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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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The bremsstrahlung e-folding energy is computed by fitting
the magnetospheric portion of the spectrum to the function:

ln(N) = a6 +	
a7E

10)1 + (a9E\a

The bremsstrahlung e-folding energy is the negative inverse

of a7. '- is then computed, and the Berger and Seltzer results
dEX

for an energy of 100 kiloelectronvolts are interpolated to allow
the calculation of the incident electron precipitation rate for
times of interest.

The X-ray detector for this time period consisted of a sodium
iodide (Ti) scintillator 7.5 centimeters in diameter and 0.5 cen-
timeter thick mounted on a 7.5-centimeter diameter photo-
multiplier tube. The output of the photomultiplier tube was
subjected to on-board pulse height analysis resulting in count-
ing rates in 15 integral channels covering the range from 15 to
185 kiloelectronvolts. These data were telemetered to ground
via a bi-phase pulse code modulation system.

Figure 1 shows counting rates from five of the energy chan-
nels with the lowest energy channel being the top and most
active line. The magnetospheric portion of the spectrum ap-
pears as multiple spikes superimposed on a relatively smooth
cosmic-ray background. From launch at 0536 universal time,
the balloon rises through the Pfotzer peak and reaches float
altitude at 0730 universal time with an event in progress. Three
separate periods of intense activity with durations of 15 to 30
minutes followed.

The measurements were made during a geomagnetically ac-
tive period. Figure 2 shows D,t varying from about —50 to —80
during the time of the three intense events. Kp was at 6 for
the first two events and 5 for the last one. Syowa Station
magnetograms provided by Yamagishi et al. (1987) show a
sudden commencement of a large magnetic storm occurring
at approximately 0120 universal time, followed by a series of

SOUTH POLE BALLOON CAMPAIGN
University of Houston

Flight 2
Energy Thresholds 19,40,60,90.150 keV

0500	0600	0700	0800	0900	1000	1100

UT Time from Start of Day :353

Figure 1. Counting rate versus time of day in universal time (UT)
for 19 December 1985. (keV enotes kiloelectronvolts.)

several substorms. The strongest of these substorms was ob-
served to begin at Syowa at 0740 universal time and reached
maximum intensity just after 0800 universal time. Four addi-
tional substorm expansions were seen at South Pole Station
during the next 2 hours that were not seen at Syowa.

The Berger and Seltzer model was applied to these events
resulting in the graphs of figure 3. An interesting feature of
the three events is the dispersion in electron energy, with more
energetic electrons arriving first, followed by greater numbers
of lower energy particles.
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Figure 2. (Top) D, t versus time of day. (Bottom) K versus time of
day. (UT denotes universal time.)
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It is at this point difficult to make any firm conclusions with
regard to the specific nature of these precipitation events since
these data need to be compared to data from other ground-
based sources and from satellites; however, one possible ex-
planation is that the auroral forms are moving over the balloon
location, dumping magnetospheric electrons into the atmos-
phere. This suggestion is consistent with the observation of
correlated negative perturbations in the H component of the
magnetic field measured at the South Pole. Collaboration with
the University of Iowa auroral satellite group and the U.S. Air
Force Geophysical Lab has begun in order to explore this pos-
sibility.

This work was supported by National Science Foundation
grants DPP 84-15203 and DPP 86-14091 to the University of
Houston and DPP 82-17260 to the University of Maryland.
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The study of the perturbation of the ionosphere by upper-
atmospheric neutral waves has been a subject of major interest
for more than 30 years (Hines 1960; Georges 1973; Jacobson
1986; Earle and Kelley 1987). The initial energy source for these
waves is weather activity in the troposphere. In the absence
of dissipation, neutral waves propagating upward through an
atmosphere with exponentially decreasing density will grow
exponentially in amplitude due to the conservation of energy.
In the E layer of the ionosphere, collisions keep the ions cou-
pled strongly to the neutral gas, whereas the electron-neutral
collisions have become so infrequent that the electrons are
magnetized and held fixed with respect to the Earth's magnetic
field. Therefore, in the E layer, neutral wind fluctuations will
move the ions with respect to the electrons, thus driving cur-
rents and building up space charge to create an electric field
(Jacobson and Bernhardt 1985). Historically, this topic has been
investigated at mid- and low-latitude because auroral pro-
cesses can easily dominate the atmospheric dynamo signature
at higher latitudes (Mozer 1971).

Recent evidence suggests that neutral wave-driven dynamo
fields can be an important signal source at high-latitude during
geomagnetically quiet times (Earle and Kelley 1987); however,
Earle and Kelley's argument was based on statistical compar-
ison of spectral shapes. Simultaneous direct observations of
lower atmosphere neutral-wind waves and upper atmosphere
electric fields were lacking. This paper will present an example
of just such an observation.

The data were acquired during the 1985-1986 South Pole
balloon campaign (Bering et al. 1986) in which eight balloon
payloads carrying three-axis double-probe electric-field detec-

tors, X-ray scintillation counters, and pressure and tempera-
ture sensors were launched sequentially from South Pole Station,
Antarctica. The primary objective of the campaign was to mea-
sure the ionospheric electric field in the vicinity of the southern
magnetic dayside cusp in order to obtain an understanding of
the sources of the field. In fair weather, a balloon at a 30-
kilometer altitude in the stratosphere measures the 100-kilo-
meter, 1-second average of the horizontal ionospheric electric
field (Mozer and Serlin 1969).

An example of neutral waves in the stratosphere and their
dynamo effects in the ionosphere is shown in figure 1. The
figure shows 34 minutes of data acquired on 7 January 1986.
The presence of neutral waves in the stratosphere is indicated
by the perturbations in ambient temperature shown in the
bottom panel. Figure 2 shows the same data after applying a
0.002-0.007 hertz bandpass filter. The presence of an anti-
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Figure 1. Thirty-four minutes of 15-second averages of data plotted
as a function of universal time (UT) on 7 January 1986. From top
to bottom, the panels display the variations of the vertical com-
ponent (Ba) of the geomagnetic field on the ground at South Pole,
the geomagnetic poleward component (E n) of the ionospheric elec-
tric field, the geomagnetic eastward electric field (E E), the ambient
pressure (P) seen by the balloon payload, and the ambient air tem-
perature (T). (K denotes Kelvin. MV/rn denotes millivolts per meter.
nT denotes nanoteslas. rnb denotes millibar.)
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