
A 3-meter residual, if ionospheric in origin, would re-
quire a difference of 1 TECU between the two paths. This
could arise in the polar regions if the line of sight was
nearing the edge of a current sheet or some other large-
scale perturbation. Large-scale current systems have
been reported by Potemra based on TRIAD data.

In 1979, with the increase in solar activity, data from
the Thule station became much noisier. During the time
period covered by figure 2, the McMurdo and Thule
distributions are identical. This indicates that there is
very little difference in the polar region ionospheric tur-
bulence at both poles during high solar activity, despite
seasonal differences. The distributions of data from all
stations moved toward higher values in 1979. The data
from the South Pole and College (Alaska) is considerably
less noisy than comparable data gathered at Thule and
McMurdo. South Pole Station sees mainly the polar cap
region, which is believed to be less turbulent. In addi-
tion, there is a different type of receiver at South Pole
Station, which may account for some difference.

These results can give only qualitative information
about polar ionospheric turbulence. To obtain quanti-
tative data on the ionospheric perturbations, the equip-
ment at McMurdo Station has been modified to allow a
direct recording of the rates of change of the columnar

electron content along the line of sight. The resolution
should be 0.02 TECU per second (2 x lOb el/cm3/sec).
These data are expected to show the detailed structure
of the current systems observed by TRIAD and the mor-
phology of the turbulence with scale sizes greater than
1 kilometer. Data recorded simultaneously at both
McMurdo and South Pole stations will be analyzed to
further localize the disturbances. In April 1979, inten-
sive data acquisition was performed using this equip-
ment with up to four simultaneous passes per day being
recorded at South Pole and McMurdo stations. These
data will be compared with data taken at a station at the
North Pole during the same month by a Canadian team
under D. Wells (Bedford Institute of Oceanography).
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Cosmic ray intensity variations
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Cosmic ray detectors located at McMurdo and
Amundsen-Scott (South Pole) stations provide a sensitive
online system for monitoring the dynamic state of in-
terplanetary "weather." Solar control over the electro-
magnetic conditions in the interplanetary medium cov-
ers an extensive range in both the spatial scale (about
100 astronomical units) and the temporal scale (minutes
to 22 years).

The cosmic ray observations have revealed that the
interplanetary plasma and field configurations are not
invariant from one solar cycle to the next. For example,
the cosmic ray intensity from 1972 onward has shown
a puzzling characteristic unlike those observed-in earlier
solar cycles.

Studies of short-term modulations during the past
year have led to the discovery of two new phenomena.
We have found that, on some occasions, short-duration

(a few hours), rapid-intensity increases (pulses) may be
observed in one polar cap, but not in the other. For
example, figure 1 shows that, during 19-20 July 1978,
a large pulse of approximately 8 hours duration was
recorded at both antarctic stations, whereas it was absent
from the Thule nucleonic intensity data. A detailed anal-
ysis of this event has revealed that the pulse represents
an anisotropy in three dimensional space.

A new method for studying the nature of this aniso-
tropy has been developed. Pulses of this type can be
described by the following equation (figure 2):

() 
=

where 	pulse height at station i, pj is cosine of

angle between viewing direction of station and direction
of anisotropy, a and k constants for duration of pulse.

During this pulse event, the enhanced intensity was
maximum from the direction 60°S 20°W. Further inves-
tigation has revealed that this class of pulses often ap-
pears during enhanced diurnal variation epochs.

In contrast to the short-period pulses, we have found
that quasi-periodic variations related to the time of a
single. solar rotation (27 days) may occur during cosmic
ray storms. This phenomenon is evident in figure 3. We
find that these waves are manifestations of neither
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Figure 1. Hourly averages at South Pole and McMurdo sta-
tions and Thule (Greenland). Excess peak intensity at South
Pole over McMurdo is greater than is generally the case dur-

ing cosmic ray storms.
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Figure 2. Normalized pulse Intensity at various stations
plotted as function of eTM ' ( ii = cosine of angle between di-

rection of viewing and direction of anisotropy).

north-south asymmetry nor longitudinal anisotropy. We
are investigating their relationship to features of solar
activity integrated over the total visible disk of the sun.

In anticipation of a new program of direct optical ob-
servations of the sun, a special solar telescope designed
and constructed by the Bartol Research Foundation was
subjected to initial field trails at South Pole Station. A
group consisting of the principal investigator, a Swedish
astronomer from the Royal Swedish Academy of Science
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Figure 3. Daily mean nucleonic intensity during abnormal
cosmic ray storm that followed solar particle event (positive
spike) on 23 September 1978. This long-duration storm
shows unusual modulations in form of large amplitude pe-
riodic waves; time (26-27 days) between alternate wave

peaks corresponds to solar rotation period.

Figure 4. Photograph of sun, in the light of hydrogen-alpha,
taken 18 January 1979, during first continuous 24-hour solar
petrol ever conducted. Bright regions are centers of solar
activity; dark regions are upward moving prominences (Mar-
tin A. Pomerantz, Bartol Research Foundation, and Ulf Ku-

soffsky, Stockholm Observatory, Sweden).

Solar Observatory, and the Bartol McMurdo Station and
South Pole Station winterover personnel conducted sub-
stantive experiments during January 1979. These re-
vealed that: the guiding mechanism functioned per-
fectly; techniques for transporting and exposing delicate
optical components to the harsh environment were suc-
cessful; excellent photographic quality was achieved with
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the high resolution H-a filter system provided by our
Swedish collaborators (see figure 4); the first continuous
24-hour flare patrol ever carried out was successfully
completed; the actual seeing conditions significantly sur-
passed expectations based upon historical records; and
it is feasible to attempt to carry out a sophisticated ex-

periment designed to detect global solar oscillations un-
der conditions that eliminate the kinds of fundamental
problems that arise when such experiments are at-
tempted elsewhere.

This research has been supported by National Science
Foundation grant DPP 76-23429.

High-latitude ionospheric
absorption
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Riometers have been operated continuously at the
South Pole throughout the year as part of a cooperative
program between the National Oceanic and Atmos-
pheric Administration (N0AA) and the University of Cal-
ifornia at San Diego. Our absorption measurements re-
late to the precipitation of charged particles into the
ionosphere above Amundsen-Scott (South Pole) Station
and are important in understanding the characteristics
of communications difficulties at high latitudes caused
by this process.

The South Pole is uniquely suited for this work be-
cause it combines the advantages of an excellent geo-
magnetic location for detecting particle precipitation,
together with an unvarying cosmic radio noise back-
ground. For three years now, we have gathered records
of excellent quality. These allow an analysis of a class of
absorption events—spike events—that are the prelude

to a magnetic substorm.
Using riometers on two different frequencies (30

megahertz and 51.4 megahertz), we have found that the
spike events begin with the precipitation of very ener-
getic particles that are spatially confined to about 10
kilometers in width. Within a minute or so, the spectrum
softens and the precipitation pattern becomes wide-
spread across the antenna aperture. These results lead
to a more accurate description of the precipitation pro-
cess from the magnetosphere.

We are continuing this work and expanding its scope
to include a study of the interrelation of ground-level
cosmic ray events and radio wave absorption.

In cooperation with other research groups, we have
continued absorption studies using the riometer tech-
nique at Siple, McMurdo (Arrival Heights), and Vostok
stations. Both the McMurdo and Vostok installations are
sensitive to the solar proton flux that strikes the polar
caps following solar storms and cause the major failures
in radio communication circuits at high latitudes.

This work has been supported by National Science
Foundation grant DPP 76-80556. We gratefully ac-
knowledge the cooperation of personnel from Stanford
University, the New Zealand Department of Scientific
and Industrial Research, Vostok Station, and NOAA.
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