
in the early Universe (1 month to 100,000 years after the Big
Bang) to less than 1 percent of the energy in the cosmic back-
ground radiation. This, in turn, limits various models of galaxy
formation and clustering, as well as more exotic possibilities
such as primeval turbulence, primordial particle decay, or the
existence of large amounts of antimatter (Smoot et al. 1985;
Mather and Smoot 1990).

Our longest-wavelength measurements search for traces of
the intergalactic medium that should be left over from galaxy
formation. If it existed and were hot (millions of degrees), it
could account for the observed diffuse X-ray background. A
hot intergalactic medium, though, would distort the cosmic
background radiation at short wavelengths, a possibility ruled
out by the COBE satellite data. The intergalactic medium must
either be warm to cool, or there must be very little left after
galaxy formation. A warm or cool intergalactic medium can
distort the cosmic background radiation spectrum at very long
wavelengths, so our measurements will help resolve this prob-
lem.

We plan to make additional measurement of the long-wave-
length spectrum of the cosmic background radiation, both with
the radiometers used in 1989 and with new instruments, to
confirm the results obtained so far, to reduce the errors, and
to improve the wavelength coverage. Twenty-five years have
passed since the discovery of the cosmic background radiation,
and the search for spectral distortions is on. The field is still
developing and continues to be an exciting and fundamental
area of research for cosmologists and astrophysicists.

This project was supported by National Science Foundation
grant DPP 87-16548, by the U.S. Department of Energy, contract
DEACO376SF00098, and by ENEA-CNR, Progetto Nazionale
Antartide.
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The first optical determination of temperatures and winds,
derived from high-resolution measurements of oxygen atmos-
pheric bands, in the austral polar upper atmosphere is pre-
sented here. The temperatures obtained appear to indicate con-
tamination of the photochemically produced layer emission of
the atmospheric bands by auroral excitation. These variations
are simultaneously observed with atomic oxygen emission at
5577 angstroms, which is used as an indicator of auroral activ-
ity. These measurements illustrate the capabilities of this
method to obtain upper atmospheric kinetic temperatures and
winds from molecular species.

The oxygen atmospheric bands are known to be present in
the airgiow and to be enhanced under auroral conditions. The
airglow emission comes from a narrow height range centered
at about 92 kilometers. It is the result of oxygen photochemical
reactions in which the net result is the recombination of atoms
to molecules. The intensity of the green emission from atomic
oxygen at 5577 angstroms covaries (Rees 1989, pp. 146-156)
with the atmospheric bands in the airglow, but its altitude of
peak emission is higher at about 97 kilometers.

The band contains spectral information that can be used to
determine the wind and temperature at the height of emission.
It is normally assumed that the molecule is in rotational equi-
librium with the ambient gas; thus, the rotational temperature
is equal to the local temperature. It is also assumed that the
velocity distribution of emitting molecules is in statistical equi-
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librium with the ambient gas; hence, the doppler width and
doppler shift contain information on the kinetic temperature
and wind, respectively. In this paper, we present determina-
tions of the kinetic temperature and the wind from high-reso-
lution observations at Amundsen-Scott Station from the 0-1
band at 8660 angstroms.

The rotational temperature of the 0-1 atmospheric band in
the airglow has been found to be close to that for the oxygen-
hydrogen Meinel bands at 86 kilometers (Viereck and Deehr
1989), and it is also expected to be close to the kinetic temper-
ature of the 5577-angstrom atomic oxygen airgiow emission
since the average temperature profile varies slowly with height
in the altitude range 80-100 kilometers (CIRA86 1988). In the
absence of strong wind shears, the average winds measured by
high-resolution spectroscopy of these three emissions would
be expected to be similar. Further, occasions may be found
when the upward propagation of a large monochromatic wave
or a tide appears at each height with an observable phase
change. In this paper, only the molecular oxygen atmospheric
bands and the atomic oxygen green line are considered.

Auroral emission is present in diffuse and discrete forms for
a large proportion of the time at Amundsend-Scott Station.
Aurorally excited 5577-and 8660-angstrom emissions occur.
Their presence complicates the interpretation of temperature
and wind measurements mentioned above. Particle precipita-
tion can excite oxygen atoms directly to both the singlet-S and
singlet-D states. Radiative relaxation from the singlet-S state
generates 5577-angstrom photons at altitudes, typically be-
tween 95 and 150 kilometers, leaving the oxygen atom in the
singlet-D state. Below 200 kilometers, the highly metastable
singlet-D oxygen atom is more likely to decay to the ground
state by collision than by radiation. One possible quenching
reaction is excitation transfer from the singlet-D state of atomic
oxygen to an oxygen molecule which is excited above the sec-
ond vibrational level, resulting in the subsequent emission of
8660-angstrom light (Valiance Jones and Gattinger 1973, pp.
232-240). Accordingly the auroral stimulation of both the 5577-
and 8660-angstrom emissions depends on electron impact on
atomic oxygen, although the latter also depends upon the avail-
ability of vibrationally excited oxygen molecules. Since vibra-
tional excitation is commonly known to occur as part of the
final stage of energy degradation of precipitating electrons in
aurora, there is good reason to expect that a large enough
proportion of electronic ground-state oxygen molecules will be
vibrationally excited above the second level. Thus, a simplified
argument leads to the conclusion that the height range of both
emissions in the aurora should be comparable; therefore, de-
rived winds and temperatures should be grossly similar. If,
however, if the electron precipitation is very soft so as to favor
the excitation of singlet-D atoms, little 5577-angstrom excitation
would occur, but 8660-angstrom emission would be generated
in the F-region resulting in higher temperatures, possibly over
1,000 K, being found because of the strong contribution of the
high altitude, high temperature, emission in the light blending
together along the line of sight of the instrument.

This paper presents temperatures and winds derived from
high resolution observations at Amundsen-Scott Station of the
two emissions, 8660 angstroms and 5577 angstroms. The data
show that two conditions occur where the interpretation of the
assumed blending of light along the line of sight is relatively
simple, one where the averaging gives similar temperatures in
both, the other where the 8660-angstrom temperatures are
more characteristic of the upper thermosphere, that is, F-region
above 200 kilometers.

Since January 1989, through a joint project between the Uni-
versity of Alaska and the University Washington, a high-reso-
lution, servo-controlled two-channel Fabry-Perot spectrometer
has been in operation during the period of darkness at South
Pole Station. Much of this time has been used to study the
accepted tracers of winds and temperatures in the upper and
lower thermosphere, namely the atomic oxygen emissions at
6300 and 5577 angstroms, respectively. During part of April
1991, spectra of a 2-angstrom region of the 0-1 band of the
oxygen atmospheric system were obtained at 8660 angstroms
in one channel. Simultaneously, in the other channel, spectra
of 5577-angstrom line from atomic oxygen were obtained. Us-
ing a periscope to select light from the sky, measurements were
made in the four cardinal and four intra-cardinal points and
also in the zenith. For these data, the average exposure time
for a spectrum was 30 minutes. These data were processed to
give winds and temperatures averaged over the emission layer.

Figure 1 shows the temperature and relative emission rate
data for 21 April 1991 for both emissions. To display the emis-
sion rate data showing principally temporal changes, the values
have been presented as a running average over all directions of
view. For the period from midnight to 1500 universal time,
temperatures differ by varying amounts in the range 0-100 K
with a mean temperature which rises from about 250 K to 350
K. Later than 1500 universal time, the kinetic temperature of
the atmospheric bands rises several hundreds of degrees above
that determined from the green line. The curve of emission
rate of the 8660-angstrom emission is enhanced by aurora dur-
ing this period.

Figure 2 is a plot of the meridional (southward positive) and
zonal (eastward positive) horizontal components of the line-of-
sight wind determined from the motions measured from two
species for 22 April 1991. The velocity ranges found for each are
similar, with variations from zero to 60 meters per second.
There is an indication in the earlier part of the day that a time
delay over about 2 hours exists between the variations in wind
in the meridional components and a suggestion that the dom-
inant oscillation is a diurnal tide.

Temperatures and Emission Rates for 21 April 1991

Derived from 55774 and 8660A

Figure 1. Temperatures and averaged relative emission rates above
Amundsen-Scott Station on 21 April 1991, derived from observa-
tions of the 5577-angstrom emission from atomic oxygen and
8660-angstrom region from the oxygen 0-1 atmospheric band. (A
denotes angstrom. UT denotes universal time. E denotes emis-
sion.)

Legend
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* Temp error

o Teirp 55774

o E rate 8660A
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Figure 2. Plot of the meridonal (southward positive) and zonal (eastward positive) horizontal components of the line-of-sight wind deter-
mined from the motions measured from two species of 22 April 1991. The velocity ranges found for each are similar, with variations from
0 to 60 meters per second (m/s). There is an indication in the earlier part of the day that a time delay over about 2 hours exists between
the variations in wind in the meridional components and a suggestion that the dominant oscillation is a diurnal tide. (UT denotes universal
time.)

Although there have been several reported observations of
the rotational temperature of the oxygen atmospheric bands,
this is the first report of a simultaneous study of the kinetic
temperatures and winds from both molecular and atomic emis-
sions determined by measurements at high resolution.

The temperature results in the period from midnight to 1500
universal time are consistent with the contention that the
height ranges of emission are similar. This being so, consider-
ation of the temperature values would suggest that a significant
proportion of the emission must be in the upper mesosphere
region where the temperature is typically close to 200 K. Cur-
rent understanding (Rees 1989) of the atmospheric bands
suggests that there are two major sources of excitation: one
photochemical which occurs predominantly in the upper meso-
sphere and the other related to the excitation of singlet-D oxy-
gen and its collisional transfer to vibrationally excited molecular
oxygen in the lower thermosphere. The latter mechanism is
expected to maximize where the combination of falling molec-
ular collision rate with altitude is balanced by the rising avail-
ability of singlet-D oxygen excited by the aurora and by cascade
from the singlet-S state. As mentioned earlier, the height of
maximum emission of the atmospheric bands in the aurora
could rise to the upper thermosphere when the incoming elec-
tron flux is very soft. Temperatures in the upper thermosphere
are expected to be in the vicinity of 1,000 K (CIRA86); hence
when the observed blended temperature approaches 1,000 K,

a strong upper thermosphere source is expected to
be present. Otherwise, for temperatures in the region of 200-
400 K, photochemical mechanisms in the upper mesosphere
and lower thermosphere predominate.

For the period from 1500 universal time onwards, where the
atmospheric band kinetic temperature rises several hundred
degrees above that found from 5577 angstroms, the mechanism
of excitation transfer must predominate if the foregoing argu-
ments are true. Figure 1 shows that the intensity of the 8660-
angstroms enission has a high mean value between 1500 and
2000 universal time.

It should be noted that existence of a wind shear could easily
appear to be a temperature change, and the spurious indication
that the temperature has increased would affect both 5577-
angstrom and 8660-angstrom measurements similarly, al-
though not identically, if they remained in the same height
range. Derived temperatures increase in both cases, but be-
cause of the mass difference between the molecular and atomic
species, a blend of bulk shifts would appear as a larger tem-
perature rise for the atmospheric bands than for the green line
because of the different line widths. Hence, for a situation
where a wind shear in the emission layer is normal, we expect
the atmospheric band kinetic temperature to appear higher at
all times, all other things being equal.

This paper presents the first study of upper atmospheric
dynamics and thermodynamics using the doppler shift and
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width data from the oxygen atmospheric band. The simple
interpretation which may be applied for the case of a source
solely containing airglow is not applicable to the data obtained
from Amundsen Scott Station. Auroral emission in the lower
and upper thermosphere blends with the airglow to give tem-
peratures and winds that are averages weighted by volume
emission rate.

The analysis presented here is consistent with our current
understanding of the excitation of the atmospheric bands and
the atomic oxygen line in the aurora and airgiow when the
observed temperatures are in near agreement and in the 200-
400 K range. However, when the temperature derived from the
atmospheric band rises to upper thermosphere values, consis-
tency can only be maintained by supposing that the incoming
auroral particle spectrum has made a transition from typical
energies in the kiloelectronvolt range to near 100 electronvolts
or below. Therefore, it is deduced that such a transition oc-
curred at 1500 universal time on the 21 April 1991 and reversion
to the kiloelectronvolt range at 2100 universal time.

The derived winds show signs that a blend of doppler shifts
exists along the line of sight that may include changes of direc-
tion. Hence, the data do not provide input on any particular
height interval that is narrow enough to characterize a layered

circulation. It is probable that the line of sight integrates over
more than a vertical wavelength of upward propagating waves
present in that region of the atmosphere.

The program to study the dynamics and thermodynamics of
the thermosphere and mesosphere at Amundsen-Scott Station
is supported by National Science Foundation grant DPP 90-
17484.
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We have constructed instruments to measure the atmos-
pheric conduction current and the atmospheric electric field,
two fundamental parameters of the global-electric circuit. The
instruments were deployed at the Amundsen-Scott South Pole
Station in January 1991 and are designed to operate continu-
ously for up to 1 year without operator intervention.

An electrical potential difference of approximately 300 kilo-
volts exists between the ionosphere and the Earth's surface. It
has been widely accepted for many years that the collective
action of thunderstorms over the entire globe is the primary
generator of this global ionospheric potential. A secondary gen-
erator of ionospheric potential at high latitudes is driven by the
interaction of the solar wind with the geomagnetic field, re-
sulting in a potential that varies spatially across the polar cap
(Park 1976). The cross-polar-cap potential may vary from 30 to

100 kilovolts, depending on solar wind conditions. At high lat-
itudes, the total potential of the ionosphere is the superposition
of the cross-polar-cap potential and the global potential. The
ionospheric potential is manifested by an atmospheric electric
field at the surface of the order of 200 volts per meter, and the
ionospheric potential drives a conduction current through the
intervening atmosphere on the order of several picoamperes
per square meter. The atmospheric current and the electric field
at high latitudes respond to a mixture of lower atmospheric and
magnetospheric influences.

The atmospheric processes that generate the ionospheric po-
tential and regulate the conduction current flow commonly are
referred to as elements of the "global atmospheric-electrical
circuit." The primary scientific objectives of this project are the
study of the terrestrial and extraterrestrial sources and modu-
lations of the global circuit. The South Pole Station was chosen
as our instrument site for several reasons. Most important, the
station sits on the antarctic plateau, a region where the atmo-
sphere has the ideal qualities for making measurements of
global-atmospheric electricity because the measurements are
relatively unperturbed by local meteorological conditions
(Cobb 1977). Second, South Pole Station is located within the
geomagnetic polar cap; therefore, atmospheric electricity mea-
surements made at the pole are useful in investigating global
processes as well as large-scale electrical processes unique to
high latitudes. Third, the downward air-Earth current being
delivered to the surface of the antarctic polar plateau is larger
(approximately twice as large) than the global average because
of the high altitude of the plateau, which is, therefore, strongly
coupled to the global electric circuit. Finally, the local topogra-
phy of the antarctic plateau is flat and void of obstructions,
making it ideal for taking atmospheric electricity measure-
ments.

The initial operational phase of this project has three primary
objectives: to establish that the instruments will work in the
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