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The top panel of figure 1 shows a sweep-frequency trans-
mission from the Siple Station transmitter as received on the
ISIS-2 spacecraft; the lower panel shows the pulse format as
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The study of density irregularities in the ionosphere and
magnetosphere is important because these structures are man-
ifestations of large-scale dynamic processes in the Earth's plasma
environment which at present are only partially understood
(Fejer and Kelly 1980). Furthermore, these irregularities can
catalyze interactions between plasma waves and energetic par-
ticles, leading to coupling between the magnetosphere, io-
nosphere, and upper atmosphere (Bell and Ngo 1988).

At present, work is progressing at Stanford University on
the development of a new technique to determine the char-
acteristics of magnetic-field-aligned plasma density irregular-
ities using the Siple Station very-low-frequency transmitter.
This technique is based upon a recently discovered phenom-
enon in which coherent signals from ground- based very-low-
frequency transmitters have been observed to excite short-
wavelength electrostatic waves (greater than or equal to 5 me-
ters but less than or equal to 100 meters) throughout large
regions of the magnetosphere and ionosphere. This effect has
been explained in terms of scattering of the initial input signals
from magnetic-field-aligned plasma density irregularities of small
transverse scale (5-100 meters) which exist in the magnetos-
phere, and during this process, excite electrostatic waves with
wave normals near the resonance cone (Bell et al. 1983; Bell
and Ngo 1988, in preparation). Because of the large refractive
index associated with the stimulated electrostatic waves, they
are observed on satellites with significant doppler shifts of up
to 500 hertz. Since the measured doppler spectrum contains
information on the spatial distribution and enhancement fac-
tors of the irregularities, it can be used as a diagnostic tool to
study the irregularity structure.

A full-wave electromagnetic theory has recently been de-
veloped which describes the scattering process (Bell and Ngo
1988, in preparation) and which gives the electrostatic wave
amplitude as a function of the irregularity distribution. This
relationship can be used as a diagnostic tool to predict the
irregularity structure which produces a given measured elec-
trostatic wave spectrum.

This new diagnostic tool has recently been applied to very-
low-frequency wave data acquired in 1982 during a joint in-
ternational research effort involving Stanford University and
the Canadian Communication Research Center. In these ex-
periments, signals from the Siple Station very-low-frequency
transmitter were injected into the magnetosphere and the in-
put signal plus the stimulated electrostatic waves were ob-
served on the Canadian ISIS-1 and ISIS-2 satellites as these
spacecraft passed near Siple Station. A portion of the data
acquired during one of these experiments is shown in figure
1.

kHz	 (b)

0	1	2	3	4	5 sec
Figure 1. A. Spectrogram showing a sweep frequency Siple Station
transmitter pulse as received on the ISIS-2 satellite during wave-
injection experiments in July 1982. The large apparent bandwidth
of the signal (approximately 150 hertz) results from the doppler
shift of short-wavelength electrostatic waves excited by the input
pulse. B. The pulse format as transmitted. (UT denotes universal
time. KHz denotes kilohertz.)
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Figure 2. A. The measured electric field amplitude (E ES) of the sweep
frequency pulse shown in figure 1A plotted as a function of the
wavelength of the electrostatic waves. B. The predicted Fourier
spectrum of the irregularities which led to the generation of the
electrostatic waves. The quantity N 00 refers to the amplitude of
each individual Fourier component in the irregularity spatial spec-
trum. (A denotes wavelength. dB denotes decibel.)
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transmitted from Siple Station. The large apparent bandwidth
of the signal received on the spacecraft results from the pres-
ence of electrostatic waves stimulated as the input pulse scat-
tered from magnetic-field-aligned plasma density irregularities
located along the propagation path.

The top panel of figure 2 shows the measured amplitude of
the electrostatic waves shown in figure 1 as a function of the
wavelength of these waves. The bottom panel shows the pre-
dicted Fourier spectrum of the irregularities which lead to the
generation of the electrostatic waves. The dominant predicted
wavelengths in the spatial Fourier spectrum of the irregular-
ities lie in the range 27-30 meters.

This new diagnostic technique is potentially very powerful
since it can be used at altitudes far above that at which ground-
based radar is useful and covers a scale range (5-100 meters)
that is an order of magnitude better than the resolution of most
experiments designed to measure density irregularities di-
rectly. Further tests of the technique will be carried out using
data acquired at Siple Station in the period 1982-1987 with the
ISIS satellite as well as the high altitude ISEE-1 and DE-1 sat-
ellites. If the technique can be perfected, it will be of substantial

benefit to the fields of both magnetospheric and ionospheric
physics.
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The physics of ultra-low-frequency waves in the magnetos-
phere, near the cusp and in the polar cap, is important because
this region is one where ultra-low-frequency wave energy from
the magnetopause can most easily enter the magnetosphere
(Russell, Holzer, and Smith 1969; Russell and Chappel 1971;
Lanzerotti, Medford, and Rosenberg 1982). During the 1985-
1986 South Pole balloon campaign (Bering et al. 1986), eight
stratospheric balloon payloads were launched from Amund-
sen-Scott Station, South Geographic Pole, Antarctica, to record
data on ultra-low-frequency waves. The payloads were instru-
mented with three-axis double-probe electric field detectors
and X-ray scintillation counters.

This paper concentrates on the third flight of this series,
which was launched at 2205 universal time on 21 December
1985. Good data were received from the payload until the
transmitter failed at 0342 universal time on 22 December. Dur-
ing most of the four hours that the balloon was afloat, an
intense ultra-low-frequency wave event was in progress. The
electric-field data from this period have been examined in detail
and compared with magnetic field data, obtained with ground-

based fluxgate and induction magnetometers to determine the
characteristics of the waves.

After float was reached, the electric-field data in figure 1
show large-amplitude, quasi-periodic fluctuations suggesting
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Figure 1. The three components of the electric field measured by
the balloon payload and the three components of the magnetic
field measured by ground magnetometers at the South Pole (solid
curve) and Iqaluit (dashed curve) are shown for the duration of
flight 3. The conventional labels for the three components of the
magnetic field are H-poleward, D-eastward, and Z-vertical. (mV/rn
denotes millivolts per meter. nT denotes nanoteslas.)
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