
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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high-latitude driving forces only at moderate to high levels of
geomagnetic disturbance.

Because of the greater degree of offset between the geo-
graphic and geomagnetic coordinates in the Southern Hemi-
sphere (15°, as opposed to 9° in the Northern Hemisphere),
the dual influences of extreme ultraviolet and solar wind par-
ticle effects have a different interplay in the two hemispheres.
This distinction has been recognized in the simulations made
with the National Center for Atmospheric Research's ther-
mospheric global circulation model by Roble et al. (1984). Ex-
perimental evidence and theory indicate that the behavior of
the neutral thermosphere in the high-latitude F-region de-
pends very strongly on the ionospheric densities and on the
magnetospheric convection pattern. Although the coupling be-
tween ions and neutrals is often weak in some parts of the
auroral zone and polar cap regions, there are strong sources
of momentum within the dusk cell circulation pattern that
serve to provide the continual input required to maintain cel-
lular circulation. These sources are located at the cusp region
and in the equatorward fringe of the convection boundary.
The dawn cell is less well coupled at auroral latitudes, and
although it passes through the cusp and cleft, it is usually
weaker than its evening counterpart. The result of this close-
coupled behavior is that the neutral wind circulation bears a
temporally and spatially averaged imprint of the ion convec-
tion pattern. The effects of other sources and sinks of mo-
mentum are comparable or smaller in the polar cap. In general,
one may use the high-latitude thermospheric circulation as a
measure of the average pattern of ionospheric convection.

Substantial asymmetries also exist in the polar cap winds
because of the modulating effect caused by the rotation of the
ionosphere about the south rotation pole and the correspond-
ing changes in solar illumination. Cross polar winds are nor-
mally stronger at times of lower solar zenith angles, since
ionospheric densities are higher at the cusp and are maintained
by the cross-polar convection of flux tubes. This modulation
is expected to be more pronounced in the southern polar cap
because of the greater offset of the geomagnetic and geographic
poles. The Joule and frictional heating in the cusp and polar
cap can frequently be the major source of heating for individual
atmospheric parcels (St. Maurice and Hanson 1982).

Since at least one very-high-latitude southern ground-based
station is required to complement the stations elsewhere on
the globe, it is a fortunate coincidence that Amundsen-Scott
Station, at the South Pole, is also one of the prime southern
research sites and the location where our high-resolution op-
tical spectrometer has been installed during the 1988-1989 aus-
tral summer. This spectrometer has been in operation since its
deployment, and accumulation of data began in early April
when the Sun was sufficiently far below the horizon.

The South Pole Station normally samples the cusp region
continuously for approximately 1 hour per day. It provides
uninterrupted dark-noon conditions for 3 months in the winter
season, thereby permitting optical doppler measurements of
neutral and ion motions in the F-region to be made in the cusp
and cleft.

The instrument chosen for the investigation of the global
circulation is a multiple-beam optical spectrometer with suf -
ficient resolving power to determine the small doppler shifts
and widths of selected emissions from the upper atmosphere.
The particular self-aligning instrumental configuration used at
Amundsen-Scott has been described by Hernandez and Mills
(1973), and it has been hardened to operate at the remote site.
The experiment is autonomously controlled by a minicomputer

which, besides operating the optical section, records the mea-
surements and other necessary housekeeping data to maintain
the integrity of the measurements. Samples of data obtained
at the South Pole have been sent to the home institutions by
satellite to validate the measurements and general operation
of the experiment. For completeness, the instrument sequen-
tially observes the sky at eight (evenly spaced) locations about
the compass rose at 30° elevation above the horizon. South is
reckoned to be the direction of the southern geomagnetic pole.
This pattern is repeated throughout the observing day to es-
tablish the motions and temperature of the observed regions.
A given position of the sky requires about 4 minutes of mea-
surement to obtain a signal-to-noise ratio sufficient to deter-
mine upper thermosphere temperatures and winds with
uncertainties of about 35 kelvin and 20 meters per second,
respectively.

Figure 1 shows the reduced measurements for 23 April 1989
universal time. The upper panels show the kinetic temperature
for the four cardinal points, and the letters indicate the direc-
tion of observation. The middle panel shows the winds in
meteorological convention (positive toward the North Pole,
eastward and upward), and the bottom panel indicates the
(relative) emission rate of the sky emission being observed.
These measurements are obtained from the naturally occurring
tracer emission of 01 630 nanometers in the thermosphere.
The analyzed mass motions, or winds, for all the observed
directions are given in figure 2 in vector fashion. Figure 3
shows both measured winds at Amundsen-Scott and the Na-
tional Center for Atmospheric Research thermospheric ionos-
pheric global circulation model-simulated winds for the same
day plotted on a geomagnetic polar diagram. The dashed ar-
rows show the simulation results while the solid arrows show
the measured vectors with their tails fixed to circles which
describe the locus of the measuring station relative to the geo-
magnetic South Pole.

Referring to figure 3, the reader can discern the effects of
the twin-cell circulation pattern, referred to earlier, with turn-
over points at 20 magnetic local time (24 universal time) for
the dusk cell. The dawn cell is not as clearly defined, although
a turn-over point can be seen at near 07 magnetic local time
(11 universal time). In general, the large-scale characteristics
of the simulations are consistent with the measurements in
that there is a strong anti-sunward flow. Another simulation
calculation, with the appropriate parameters for the particular
day of the measurements, will be needed for further compar-
isons with the experimental data.

This work was supported in part by National Science Foun -
dation grants DPP 86-15099 and DPP 88-14563. The spectrom -
eter was operated by John Cress of Amundsen-Scott Station.
We thank R.G. Roble for making available the results of his
simulation.
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Figure 1. Measurements of the dynamic and thermodynamic state of the upper thermosphere for 23 April 1989 universal time, using the
15,867K (630 nanometers) radiation as a tracer, taken from Amundsen-Scott Station. The letters indicate the direction of observation in
geomagnetic coordinates at 300 elevation above the horizon. The meteorological convention of positive winds toward the North Pole and
eastward is used here. Magnetic midnight occurs at about 4 universal time. The emission rate scale is in arbitrary units.
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Figure 2. Vector representation of the wind data taken 23 April 1989
universal time at Amundsen-Scott Station. After harmonic decom-
position, the vectors have been calculated for overhead (75°S mag-
netic) and for points 350 away on the magnetic meridian. The velocity
scale is indicated by the arrow on the right side. (MLT denotes
magnetic local time.)
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Figure 3. Overhead map view of the measurements from the South
Pole with the geomagnetic South Pole as the axis. The observations
are indicated by the solid arrows, which are vectors with their tails
fixed to circles which describe the locus of the measuring station
in geomagnetic coordinates. The measurements are superimposed
on a thermospheric ionospheric global circulation model simula-
tion (dashed arrows). (Simulation courtesy of R.G. Roble, National
Center for Atmospheric Research.) (SPO denotes South Pole Ob-
servatory.)
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