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During the austral summer of 1985-1986, we launched a
series of eight stratospheric, zero-pressure balloons from
Amundsen-Scott Station at the South Geographic Pole. A sum-
mary of the scientific objectives of the balloon campaign is
given by Bering et al. (1986).

One of the major objectives of the balloon campaign is a
detailed study of the stratospheric winds at float altitudes
through analysis of the balloon-tracking data. Because they are
sensitive to atmospheric wave motions, balloons can provide
information on small-scale perturbations to the mean wind
flow. Atmospheric waves play a crucial role in horizontal and
vertical chemical transport, especially in the summertime strat-
osphere above the South Pole. In this region, the mean winds
are very light so that the total wind vector may be dominated
by perturbation winds of the waves.

Our initial analysis of the tracking data focuses on charac-
terizing atmospheric motions associated with internal gravity
waves. Our study of gravity waves was motivated by the recent
interest in the chemistry of the south polar region. In addition,
we are investigating fluctuations in the ionospheric electric
field that may be generated by the upwardly propagating grav-
ity waves (Bering et al., Antarctic Journal, this issue).

A total of 468 hours of tracking data was obtained from the
eight flights.

Tracking data. One of the balloon flights, flight 7, was unique
because clear weather permitted the precise monitoring of the
balloon position (azimuth and elevation) with an optical theo-
dolite for the first 26 hours of the flight. This allowed us to
resolve the small-scale motions as well as the mean flow during
this time. For the rest of flight 7, and for most of the other
flights, the balloon tracking was done primarily by telemetry
signal strength and tone-ranging techniques, which are less
accurate than the theodolite readings but from which the mean
winds and long-period tidal motions can still be determined.

Balloon 7 was launched from Amundsen-Scott Station on 7
January 1986 at 0945 universal time. The altitude of the balloon
as a function of time is shown in figure 1. The altitude was
calculated from the onboard atmospheric pressure and tem-
perature measurements which were telemetered to a ground
receiving station. The balloon ascended at a nearly constant
rate after launch to an altitude of approximately 37 kilometers.
It then descended due to a slow helium leak over a period of
60 hours to approximately 27 kilometers before drifting beyond
the radio horizon. Oscillations in the balloon altitude with
periods of a few hours are evidence of vertical motions asso-
ciated with internal gravity waves. This motion was present
during most of the balloon flights. Vertical displacements were
typically a few hundred meters.

The ground track of flight 7 is shown in figure 2. Theodolite
tracking readings were taken every 15-20 minutes until hour
36. The random error in the theodolite azimuth and elevation

Figure 1. Balloon flight 7 altitude versus universal time (UT) hours
from the start of the day of the launch. <km denotes kilometers.)
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Figure 2. Track of flight 7 in geographic coordinates; 2-hour inter-
vals are marked as + and 12-hour intervals are labeled along the
track. (UT denotes universal time.)

readings was at most 20 seconds of arc, so that the error in
the relative positions of the balloon between readings before
hour 36 was negligible. After hour 36, tracking data were ob-
tained every 30 minutes by the tone-ranging method, which
had an estimated resolution of 50 A 2-hour running average
of these tone-ranging data was used. The direction of the mean
flow was approximately along 220°E. The large counterclock-
wise loops in the balloon track were caused by wind pertur-
bations associated with wave activity.

Wave characteristics. The magnitude of the horizontal wind
velocity determined from the balloon tracking of flight 7 is
shown in figure 3. Quasi-periodic perturbations in the mean
wind are evident. The mean wind was approximately 3 meters
per second. A spectral analysis of the wind data indicates that
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Figure 3. Magnitude of the horizontal wind velocity measured by
flight 7 versus universal time (UT) hours. (m/s denotes meters per
second.)

the dominant wave motion in the wind velocity had a period
of approximately 5 hours. Other important parameters that
characterize gravity waves include the vertical wavelength X,
the horizontal wavelength Xh, the horizontal phase velocity C,,
and the horizontal and vertical perturbation velocities of the
waves U,, and U, respectively. Figure 3 shows that U,, was
typically 2-3 meters per second. We estimated X from the
vertical wind profile measured by a radiosonde launched at
1200 universal time on 7 January 1986 which shows quasi-
periodic oscillations with X 2.5 kilometers. The other pa-
rameters, estimated from the gravity wave theory of Hines
(1960), are found to be X,, 125 kilometers, C,, 8 meters per

second, and U 0.05 meters per second. From a hodograph
analysis, the waves were found to be nearly linearly polarized.

All of the above observed characteristics are typical of past
observations of internal gravity waves although observations
in the stratosphere are sparse. Gravity waves are generally
believed to be of tropospheric origin with either wind flow
over topographical features or wind shear instability as the
most important sources. Since the nearest mountain range to
the South Pole is approximately 350 kilometers away, topo-
graphy was an unlikely source.

In conclusion, the horizontal perturbation velocities of in-
ternal gravity waves appear to be comparable to the mean wind
flow in the stratosphere above the South Pole. Vertical dis-
placements of air parcels by the gravity waves are on the order
of hundreds of meters. The implication is that internal gravity
waves play an important role in the transport of stratospheric
constituents in the south polar region. Future work includes
a statistical analysis of the tracking data for the entire campaign
in order to characterize tidal motions.

This research was supported by National Science Founda-
tion grants DPP 84-15203 and DPP 86-14091.
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During the 1985-1986 austral summer, the University of
Houston and the University of Maryland conducted the first
balloon compaign from South Pole Station which measured
the ionospheric electric field and bremsstrahlung X-rays. The
suitability of the location (invariant latitude 75°S) and ob-
jectives of the campaign are described by Bering et al. (1986).

Presented here are some of the X-ray data from dawn-sector
time period of 0700 to 1000 universal time on 19 December
1985 (local magnetic noon is 1530 universal time).

An energetic electron impinging on the atmosphere at an
altitude of about 100 kilometers starts to lose energy through
a number of mechanisms, some of which produce X-rays known
as bremsstrahlung or braking radiation. The X-rays, as high-
energy photons, are able to penetrate the atmosphere nearly
another 70 kilometers to a depth where they can be received
by balloon-borne instruments. Berger and Seltzer (1972) de-
veloped a model which relates the electron precipitation rate
to the e-folding energy of the detected bremsstrahlung radia-
tion and the altitude at which it is measured. For an incident
electron beam with an assumed exponential spectrum, they
find that the electron precipitation spectral shape for energies
greater than 60 kiloelectronvolts can be characterized by the
bremsstrahlung e-folding energy alone, thereby establishing a
direct connection between electron and bremsstrahlung e-fold-
ing energies. In addition, in this energy regime, the brems-
strahiung flux spectrum per unit incident current can be ex-
pressed as the product of two factors: a scale factor f (Eeiectron)
depending on the electron e-folding energy and an attenuation
factor g(z) depending on the atmospheric depth. The product
of these factors yields the bremsstrahlung flux spectrum per
unit incident current; namely:
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