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Figure 2. Microstructure of the cosmic ray spike as revealed in 10-
second data recorded at South Pole.
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A joint project between the University of Washington and
the University of Alaska, Fairbanks, has resulted in the de-
ployment of a high-resolution optical spectrometer at Amund-
sen-Scott South Pole Station. This instrument is an automatic
Fabry-Perot scanning spectrometer operating under the control
of a personal computer. Observations are made of the naturally
occurring emissions from the dark sky to determine both the
doppler broadening and shift of spectral lines emitted from

the upper atmosphere. These measurements are processed to
give determinations of the atmosphere kinetic temperature and
line-of-sight component of the wind averaged over the height
range of emission and the instrumental field of view. Polar
maps of wind vectors are derived from these determinations
under the assumption that the wind field has negligible struc-
ture on a scale of 100 kilometers or smaller. During 1989, the
program at South Pole centered on investigations of the ther-
mosphere at heights near 250 kilometers. For the present year,
1990, the instrument has been configured to measure winds
and temperatures in the mesosphere and lower thermosphere
in the altitude range of 85 to 130 kilometers.

The atmosphere has weather and climate at great heights as
well as in the more familiar troposphere and stratosphere. The
mesopause, the boundary between the somewhat turbulent
and well-mixed mesosphere and the more stably layered and
diffusively differentiated thermosphere, is a region where winds
and temperatures have large fluctuations on a scale of minutes
to a few hours about a diurnal mean. These fluctuations are
related to forcings from below and above the region of interest,
such as wave and tidal activity propagating upward from the
troposphere and stratosphere and, possibly, to local auroral
heating which occurs above it. There is evidence of substantial
power dissipated in the mesosphere, at all latitudes, by wave
absorption due to processes in which the wave becomes un-
stable and degenerates into turbulence which is damped by
viscosity. mesosphere and lower thermosphere observations
by the high-resolution spectrometer at Amundsen-Scott station
are directed at learning more about the fluctuations in the
weather and climate of the mesosphere and lower thermos-
phere in the austral polar region.

The experiment is capable of measuring two different wave-
lengths simultaneously. For the present mesosphere and lower
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thermosphere investigation, the instrument is fitted with filters
at 11902 K (840 nanometer; k = Kayser = per centimeter) and
17924 K (558 nanometer) which isolate the P 1 (2) doublet in the
6-2 band of hydroxyl ion (OH) and the familiar "green line"
of oxygen, respectively. In the OH measurements, the obser-
vation is of emission generated by a photochemical mechanism
not affected by the aurora; the winds and temperatures are
related to the behavior of a thin emitting layer near 87 kilo-
meters, which is normally just below the mesosphere tem-
perature minimum. The green line may be excited by the aurora
as well as photochemically. The altitude range of emission of
this line under auroral excitation depends upon the spectrum
of precipitating electrons associated with the aurora. Typically,
the photochemically excited emission from this line, at a height
near 97 kilometers, is weak compared to the aurora. Aurorally
generated emission typically peaks below 130-kilometer alti-
tude, but the precise height is unknown in the absence of
information on the auroral precipitating particle spectrum. This
information is usually obtained by from either in situ rocket or
satellite overflight particle data. Nevertheless, under strong
auroral conditions, the green line temperatures and winds rep-
resent atmospheric dynamics above the mesopause and the
OH data relates to a region just below. In conditions when
aurora is absent or very weak, the height separation between
the observations reduces to about 10 kilometers.
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The instrument at Amundsen-Scott Station began mesos-
phere and lower thermosphere observations during early April
1990 and has supplied data for several days when the sky was
clear. Samples of winds observed using the OH 11902 K emis-
sion, at a height of about 87 kilometers are shown in figure 1.
There is a long-term variation similar to a 12-hour tide under-
lying the expected fluctuations. A different wind pattern is
seen for the atomic oxygen 17924 K green line data on the same
day, shown in figure 2, indicating the change of regime above
the mesopause. A strong resemblance to the ionospheric con-
vection-driven wind pattern of the upper thermosphere is to
be noted here. This can be seen in the figure as strong anti-
Sunward wind near magnetic midnight.

Coupling between the aurorally related convection of ions
in the E-region of the ionosphere and the surrounding neutral
atmosphere excites winds which superimpose on the (ex-
pected) tidal behavior. Simulations by general circulation mod-
els indicate that two large scale Sun-synchronous vortices are
expected. The first is found in the evening sector and has a
high temperature in its center, while the second vortex occurs
in the morning sector with a lower center temperature. This
vortex pattern is centered near the south magnetic pole, some
15° in latitude away from the south geographic pole. As the
observatory rotates under the pattern, a diurnal pattern of
temperature is expected, with its corresponding variation in
the wind. This can be discerned in figure 2.
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Figure 1. Measurement of the dynamical state of the mesosphere
for 4 June 1990 universal time, using the hydroxyl ion (OH) 11902
K (840-nanometer) radiation as a tracer, taken from Amundsen-
Scott Station. 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 and
time. The break between days is made at 16 hours magnetic local
time. (m/s denotes meters per second.)

FOR

Figure 2. Measurement of the dynamical state of the lower ther-
mosphere for 4 June 1990 universal time, using the atomic oxygen
17924 K (558-nanometer) radiation as a tracer, taken from Amund-
sen-Scott Station. Same format as figure 1. (m/s denotes meters
per second.)
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