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Understanding how energy carried by the solar wind gets
deposited in the Earth's system of magnetic field, plasma, and
neutral atmosphere is one of the central questions of solar-
terrestrial physics. Clearly, the interaction is mediated by the
solar magnetic field embedded in the solar wind plasma and
the Earth's magnetic field which ultimately becomes stressed
and serves as an intermediate repository of energy. Spacecraft
measurements have indicated that segments of the Earth's
magnetic field on the dayside of the magnetosphere at radial
distances of about 10 Earth radii might become opened and
connected to the solar magnetic field carried by the solar wind.
These segments of magnetic field (identified only by the plasma
on them) will then be carried by the solar wind to the nightside
by convection through the magnetosphere where they again
become closed Earth field lines through the same process of
reconnection. With only limited spacecraft spatial coverage
within the vast volume of space identified as the magnetos-
phere (the volume containing the Earth's magnetic field), it is
virtually impossible to unambigiously sort out the complicated
topology of the above-described process known as flux-trans-
fer events. The hope is that ground experiments in the Arctic
and Antarctic might identify a signature for flux-transfer events
and then through multiple site observations be able to resolve
the physics of reconnection.

The reconnection process of a flux-transfer event should
launch a magnetohydrodynamic wave on the field lines that
have been opened or closed by the process. The closure of
current systems associated with these waves have been mod-
eled by Southwood (1985, 1987) and Lee and Fu (1985) and
result in ionosphere loop currents which produce definitive
magnetic signatures that should be detected by magnetometers
on the ground (Lanzerotti et al. 1986). An example of a possible

ground signature of a flux-transfer event is given in the top
two panels of figure 1. The large amplitude, one-cycle, long-
period wave is supposedly the signature. With the measure-
ment of these events by induction magnetometers, another
aspect becomes apparent, namely, the high-frequency (Pci)
wave superimposed on the long-period wave (Arnoldy, En-
gebretson, and Cahill 1988). The intent of this paper is to
present Viking satellite data which was magnetically conjugate
(according to the MACSAT magnetic field model) to the ground
station at Sondre Stromfjord, Greenland, at the time of the
flux-transfer event signature. The suite of satellite data consists
of magnetic and electric-field data along with charged particle
measurements. The analysis of this event is still in progress,
so only a preliminary summary of the results will be presented
here.

The bottom three panels o f figure 1 give the Viking magnetic
field data at an altitude of about 13,000 kilometers to the same
time scale as the ground magnetic field data. An analysis of
the combined satellite electric and magnetic field data indicates
that the large amplitude B-field fluctuations between 1330 and
1340 universal time probably are the lowest order mode res-
onant field oscillation because of the 90-degree phase differ-
ence between the two fields. While, on the other hand, the
large B-field fluctuations between 1350 and 1355 universal time
are in phase with E-field fluctuations suggesting that they may
be due to stationary field-aligned Birkeland currents, the so-
called "Mantle" Birkeland current. It is during this time that
other Viking detectors identify satellite passage through cusp
field lines. Charged-particle detectors measured the typical
low-energy electron precipitation and a plasma probe, sensing
the spacecraft potential, identified the time between 1350 and
1355 universal time as one of enhanced plasma density, again
typical of the cusp region.

There are two other measurements made by the Viking
spacecraft which are pertinent to this flux-transfer event study.
First, the high-frequency waves seen superimposed on the
ground event were also measured by the satellite magnetom-
eter, although they are not evident in the data presented in
figure 1. Dynamic spectrograms of both the ground and sat-
ellite event show that
• they had the same frequency profile,
• they lasted for the same duration,
• the satellite event occurred about 30 seconds earlier in time,

and
• finally, the spacecraft event was predominantly left polar-

ized while the ground event was a mixture of plane and
right polarization.
Second, the proton particle spectrometer measured V proton

events commencing at 1334 universal time. These particle events
have a V-shape on an energy versus time spectrogram which
can be interpreted as due to the dispersion of magnetosheath
ions in propagating from a localized injection region some 10
Earth radii from the satellite near the dayside magnetopause
(Burch et al. 1982).

In interpreting this data set, one must keep in mind that the
satellite will be magnetically conjugate to the ground station
only at one time; the satellite data mixes spatial with temporal
fluctuations; and finally, due to different distances of the two
observation points from a source region and from each other,
the propagation time of waves and particles must be taken
into account when doing any kind of timing study. Taking all
these considerations into account, the schematic in figure 2
presents a possible interpretation of this event. First, it is clear
that the magnetic signature of the flux occurs on magnetic
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Figure 1. Top two panels give ground pulsation data measured at Sondre Stromfjord, Greenland. To the same time scale as the second
panel from the top, the bottom three panels are the Viking satellite magnetic field data in magnetic north, east, and along B components.
(nT-Hz denotes nanotessla hertz. UT denotes universal time. MLT denotes magnetic local time. ALT denotes altitude. MAT denotes magnetic
latitude. L denotes Mcllwain L parameter. LAT denotes latitude. and LNG denotes longitude.)
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Figure 2. Schematic giving a possible interpretation of the event.
(FTE denotes flux-transfer event.)

fields below the cusp (closed?). Second, there is evidence of
reconnection in that magnetosheath plasma appears on these
field lines and can be timed along with the flux-transfer event
to a reconnection time or injection at 1330 universal time. Fi-
nally, with the combination of space and ground data it ap-
pears fairly certain that the high frequency Pci event was clearly

a temporal event and its timing places its origin near the mag-
netopause but on field lines almost a degree equatorward from
the flux-transfer event. This interpretation is consistent with
the location of its satellite measurement and polarization. The
satellite measured the original Alfven (left polarized) wave
while the ground station sensed it via horizontal ducting (hence
a mixture of right and plane polarization). This data set is very
interesting and still remains under analysis.

This research was sponsored at the University of New
Hampshire, Augsburg College, and the University of Min-
nesota by National Science Foundation grant DPP 86-13272.
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Simultaneous lightning-associated
precipitation

of radiation belt-electrons into the
Northern and Southern hemispheres

W.C. BURGESS and U.S. INAN

Space, Telecommunications and Radioscience Laboratory
Stanford University

Stanford, California 94305

Recent very-low-frequency radio recordings at Palmer Sta-
tion and at Arecibo, Puerto Rico, provide the first ground-
based evidence that individual lightning flashes can induce
bursts of high-energy electrons to precipitate from the radia-
tion belts into both Northern and Southern hemispheres.

Certain characteristic perturbations of subionospherically
propagating very-low-frequency signals have been attributed
to transient patches of excess ionization generated in the lower
ionosphere when struck by bursts of energetic (40 kiloelec-
tronvolt to 1 megaelectronvolt) radiation belt electrons (Hel-

liwell, Katsufrakis, and Trimpi 1973; Carpenter et al. 1984; man
and Carpenter 1986, 1987). These electrons, normally trapped
in stable orbits by the Earth's magnetic field, precipitate from
the radiation belts as a result of interactions with magnetos-
pheric radio waves ("whistlers") which are launched by light-
ning. Significant perturbation of a subionospheric signal is
thought to result only when excess ionization occurs on or
near the signal's great-circle propagation path (man et al. 1988;
Poulsen, Bell, and man in preparation). Until now, there was
no evidence of association between individual ionospheric per-
turbations observed in the north and in the south.

The simultaneous signal perturbations illustrated in figure
1 were recorded between 0954 and 0958 universal time on 21
March 1989. The amplitude of a 23.4 kilohertz signal from the
U.S. Navy transmitter in Hawaii (NPM) was measured at Pal-
mer Station. The amplitude of a 48.5 kilohertz signal from the
U.S. Air Force transmitter in Nebraska was measured at Are-
cibo, Puerto Rico. As the map in figure 2 shows, the great-
circle propagation paths of these two signals come no closer
than about 5,500 kilometers to each other (the distance between
the transmitters); however, both paths do cross regions, shown
encircled on the map, which are geomagnetically conjugate to
each other. Of 46 perturbations measured at Arecibo between
0930 and 1000 universal time, 44 occurred within 800 millisec-
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