
the precipitating electrons (0.1-10 kiloelectronvolt energy
range). The keograms show that cusp precipitation is almost
always characterized by electron energies of order of 100 elec-
tronvolts, even during strong magnetic activity. However, more
energetic precipitation superimposes sporadically, and we plan
to investigate the conditions under which these events occur.
Examples of these data are not shown here because color plates
cannot be printed in this publication.

The color camera will continue to operate through the 1982
austral winter and will provide essential data on the cusp aurora
for coordinated experiments planned with other investigators
who have recently installed equipment in the new Cusp Labo-
ratory at South Pole Station. The new instruments include
riometers, magnetometers, an ionosonde, very-low-frequency

and micropulsations equipment, and an image-intensified
monochromatic all-sky camera. This comprehensive set of in-
struments should lead to valuable correlative studies over the
next few years.

This research was supported by National Science Foundation
grant DPP 78-23513.
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The unique advantages of conducting certain types of solar
observations at the geographic South Pole have become widely
recognized. During the 1981-82 austral summer, two projects
were successfully completed.

First, development of the tower telescope facility (Pomerantz,
Wyller, and Kusoffsky 1981) in preparation for studies of the
chromospheric network was brought to a satisfactory con-
clusion by the Bartol group. Modifications of the computer
control system and of the optics following the focal plane were
made on the basis of the experience gained during the initial
testing period immediately following construction in 1980-81.
Figure 1 is a photograph of a field 3.8 centimeters in diameter
selected from the 20-centimeter solar image. The resolution of
roughly 1.5 seconds of arc may well be limited by the primary
glass optics, which have a long history of prior use at the Capri
Solar Observatory of the Swedish Royal Academy of Sciences. It
is noteworthy, however, that all the glass components, as well as
the drive motors and gear trains, survived the 1981 winter in situ
at the remote Polar Solar Observatory site. This proved that an

early start immediately following station opening, in order to
capitalize on the optimal atmospheric conditions that prevail
then, is feasible, and this will be attempted in future years.

The objective of the second project, a collaborative undertak-
ing of the Bartol Research Foundation, the Kitt Peak National
Observatory, and the National Aeronautics and Space Admin-
istration, was to obtain spatially resolved observations of global
solar oscillations to complement and extend the exceedingly
successful earlier full-disc studies (Pomerantz, Grec, and Fossat
1980). The aim was to define the characteristics of the spectrum
of solar acoustic modes that have periods of around 5 minutes,
representing spherical harmonics of degree ranging from 0 to

Figure 1. Photograph taken through a hydrogen-alpha filter (6,563
angstroms) with the 9-meter tower telescope at South Pole. The
Image represents roughly 1/28th of the Sun's total area.
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100. These oscillations, which probe the depth variation of solar
structure and rotation, are crucial for solar seismology but are
exceedingly difficult to observe from low-latitude observatories.

The technique involved recording images of the Sun formed
by the small telescope that was especially designed for and used
in the earlier work with a high-precision digital camera. The
images consisted of 244 by 192 picture elements; the intensity at
each element was recorded with a precision of the order of 1 part
per 10,000 every 90 seconds. A narrow-band optical filter iso-
lated the solar atmosphere temperature minimum where the
oscillations exhibited a maximum signal:noise ratio.

Poor weather following the rather late start of observing,
upon completion of set up at the remote site (figure 2), was a

Figure 2. The apparatus used for spatially resolved observations of
global solar oscillations. The moving fiat mirror (heliostat) on top of
the small telescope sends sunlight vertically down through a lens
and other optics. The final image of the sun is formed on a two-
dimensional, diode-array camera at the rear of the insulated experi-
ment package. At the back of the camera, a fan blows air across
black fins that are part of a cooler (despite the ambient temperature
of - 30°C!) used to increase the sensitivity of the diode array
detector.

Figure 3. An image of the Sun recorded with the experiment package
shown in figure 2. Each picture element is about 10 arc seconds on a
side. The image was filtered to Isolate a cool part of the upper solar
atmosphere. This is one of approximately 6,600 images recorded on
magnetic tape during our observations.

limiting factor this year, and our hoped-for 5-day continuous
run did not materialize. However, four sequences totaling, 6,681
images (figure 3) were recorded. The time-consuming, detailed
data analysis is under way and has already confirmed previous
observations of low-degree spherical harmonic oscillations of
the Sun. Our observations show that the envelope of the ampli-
tude distribution is shifted to higher frequencies than in the
previous measurements. This effect is a consequence of the
finite response time of the solar atmospheric temperature to
velocity perturbations, and further study should provide new
information about the thermodynamic properties of the tem-
perature minimum region-of the Sun. Analysis of oscillations
with degree between 2 and 100 remains to be completed.

in addition to the authors, R. C. Pfeiffer, C. H. Tsao, John
Dalton, and Dick Aikens participated in the fieldwork. This
work is supported by National Science Foundation grant DPP
78-22267. Kitt Peak National Observatory is operated by AURA,
Inc., for the National Science Foundation.
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