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Intense 2.3 hertz electric field
pulsations in the stratosphere at high

auroral latitudes

E. A. BERING, J. R. BENBROOK, AND B. LIA0

Department of Physics
University of Houston

Houston, Texas 77204-5504

This paper reports results from the analysis of ultra-low-
frequency (ULF) fluctuations observed by electric field detectors
flown on stratospheric balloon payloads from the South Pole.
This research is difficult to place in context since most investiga-
tors who have studied the ionospheric electric field using bal-
loon-borne sensors have been interested in phenomena with time
scales of tens of minutes or longer.

Few papers have considered fluctuations in balloon electric-
field data at frequencies above 10 millthertz, and only one study
that we are aware of reported signals in the vicinity of about 1
hertz (D'Angelo et al. 1983). These authors reported high mag-
netic latitude observations of broadband incoherent noise in
their electric field data. The frequency of this noise ranged up to
1 hertz and had an amplitude of a few millivolts per meter.
D'Angelo et al. did not state the bandwidth of their detector.
However, the appearance of the published spectrogram suggests
a cutoff at 1 hertz. These signals had an occurrence rate of 1-3
percent. D'Angelo et al. attributed these signals to polarization
fields occurring within regions of turbulent variation in strato-
spheric conductivity. In this paper we report on observations of
similar signals above the South Pole. The wider bandwidth and
better ambient diagnostic data available from our payloads has
enabled us to understand these events better.

The electric field data were acquired during the 1985-1986
South Pole balloon campaign (Bering et al. 1987) in which eight
balloon payloads carrying three- axis double-probe electric field
detectors were launched sequentially from the South Pole. The
noise level of the electric field instrument was about 0.4 millivolts
per meter, the digitization increment was 0.1 millivolts per meter,
and the data were sampled at 8 hertz. We determined balloon
payload attitude from an on-board magnetometer. We measured
ambient air temperature with a thermistor that was shielded from
direct sunlight and Earth albedo and was sampled at  1-hertz rate.
We obtained the data discussed here during flight 3, which reached
float altitude around 2345 universal time on 21 December 1985.

We observed narrow bandwidth pulsations in the horizontal
component of the electric field with an amplitude of about 40 to
60 millivolts per meter at a frequency of 2.3 hertz. The vertical
component had similar signals, with amplitudes of about 70 to
200 millivolts per meter. The waves occurred in bursts of 5 to 15
seconds in duration at irregular 1- to 2-minute intervals. The
event began around 0015 universal time on 22 December 1985
and lasted about 3 hours. Figure 1 shows an example of one of
these wave bursts. A prominent burst of quasi-sinusoidal noise
can be seen in all three components, starting at 0233:18 universal
time and lasting for about 12 seconds. For this burst, maximum
amplitude in the eastward component was about 60 millivolts
per meter. The signal in the vertical component was initially
unipolar, with a total amplitude roughly equal to the peak-to-
peak amplitude in the horizontal component.

The power spectra of the horizontal component signals had
three peaks at 2.2, 2.32, and 2.45 hertz. Long-term analyses
incorporating many bursts show narrow, relatively stable bands
(not shown). On the other hand, spectra of individual bursts
show spectra that have broader peaks with time variation in
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Figure 1. Three components of the electrical field measured by a
balloon payload at an altitude of 32 kilometers above South Pole on
22 December 1985. The field Is plotted in earth-fixed local geomag-
netic coordinates. The three panels show the poleward, eastward,
and vertical components, respectively. The data are plotted as a
function of universal time at a rate of 8 samples per second.
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Figure 2. Gray-scale spectrogram of the power spectrum of the
eastward component of the electric field. In this plot, the ordinate is
frequency from 0 to 4 hertz, the abscissa is universal time, and the
spectral power is plotted as intensity of gray, as shown in the
calibration bar on the right. Ten minutes of spectra are shown. The
spectra were computed using a 32-second window moved forward
10 seconds per step. The data were smoothed by frequency averag-
ing, using a three-point moving average.

Figure 3. Gray-scale spectrogram of the circular polarization on the
horizontal plane. In this figure, the gray scale has been split into two
halves, with the lighter part showing left-handed polarization and the
darker showing right-handed polarization. Four hours of data are
shown. The spectra were computed with a 512-second window
moved forward two minutes per step. The spectra were smoothed
with 16-point frequency averaging.

central frequency. For example, figure 2 is a dynamic power
spectrum of the eastward component, showing 10 minutes worth
of data. The spectrum of the burst shown in figure 1 is the second
of the two prominent bursts just to the right of center. Signatures
of eight bursts appear, spaced irregularly through the interval
shown. Spectrum analysis of the vertical component shows the
2.32 hertz peak and a falling tone that started at 1.35 hertz and
descended to 1.2 hertz by the end of the event. This falling tone
can be seen as a weak signal in figure 3. The difference in
dominant frequencies in figure 1 is confirmed by spectral analysis
of the vertical component, where this falling tone is the strongest
signal.

Figure 3 shows a polarization power spectrum of the horizon-
tal components for the entire period spanning the noise burst
events. The polarization analysis shown in this figure indicates

that the 2.2-hertz band was nearly 100 percent right-hand polar-
ized, while the 2.32- and 2.45-hertz bands were nearly 100 percent
left-hand polarized.

The waves were not seen in the search coil magnetometer data
from the South Pole. They were also not seen in any of the other
signals from the balloon payload, including the housekeeping
data, the ambient temperature, or the ambient pressure.

What was the source of these unusual signals? Both iono-
spheric and atmospheric mechanisms are possible, including
ionospheric plasma waves, thunderstorms or electrified clouds,
aliased detection of Schumann resonance signals, mechanical
motions of the payload or booms, charging of the payload or
motions of the balloon ion wake, convecting conductivity fluc-
tuations, or clear-air electrification and payload electronic
noise.
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Ionospheric plasma waves are a possible explanation, because
the ion density is high enough to produce the observed ampli-
tude and the ionosphere is nearby. Furthermore, an ionospheric
source could produce the observed polarization and bandwidth.
Also, ionospheric plasma waves are a common occurrence at
high latitudes.

This model has problems because existing ionosphere-to-
balloon mapping calculations predict some attention at this fre-
quency. Since the observed amplitude is already unusually large
for most ionospheric waves, atmospheric sources should be
considered.

Thunderstorms or electrified clouds are possible explana-
tions, because there would be enough charge present if the bad
weather was nearby. Furthermore, this model accounts for the
large vertical component of the signal. However, National Oce-
anic and Atmospheric Adminstration 9 satellite photographs
and surface pressure analysis indicate that the nearest bad weather
to the South Pole was about 1,600 kilometers away. At this
distance, the signal amplitude implies an oscillation in total storm
dipole moment of 10,000 Coulombs per kilometer if we were
observing the electrostatic near field (D'Angelo et al. 1983). This
estimate is prohibitively large. Another possibility, that we were
under-sampling a Schumann mode, i.e., resonant electromag-
netic waves, can be ruled out as an explanation because the
polarization was wrong. The Schumann resonance propagates
as a transverse magnetic mode and cannot have a horizontal
component to the electric field (Schumann 1952). Furthermore,
the frequency, bandwidth, and amplitude of our signals are all
inconsistent with prior Schumann resonance observations
(Sentman 1987; Sentman and Fraser 1991).

Most of the other explanations can also be ruled out. Since
similar waves have been reported by others, we rule out instru-
mental causes. Mechanical motions require magnitude of E to be
constant, which it was not. Charging of the payload, motions of
the balloon wake, and electronic noise should produce signals
that are coherent in all three components, contrary to observa-
tion. Convecting conductivity fluctuations should appear in the
data as measured conductivity, air temperature, and pressure
fluctuations. None of these could be found in the data.

Intense quasi-sinusoidal fluctuations in the electric field have
been observed in the high latitude stratosphere. These "waves"
are probably the same phenomena as reported by D'Angelo et al.
(1983). We attribute the differences in frequency and amplitude
to the narrower bandwidth of the previous payloads. The emis-
sions are characterized by large amplitude, narrow bandwidth,
and complicated polarization. The power spectrum of the vertical
component peaks at a lower frequency than does the horizontal
component. The most intense peaks in the spectra of the horizon-
tal components are not harmonics of the major peak in the vertical
component spectrum. No available model is fully satisfactory. An
ionospheric source or a small nearby electrified cloud that was not
noticeable in the satellite photographs remains the best possibility.

This research was supported by National Science Foundation
grants DPP 84-15203, DPP 86-14092, and DPP 90-19567. We thank
Dr. Mark Engbretson for analysis and useful comments regard-
ing the South Pole search coil magnetometer data.
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