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Helioseismology probes the interior conditions of the Sun
by measuring its global oscillations. The Sun oscillates at mil-
lions of slightly different frequencies centered around 3 mega-
hertz. Different oscillations sample different ranges of depth
and latitude and are also sensitive to rotation in varying ways.
This allows precise measurements of frequencies to be used
to learn about the interior structure and rotation as functions
of depth and latitude. The resulting information can be com-
pared with models of the Sun based on the theory of stellar
structure and evolution, one of the major foundations of our
current understanding of the Universe. Because the frequency
spectrum of solar oscillations is crowded, helioseismology ob-
servations must be made with good spatial and frequency res-
olution to help separate one oscillation mode from another.
The South Pole has been used as a site for helioseismology
observations since 1980 because of the opportunity to obtain
spectra with good resolution and exceptional freedom from
spurious frequency responses. In addition, the nearly constant
height of the Sun and the stable atmospheric conditions at the
South Pole allow one to obtain observations which are less
affected by noise produced by the Earth's atmosphere.

In December 1981, at a time of high solar activity, we made
measurements from the South Pole with the solar disk resolved
into about 50,000 spatial elements. One of the results of this
work was evidence for an aspherical structure of the solar
interior of unexpectedly large magnitude (Duvall, Harvey, and
Pomerantz 1986). Subsequent observations by other observers
did not show evidence for such a large asphericity. To deter-
mine whether this discrepancy was solar in origin or due to a

(Top) One of about 20,000 images of the Sun obtained once per
minute at the South Pole in November 1988. (Bottom) The difference
between two images taken 2 minutes apart. The light and dark
patches are intensity changes caused by thousands of different
modes of oscillations trapped within the Sun's interior. This is the
raw data for helioseismology.
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problem with our 1981 observations, we returned to the South
Pole in November 1987 (Jefferies et al. 1988a) to repeat the
experiment at a time of low solar activity. This 1987 campaign
was successful and a comparison of 1981 and 1987 results showed
that the observational method was sound and that the Sun
had changed its properties (Jefferies et al. 1988b) In particular,
we found a relatively large asphericity corresponding to a high
level of solar activity and a relatively low amount correspond-
ing to low activity. Evidentl y the interior properties of the Sun
are altered by the presence of magnetic fields or some other
effect which waxes and wanes with the solar magnetic cycle.
We have continued to analyze data obtained in 1987 and have
found no significant change in the properties of solar rotation
within the Sun between 1981 and 1987. As part of this work,
we have developed improved reduction programs which were
then used to reanalyze our 1981 data as well as the 1987 data
in exactly the same manner.

In 1988, we made observations with a new camera system
with twice the angular resolution. The equipment consisted of
a small telescope equipped with a 0.6-nanometer pass band
filter centered on 393 nanometers which formed a full disk
image of the Sun on a charged-coupled device (CCD) camera
of 512-by-512 pixels. The field team arrived at the South Pole
on the second flight of the season, 2 November, and after set
up and a wait for good weather, we started observing on 14
November. We operated the equipment for 329 hours until 30
November when we had used all our recording tape. During
this interval, we recorded 261 hours of high-quality data in-
cluding a period of 123 hours at a duty cycle of 92 percent. In
all, we obtained about 10 gigabytes of digital data which are
currently being reduced. An example of the observations is
shown in the figure. Among the goals of the 1988 campaign

is to further our study the change of solar asphericity as the
sunspot cycle rises to a high level of activity. Two different
predictions have been made of the 1988 asphericity magnitude
(Cough 1988; Kuhn 1989), and it will be interesting to see which
of these, if either, our observations match.

In addition to the authors, the field parties included D. Jak-
sha of National Solar Observatory in 1987 and R. Aikens of
Photometrics, Ltd., in 1988. Their assistance and that of the
South Pole support personnel was essential to the success of
this program. This work was supported in part by National
Science Foundation grant DPP 87-15791. The National Optical
Astronomy Observatories are operated by the Association of
Universities for Research in Astronomy, Inc., under contract
with the National Science Foundation.
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1989 REVIEW

Measurements of the doppler shifts and widths of upper
atmospheric emissions from the night sky at Amundsen-Scott
Station at 90°S have commenced during the austral winter of
1989. These measurements are dedicated to the study of the
neutral atmosphere circulation in the southern polar thermos-
phere and mesosphere.

The dynamics of the neutral thermosphere at high latitudes
are largely determined by the configuration of the ionospheric
electric field and the precipitation patterns which are associ-
ated with it. The present understanding of the high-latitude
neutral thermospheric temperature and wind structure has
been derived from ground-based data (McCormac and Smith
1984; Sica et al. 1986; also see the review by Hernandez and
Killeen 1989) and satellite measurements (Killeen et al. 1982;
McCormac et al. 1987). In the southern polar regions, ground-
based exploration of thermospheric dynamics is now in its
early stages (Stewart et al. 1985; Smith et al. 1988).

Currently, there are three Fabry-Perot spectrometers in Ant-
arctica, two of which are in continuous use. These are located
at Halley Bay (75°S) and at Amundsen-Scott Station (90°S). The
South Pole experiment reported here is at high geomagnetic
latitude (L 14) and is subject to the high-latitude driving
forces, while the instrument at Halley Bay is at comparatively
low geomagnetic latitude (L = 4) and, thus, is influenced by
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