
were initiated during a 30-minute period. They originated
at a time when the Siple transmitted waveform was par-
ticularly rich in sideband structure. The event took place
under daytime conditions when amplitude anomalies such
as that shown in panel a could not normally be observed.
However, experiments of this kind are continuing with the
objective of identifying the effects of the particle precipita-
tion.

This research was supported in part by National Science
Foundation grants DPP 74-04093 and DES 75-07707, and in
part by Office of Naval Research grant NONR N0014-
67-A-0112-0012.
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Electron precipitation associated
with very low frequency chorus
and thunderstorm electric fields

T.J. ROSENBERG

Inst it utefor Physical Science and Technology
University of Maryland

College Park, Maryland 20742

Rosenberg (1976) reports the outcome of high-altitude
measurements of x-rays, direct-current electric fields, and
very low frequency (VLF) radiowavc emissions obtained near
Roberval, Quebec (48 0N. 72°W.) in July 1975. Data ob-
tained in that program have been further analyzed in col-
laboration with the Norwegian Institute of Cosmic Physics,
Stanford University, and the University of Houston. During
the last year two results of particular note have emerged
from these studies:

(1) Simultaneous conjugate observations of electron
precipitation (x-rays) and VLF radiowave emissions were ob-
tained at Siple Station, Antarctica (76°S. 84°W.) and
Roberval during a magnetic substorm on 15 July 1975. The
data reveal a detailed correlation between microburst-like
electron precipitation above Roberval and 2-4 kilohertz
risers (chorus) recorded at Siple. Signatures in the light ion

and VLF noise data, obtained by the isis-2 satellite near the
Siple-Roberval meridian, place the plasmapause at 3 to 3.5
earth radii from the equator (L = 3 to 3.5) during this
event.

Using wave propagation and electron bounce times (from
an equatorial interaction region) that are consistent with the
observed time differences (0 to 0.1 second) between in-
dividual chorus elements and microbursts and with the
energies of the precipitated electrons (50 to 150 kiloelectron
volts), the value Ne of 1 to 10 per cubic centimeter is ob-
tained for the equatorial plasma density at L = 4.1. This
density estimate is supported by observations of whistlers
propagating outside the plasmapause within approximately
1 hour of the event. These data appear to confirm that elec-
tron microbursts and associated VLF chorus originate in
near-equatorial cyclotron resonance interactions.

Also, the wave-particle environment beyond the plasma-
pause is evidently complex in that such detailed correlations
are transitory. Further, the data illustrate the difficulty of
establishing a detailed correspondence between individual
microbursts and chorus elements from simultaneous particle
and wave measurements confined to one hemisphere.

(2) Some aspects of the interrelationship of magneto-
spheric substorm- associated electron precipitation and
thunderstorm electric fields have been revealed by a balloon
flight on 9 July 1975. The balloon was instrumented with an
x-ray scintillation counter and a double-probe electric field
detector and was launched from Roberval at 0820 universal
time (UT). A magnetic substorm of greater than 500 gam-
mas amplitude was observed on the ground at Roberval
from 0810 to 1050 UT. The main onset of the expansion
phase occurred at about 0900 UT and the maximum change
in horizontal component occurred at about 0925 UT. During
this period a small thunderstorm was developing a few miles
south of Roberval. The first lightning stroke was observed
on the ground at 0926 UT.

The x-ray data indicate that the substorm-associated elec-
tron precipitation was highly structured in time and reached
a maximum between 1000 and 1030 UT. During this same
period, the rate of lightning stroke generation by the local
thunderstorm also reached maximum; 102 lightning strokes
of apparently local origin were observed during this period.
Examination of simultaneous x-ray data for all 102 strokes
indicates a complicated variety of responses. In some strokes
no response was evident, while other appear to have trig-
gered a small increase in precipitation. Superimposed epoch
analysis of all 102 strokes indicates a small average increase
in electron precipitation at about 0.5 seconds after the
stroke.

The research at the University of Maryland was partially
supported by National Science Foundation grant DPP
74-01704.
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