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conductivity and currents (Engebretson et al. 1991). This work
was supported by National Science Foundation grants DPP 89-
13870, DPP 88-18229, and DPP 88-16825.
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Images and energy spectra of an
impulsive X-ray burst observed in the

antarctic polar cap region
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In 1990 a balloon launched into a circumpolar trajectory from
McMurdo Station, Antarctica, carried an X-ray pinhole camera
and a high-energy-resolution germanium spectrometer. A circum-
polar balloon is an ideal platform from which to study solar X-ray
phenomenon (Smith et al. 1991). A circumpolar trajectory in Ant-
arctica also covers a broad range of magnetic domains, from
subauroral to polar cap regions, and thus offers scientists a unique
opportunity to study energetic electron precipitation phenom-
enon on magnetic lines of force that contain different plasma
populations. The balloon floated at an altitude of about 3.6 grams
per square centimeter atmospheric depth for about 9 days.

The X-ray camera detects atmospheric bremsstrahlung X-rays
in the energy range of about 20-120 kilo-electron volts, obtaining
images over a field of view that corresponds to a circle of about
100 kilometers in diameter with a spatial resolution of about 15-
20 kilometers, for a source located at an altitude of 100 kilometers.
On-board data processing provides either imaging (216 pixels) or
energy-spectral (255 channels) data. The germanium spectrom-
eter detects X-rays from 20 to 2.5 million electron volts with a

Figure 1. The top panels show the summary data of X-rays detected on 23, 24, and 25 December 1990. The bottom panel shows the trajectory
of the balloon superimposed on the antarctic continent and the predicted position of the auroral oval.
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resolution of greater than or equal to 1 kilo-electron volt full
width at half maximum.

Impulsive X-ray events were detected on 23, 24, and 25 De-
cember 1990 (figure 1, top panel). All were observed on the
dayside, inside the polar cap region and to the south of the
predicted auroral zone but fairly close to the southward bound-
ary (figure 1, bottom panel). The first two bursts are solar X-ray
events and will be reported on in another paper. The impulsive
burst on 25 December is associated with the earth's magneto-
spheric activity. Figure 2 shows raw images that represent two-
dimensional contours of constant X-ray fluxes at the position of
the detector plane (about 40 kilometers in altitude). These images
indicate that electron precipitation can be beamlike and can occur
over a small region, about 15-20 kilometers. That dimension is
close to the limit of the instrument's capability suggests that the
actual spatial region could be even smaller.
• The germanium spectrometer recorded an X-ray spectrum
showing precipitation activity during a 15-minute period just
before data were collected by the X-ray camera. The emission
appeared to come from a region located 26(+10,-11) degrees
above the horizon, outside the field of view of the X-ray camera.
The spectrum corrected to the top of the atmosphere is shown in
the top panel of figure 3. The error bars represent statistical error
and the solid lines represent the error due to uncertainty in the
elevation angle. The bottom panels show X-ray energy spectra
obtained by the X-ray camera. The best fit power law for the
germanium spectrometer has an index of m = -3.70 (+ 0.41,-1.13).
The three indices for the camera data (preliminary) are 0.57
(±-0.16),0.46 (± -0.22), and 0.76 (± -0.18). The combined Univer-
sity of California at Berkeley and University of Washington data
indicate that the energy spectrum hardened as the source moved
overhead. Note that no precipitation was detected before the

1146 UT, Dec. 25, background-corrected

spectrum of figure 3 by the UCB spectrometer observations are
unavailable for the time of the pinhole camera data.

A possible source of this burst is an independent polar cap
source or a source that is associated with energetic electrons from
the outer magnetosphere. A balloon located close to the southern
boundary of the auroral oval could detect precipitated electrons
from near the trapping boundary. We have reached no definite
conclusion, however, about causes or relationships of the obser-
ved X-rays to auroral and magnetospheric activity.

Previous studies of auroral electrons have identified two
sources of precipitation. A low-latitude source active in the
ionosphere that accelerates electrons along the magnetic field
direction is believed to be the primary source of less than 10 kilo-
electron volts (Evans 1974; Mozeret al. 1977). A distant magneto-
spheric source that operates in and beyond synchronous alti-
tudes is believed to be the source of higher-energy (greater than
20 kilo-electron-volts) electrons (Parks and Winckler 1968). Au-
roral images in the visible to the ultraviolet come from a mixture
of the two electron sources. Because both of the sources are act-
ive at the same time, one cannot discern from the emission data
alone which of the two sources is contributing or how their
temporal and spatial features are related.

X-ray images, however, can provide important clues as to how
the energetic magnetosphere sources work. X-rays with energies
of about 20-120 kilo-electron-volts have been detected over the
South Pole (Matthews et al. 1988), but our observations from the
polar cap region provide the first quantitative small-scale X-ray
images and simultaneous energy spectra. Our X-ray pinhole
camera reveals new information on energetic electron precipita-
tion phenomenon.

The duration of the X-ray burst on 25 December was about 15
minutes. Similar types of X-ray bursts have been observed from

1157 UT, Dec. 25, background-corrected
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Figure 2. The two panels show the X-ray images obtained by the camera for the 25 December impulsive burst.
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Figure 3. The top panel shows the differiential energy spectrum obtained by the UCB high-energy-resolution germanium spectrometer. The
bottom panels show the energy spectra obtained by the UW X-ray camera. Note that the preliminary spectra obtained by the UW detector Is
much harder than the spectrum obtained by the UCB spectrometer.

the South Pole (private communication with T. Rosenberg and E.	auroral sources? Could the impulsive bursts be the polar manifes-
Bering 1992). The polar bursts seem shorter than the typical	tation of auroral substorms? Could the apparent motion we
auroral precipitation, which has a duration of less than or equal	observed be associated with the expansion phase of substorms?
to 30 minutes. Basic questions about the nature of electron pre-	these questions cannot be answered without systematic research
cipitation sources include the following: What is the source of	and require further study.
polar cap energetic electrons? Are polar sources independent of	This work was supported in part by National Science Founda-
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tion grants DPP 87-18586, DPP 87-17481, and DPP 91-18500. The
instruments were launched on a National Aeronautics and Space
Administration balloon as part of the long duration balloon dev-
elopmental program.
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Intense 2.3 hertz electric field
pulsations in the stratosphere at high

auroral latitudes
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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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