
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.
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References
Berger, M.J., and S.M. Seltzer. 1972. Bremsstrahlung in the atmos-

phere. Journal of Atmospheric and Terrestrial Physics, 34, 85-108.
Bering, E.A., J.R. Benbrook, D.L. Matthews, and T.J. Rosenberg. 1986.

The 1985-1986 South Pole balloon campaign. The Antarctic Journal
of the U.S., 21(5). 267-269.

Yamagishi, H., I. Ayukawa, S. Matsumura, H. Sakurai, and N. Sato.
1987. Upper atmosphere physics data, Syowa Station. JARE Data
Reports, 128, 210.

Neutral wave-driven dynamo
production

of ultra-low-frequency fluctuations
in the ionospheric electric field

E.A. BERING III, J.R. BENBROOK,
G.J . BYRNE, and J.R. THEALL

Physics Department
University of Houston at University Park

Houston, Texas 77204-5504

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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Figure 2. The same data as figure 1 after applying a 0.002-0.007
hertz bandpass filter.

correlated signal in the eastward component of the electric field
is clear. Quantitatively, the cross-correlation between T and
EEastward (not shown) peaks at a value of -0.35 with the electric
field lagging by 285-300 seconds. The dominant period in
the cross-correlation curve is m315-330 seconds.

The power spectra of and coherence between the ambient
temperature and the EEas tward are shown in figure 3. Peaks are
evident in the power spectra at 3.2 x iO hertz that corre-
spond to the m330-second waves in figures 1 and 2; however,
the coherence between the two time-series peaks at a higher
frequency, m4 x iO hertz corresponding to a period of 200-
280 seconds.

A puzzling feature of the data is the fact that the coherence
between the two time series peaks at a higher frequency than
the frequency of the common peaks in the power spectra or
of the dominant frequency in the cross-correlation curve. This
apparent anomaly can be understood by considering the dis-
persion relation for internal waves in the atmosphere (Hines
1960). The two relevant roots of this relation are the acoustic
mode (i.e., sound waves) that propagates at frequencies above
the acoustic cut-off and the internal gravity mode, a mixed
buoyancy-compression mode that propagates below the Brunt-
Väisälä frequency.

For the acoustic mode just above the acoustic cut-off, energy
propagation is preferentially vertical; for upward energy prop-
agation, phase propagation will also be upward; and the phase
speed will be significantly higher than the usual speed of sound.
On the other hand, for the internal gravity mode just below
the Brunt-Väisalä frequency, both phase and energy propa-
gation are nearly horizontal, and the phase propagation is
downward for upward energy propagation. Coherence is a
phase sensitive, amplitude independent statistic. Therefore,
we expect strong coherence only for the nearly vertical prop-
agation of the acoustic mode, where the neutral waves impact
the ionosphere within the 100-kilometer detection range of the
balloon electric field experiment. The low-frequency cut-off of
the coherence in figure 3 at the acoustic cut-off frequency is
consistent with this picture. The presence of stronger, but
incoherent peaks in the power spectra at the resonant Brunt-
Väisälä frequency is an indication that the obliquely propa-
gating internal gravity waves that are illuminating the ionos-

phere above the balloon originate in the lower atmosphere
more than a horizontal coherence length of the gravity waves
away from the balloon.

1726-1830 UT, 7 January 1986

Frequency, Hz

Figure 3. The power spectra of the temperature (1) and eastward
electric field (EEastward) and the coherence between the temperature
and the eastward electric field are shown as functions of frequency.
The coherence is plotted as a solid line, referring to the linear scale
on the left. The power spectra are plotted as dashed lines referring
to the logarithmic scale on the right. From left to right, the three
vertical lines indicate the Brunt-Väisâlä acoustic cut-off, and bal-
loon neutral buoyancy oscillation frequencies. (UT denotes uni-
versal time. Hz denotes hertz.)
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