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The dispersed very-low-frequency (VLF) signals called whis-
tlers that originate in lightning flashes and propagate from
hemisphere to hemisphere along the Earth's magnetic field
lines have proved to be a powerful means of remotely probing
the properties of the plasma near the equatorial plane of the
magnetosphere (e.g., Park and Carpenter 1978). Much can be
learned from whistlers in the absence of information about the
location and strength of their lightning sources. The energy
from the flash initially spreads in the spherical cavity between
the Earth and the bottom side of the ionosphere at about 80
kilometers altitude, but propagation delays on the path seg-
ments that precede penetration of the ionosphere are small
compared to those that develop within the ionized medium
above. Recently, however, it has become possible to correlate
whistler observations with data from lightning detection net-
works, and thus expand the number of questions that can be
addressed. Among these are broad questions concerning the
contributions of lightning to magnetospheric wave activity and
to the scattering of energetic particles from the Earth's radiation
belts.

Two initial case studies have been performed in which broad-
band recordings of whistlers and VLF magnetospheric noises at
Siple Station, Antarctica, and at the magnetically conjugate
station Lake Mistissini, Canada, were compared with results
from the lightning detection network operated in the eastern
U.S. by the State University of New York at Albany (Orville,
Henderson, and Bosart 1983). It was found that roughly one half
of the whistlers detected could be correlated on a one-to-one
basis with cloud-to-ground flashes detected by the lightning
network. The occurrence of uncorrelated whistlers was at-
tributed to several factors yet to be assessed, including excita-
tion by intracloud flashes (which are not identified by the net-
work) and excitation by flashes outside the network field of
view.

In both of the initial case studies, whistlers were found to
propagate most efficiently on a magnetospheric path with
ionospheric endpoints at the approximate latitude of dashed
curve A in the figure and thus near the latitude of Lake Mis-
tissini and Siple. Multihop echoing back and forth along this
path was observed. However, in one case the correlated light-
fling flashes were located near the Canadian border, at a dis-
tance on the order of 600 kilometers from the endpoints of the
principal path, while in the second and correlated lightning
occurred near the Gulf coast of Florida, roughly 2,000 kilo-
meters away. In this second case, illustrated by the map of the

figure, a phenomenon occurred which can now be understood
better as a result of the lightning data.

Typical locations of the correlated flashes are shown by dots
on the map. It was found that while the lightning excited whis-
tler paths with endpoints distributed in latitude between curves
A and B in the figure, the path that was initially excited most
strongly began near latitude B, as might be expected from
considerations of proximity to the flash. Following propagation
to the Southern Hemisphere along this lower-latitude path, the
energy became coupled during the process of ionospheric re-
flection (Smith and Carpenter 1982) onto the much longer,
higher latitude path with endpoints at latitude A, and then
proceeded to echo back and forth several times. This remark-
able case illustrates a mode in which, through coupling between
paths, it is possible for lightning to illuminate large portions of
the magnetosphere.

The work at Stanford was supported by National Science
Foundation grants DPP 83-17092, DPP 83-18508, and DPP

86-13783.
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Map showing the location of the whistler receiver at Lake Mistissini,
Canada, (LM) and the locations along the Gulf coast (dots) of light-
ning flashes that were correlated on a one-to-one basis with whis-
tlers received at LM. The curves for various values of L represent the
locations at 100 kilometers altitude of geomagnetic field lines which
at maximum altitude extend to 2, 3, and 4 earth radii from the Earth's
center. Dashed curves at A and B indicate the ionospheric endpoint
latitudes of field-aligned whistler paths discussed in the text. The
energy from lightning may be visualized as spreading widely over
the Earth and thus illuminating from below (with spatially varying
amplitude) large regions of the ionosphere.
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One of the critical scientific objectives of space plasma physics
is to understand the processes that couple distinct parts of the
Earth's plasma environment, such as the solar wind, magne-
tosphere, ionosphere, and upper atmosphere. An important
source of coupling between the magnetosphere, ionosphere,
and upper atmosphere is the flux of energetic particles which
are precipitated from the Earth's radiation belts through interac-
tions with both natural and manmade very-low-frequency (VLF)

waves.
One of the main goals of the Siple Station VLF wave-injection

experiments is to obtain an understanding of wave-particle
interactions by performing controlled studies in which VLF

waves are injected into the magnetosphere and radiation belts
and in which measurements of the wave and particle properties
during the interactions are carried out both on the ground and
in space (Helliwell and Katsufrakis 1974). An important compo-
nent of these experiments has been the support provided by
various satellites, such as Explorer 45 (United States), Exos-B
(Japan), ISEE-I (United States), isis-i (Canada), isis-il (Canada),
and DE-i (United States). Correlative data from these satellites
have been used to determine the characteristics of the injected
waves and energetic particles in the ionosphere and magne-
tosphere, and to establish the importance of coherent whistler-
mode waves in magnetospheric wave-particle interactions (Bell,
man, and Helliwell 1981; Bell et al. 1983a, 1983b; Bell, Kat-
sufrakis, and James 1985; Kimura et al. 1983; Rastani, man, and
Helliwell 1985; Sonwalkar and Inan 1986).

In the coming austral summer (November 1987 to February
1988), isis-li spacecraft observations will be carried out during
Siple Station wave-injection experiments as part of a joint inter-
national research effort involving workers from the Stanford
University STAR Laboratory, the Canadian Communication Re-
search Center, the Japanese Research Institute of At-
mospherics, Radio Research Laboratory, and National Institute
of Polar Research.

One of the goals of this study is to understand a newly
discovered phenomenon in which high-amplitude electroststic

waves are stimulated by electromagnetic VLF whistler-mode
waves propagating at low altitudes (less than 8,000 kilometers)
(Bell and Ngo in press a). This phenomenon is very common at
all latitudes, and theoretical models (Bell and Ngo in press b)
indicate that the electrostatic waves are stimulated when the
input electromagnetic waves scatter from small scale (less than
100 meters) magnetic-field-aligned plasma density irreg-
ularities. It is believed that the stimulated electrostatic waves
produce enhanced pitch angle scattering of energetic radiation
belt particles, resulting in enhanced particle precipitation. The
precipitated flux produces plasma density enhancements in the
ionosphere, and upward diffusion of thermal plasma from the
regions of enhanced ionospheric plasma density creates addi-
tional magnetic-field-aligned plasma density irregularities in
the magnetosphere. Thus, a feedback system is established
which tends to maintain plasma density irregularities and
which provides coupling between the magnetosphere,
ionosphere, and upper atmosphere.

An example of the electrostatic wave stimulation phe-
nomenon is shown in the figure. This data was acquired on the
isis-il spacecraft at a time when the subsatellite point was within
1,000 kilometers of Siple Station. The upper spectrogram of
panel a shows six swept-frequency transmissions from the Si-
plc Station transmitter as observed on the spacecraft. The lower
part of a shows the signals as transmitted atSiple. Because of the
presence of stimulated electrostatic waves, the bandwidth of the
received signals lies in the range 200-500 hertz, approximately
two orders of magnitude larger than the nominal bandwidth of
the transmitted signals.

The upper part of panel b shows six swept-frequency trans-
missions from Siple at a slightly later time when no electrostatic
waves were stimulated. The lower part of b shows the signals as
transmitted at Siple. It is clear that the bandwidths of the trans-
mitted and received signals are comparable. Theory (Bell and
Ngo in press b) indicates that the electrostatic waves can be
stimulated only when the frequency of the input wave is greater
than the local lower-hybrid-resonance (LHR) frequency
(Laaspere, Johnson, and Semprebon 1971). This requirement is
satisfied for the data shown in the upper spectrogram of panel a,
where the measured local LHR frequency is less than 3 kilohertz.
However, the requirement is not satisfied for the data shown in
the upper spectrogram of panel b, where the measured local
LHR frequency is higher than the frequency of the Siple trans-
mitter pulses.

Wave injection experiment planned for the 1987-1988 austral
summer will improve our understanding of the electrostatic
wave stimulation phenomenon and the magnetospheric-
ionospheric upper atmospheric coupling which results from it.

This research was supported in part by National Aeronautic
and Space Administration grant NGL 05-020-008, and in part by
National Science Foundation grant DPP 86-13783.
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