riometer data. No evidence has yet been found to
link the lull with the cusp, but the temporal location (geomagne-
tic noon is 1530 universal time at South Pole) makes the associa-
tion with transit through the auroral oval a significant pos-
sibility. Work is currently being done to match this signature
with similar features in nometer and photometer data.

The ability to do correlative work is an essential requirement
in the study of upper atmospheric phenomena at South Pole

1982 REVIEW

Station. The multiplicity of correlations seen in the 1981 data
underlines the complex nature of the the physical phenomena
being observed and emphasizes the importance of continued
cooperation among the various researchers.

This work was supported by National Science Foundation
grant DPP 79-23171.
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Geometry of the open region and
South Pole Station

S.-I. AKASOFU

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Magnetospheric field lines are of two types. "Closed" field
lines connect a pair of the geomagnetic conjugate points across
the geomagnetic equator. "Open" field lines are interconnected
with solar wind (or interplanetary) magnetic field lines across
the magnetopause. Open field lines "originate" from a limited
region in the polar region called the "open region." It is gener-
ally thought that the auroral oval approximately delineates the
boundary of the open region.

It has long been thought that the open region has a simple
quasi-circular geometry. This is indeed the case on the average,
and, in particular, when the interplanetary magnetic field (IMF)

has an appreciable southward component; in this instance the
auroral oval has the well-known geometry. However, on the
basis of a magnetospheric model, Akasofu, Covey, and Meng
(1981) found that the geometry of the open region can vary
considerably as the iiff changes its orientation, in particular
when the IMF has an appreciable northward component. Fur-

Figure 1. The geometry of the open region constructed on the basis
of a magnetospherlc model by superposing a uniform Interplane-
tary magnetic field (IMF)of magnftlde B = 5'y and two sets of azimuth
angles 

(4) and latitude angles (0):4' = 00,0 = —90°(dots), and d =
—90°, 0 = 60° (open squares).
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