
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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0954:00 UT	 0955:00 UT	 0956:00 UT	0957:00 UT	0958:00 UT

48.5 at AR 21 Mar 89 50 Hz 8 p1 blk

	

0954:00 UT	 0955:00 UT	0956:00 UT	0957:00 UT	0958:00 UT

NPMIIPA 21 Mar 89 50 Hz 8ptblk

Figure 1. The amplitudes of subionospheric signals from a 48.5-
kilohertz U.S. Air Force transmitter (48.5) to Arecibo, Puerto Rico
(AR) and from a 23.4-kilohertz U.S. Navy transmitter in Hawaii (NPM)
to Palmer Station, Antarctica (PA), are perturbed simultaneously
despite distances between the two great-circle signal paths which
are nowhere less than 5,500 kilometers. This effect is attributed to
energetic electrons being induced out of the radiation belts in geo-
magnetically conjugate locations by a single lightning flash. The
amplitude scales are in percent of full-scale range, with zero rep-
resenting absence of signal. (UT denotes universal time. Hz de-
notes hertz.)

onds of a similar perturbation observed at Palmer Station. Sim-
ilar activity took place during the time prior to and after the
period shown, as well as on the preceding and following days.

The remarkable simultaneity of these events can be under-
stood as follows. While trapped, the electrons bounce between
Northern and Southern hemispheres, reflecting or "mirroring"
when encountering the stronger magnetic field near the Earth.
After being scattered by a whistler, some electrons may mirror
one or more additional times before precipitating, so that a
single whistler could cause electron precipitation into both
hemispheres. This effect has been suggested by satellite ob-
servations (Voss et al. 1984). Differences that exist between
the northern and southern geomagnetic fields could contribute
to the effect by increasing the likelihood of scattered electrons
precipitating in the south, even after mirroring in the north
(man, Wolf, and Carpenter 1988).

Future ground-based observations of magnetically conjugate
precipitation may provide long-term information on the be-

havior and content of the radiation belts. Comparison of si-
multaneous signal perturbations could yield clues about solar
effects and electron populations in the radiation belts. It is
important to note in this respect that the events shown oc-
curred a few days after one of the biggest geomagnetic storms
since quantitative records began in 1868 (Joselyn and McIntosh
1989).

This research was supported by the National Science Foun-
dation under grant DPP 86-11623 and by the Office of Naval
Research under grant N00014-82-K-0489.
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Figure 2. This map shows the great-circle signal paths from the two transmitters (48.5, NPM) to the two receivers (AR, PA). Lines of constant
geomagnetic latitude are drawn in both Northern and Southern hemispheres for reference. A circle of 1,000 kilometers diameter has been
drawn on the NPM-PA path in the Southern Hemisphere, and the geomagnetic conjugate of this circle has been drawn in the Northern. Not
only does the conjugate circle lie directly on the 48.5-AR path, it encloses a known region of strong and common lightning activity which
could have served to 'trigger" the precipitation of radiation-belt electrons into both hemispheres.
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