
Helliwell, R. A., Katsufrakis, J . P. and Trimpi, M. L. 1973. Whistler-
induced amplitude perturbations in VLF propagation. Journal of
Geophysical Research, 78(22), 4679.

Rosenberg, T. J., Helliwell, R. A. and Katsufrakis, J. P. 1971. Elec-
tron precipitation associated with discrete very-low-frequency
emissions. Journal of Geophysical Research, 76(34), 8445.

References

Doolittle, J. H., Armstrong, W. C., Katsufrakis, J . P., and Carpenter,
D. L. 1978. Wave-induced particle precipitation effects at Siple
Station. Antarctic Journal of the U. S., 13(4), 204-206.

Direct observation of mlcroburst
electron characteristics
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University of Maryland

College Park, Maryland 20742

Electron microbursts are fluxes of precipitating energetic
electrons (tens to hundreds of kiloelectron volts) of du-
ration approximately 50 to 500 milliseconds. Microbursts
are a well-defined phenomenon, as yet poorly understood,
expected to be observed in the Siple Station rocket-balloon
program that was postponed to summer 1980-81. Here and
in another paper in this volume we outline progress made
by the University of Maryland group in understanding
microbursts and related events.

In the companion paper, Siren, Rosenberg, Detrick, and
Carpenter (Antarctic Journal U.S., this volume) discuss new
results on the relationships between microbursts and vu
chorus. The present note outlines some characteristics of
the precipitating particles themselves as directly observed
from a sounding rocket. A brief report of these observa-
tions was published by Matthews and Simons (1973), and
Rosenberg, Foster, Matthews, Sheldon, and Benbrook
(1977) reviewed what is known about microbursts; the lat-
ter paper should be consulted for further references.

The rocket observations were made in May 1972 from the
Andbya Rocket Range, Norway, in the aurora! zone. The
observed properties should also be characteristic of bursts
in the lower geomagnetic latitude of Siple Station and its
magnetic conjugate point, Roberval, Canada.

In the rocket data about 80 microbursts were found,
typically distributed in duration and grouping. What fol-
lows is a summary of those features of the observations
which I consider both new and typical.

1. Maximum energy. Electrons up to at least 600 kilo-
electron volts (keV) are precipitated in strong microbursts.

2. Energy spectrum. The measurable spectrum (50 to 300
keV) cannot be described by a single power law or ex-
ponential but hardens at the higher energies. Up to about
200 keV an e-folding energy of 50 keV fits the strongest
bursts; in these the integral flux from 50 to 300 keV ap-

proaches 108 per square centimeter per second. The bursts
emerge from a background flux with an e-folding energy of
approximately 20 keV. The background is about half the
burst intensity at 50 keV and zero above 200 keV. The
integral flux at background is still considerable at approxi-
mately 2 X 107 per square centimeter per second.

3. Pitch-angle distribution. The angular distribution of
downcoming electrons can be described by a flatness
parameter which increases with the flux. At background
this parameter, which is (flux (30°)/flux (85°)), is less than
0.3, but at maximum flux it equals or exceeds unity, even at
the highest energy (300 keV), that is, the flux becomes very
nearly isotropic.

These results show that an approach to strong diffusion
is occurring in the microburst process up to surprisingly
high energies, corresponding to low resonant frequencies.
(No radiowave data are available.)

Cross-correlation analysis has yielded two results. In a
comparison of burst components of the same energy but
different pitch angles, hence different parallel velocities,
the bursts are found to have originated at an altitude greater
than about one earth radius. However, when one compares
different energies at the same pitch angle, one finds that the
more energetic component arrives significantly later than
the less, and is of shorter duration. This implies a growth
rate for the operative instability that decreases with in-
creasing energy.
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