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tion experiments. These measurements will be of great value
in expanding our knowledge of how waves and particles inter-
act in the Earth's environment.

This research was supported by National Aeronautics and
Space Administration grants NAS 5-25744 and NGL-05-020-008.
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The correlation of ultra-low-frequency (uLF) waves with par-
ticle precipitation has long been recognized as a very inter-
esting geophysical phenomenon that apparently results from
the interaction between waves and particles in the magneto-
sphere. Although the integrated wave energy in the magneto-
sphere is small compared with that in the particle population,
wave-particle interactions could be significant in particle
acceleration and losses, in wave growth, and in the modifi-
cation of such plasma parameters as collision frequency and
resistivity.

This report presents two different types of ULF-photometer
correlations. The first type is a prompt (within a few seconds)
correlation between Pi 1 (irregular pulsation category 1) and
auroral light bursts. Figure 1 gives the horizontal components
of dB/dt (i.e., the derivative of magnetic field B with respect
to time); the component along B was negligible. Also given is
the output from the 5577-angstrom Lockheed photometer
viewing vertically with a 100 entrance aperture for 4 minutes
on 21 August 1979. The vector direction of the horizontal dB/
dt signal is given by the angle measured positive north of
west. The figure clearly shows that only when the direction of
dB/dt was southwest, or when the disturbance field AB was
directed to the southwest, were the pulsations correlated with
light bursts. Equally large AB directed to the northwest
occurred but was not accompanied by a light burst. This rather
unique association of particle precipitation with a disturbance
field in one direction is a consistent feature seen in approxi-

mately a dozen such events recorded in 1979 with the favored
direction always southwest or west. We would like to make
brief comments about possible interpretations of this type of
photometer-Pi 1 correlation.

1. Local current model. In this model the micropulsations
are the ground-level magnetic signature of an ionospheric
current system enhanced or generated either as a result of an
impressed electric field or an increased ionospheric conduc-
tivity due to particle precipitation. The origin of the particle
precipitation and/or electric field is not addressed in this
model. For events like the one discussed here, one needs an
ionospheric current directed toward the north-northwest.
Such acurrent system has been attributed to the quasi-periodic
poleward propagation of on-off switching aurora as observed
with auroral iv by Oguti and Watanabe (1976). These pole-
ward-propagating auroral particles were observed by Oguti
and Watanabe in the dawn post-breakup aurora and were
concurrent with magnetic pulsations having approximately a
10-second period. The date of figure 1 are inconsistent with
this model in at least one respect. If the auroral light burst is
responsible for the local ionospheric current, then the ground

B field will rise with time approximately as the light burst.
The micropulsation signal is the time derivative of AB; hence,
it would not track the light burst as it is observed to do in
figure 1.

2. Equatorial wave-particle interaction. In this model, wave
growth in the equatorial plane is at the expense of particle
energy; hence, particles are moved into the loss cone and
precipitated. Pi 1 (sip) has been observed by satellite sensors
in the equatorial plane at synchronous orbit associated with
the onset of substorms (Shepard et al. 1980). Because the wave-
length of the observed Pi 1 is only a fraction of the distance
from the ionosphere to the equator, it is unlikely that the wave
is a standing mode. However, for a propagating wave, there
should be a delay of a few tens of seconds between the particle
precipitation and the arrival of the wave at the ionosphere,
and this is not observed.

3. Local particle precipitation. In this model, the magneto-
spheric waves incident on the ionosphere lower the mirror
point of local particles. A similar model involving ionospheric
current feedback has been suggested by Maehlum and O'Brien
(1968). The serious problem with this mechanism is that the
ground AB measured is only a few gamma in amplitude. Even
allowing large ionospheric attenuation, the signals above the
ionosphere still would be very small compared with the mag-
nitude of the local field and would be of questionable effec-
tiveness in the precipitation of particles. The ULF-photometer
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Figure 1. X and V dB/dt micropulsation signals along with 5577-angstrom photometer. / gives the vector direction of dB/dt.
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Figure 2. Siple and Roberval X component pearls along with Siple 5577-angstrom photometer. The Sipie pearls are linear polarized, while
those at Roberval are left circular.
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correlation of the second type we wish to discuss does, how-
ever, provide further evidence for this model.

In earlier papers, Cahill, Arnoldy, and Mende (1980) and
Mende and associates (1980) reported 4278 angstrom light
bursts delayed by tens of seconds from the arrival of Pc 1 pearl
wave packets at Siple. Figure 2 gives similar data recorded at
Siple and Roberval on 18 August 1979. The numbers are an
attempt to identify bouncing wave packets. The bounce period
of 137 second is verified by an auto-correlation analysis of both
the Siple and Roberval data. The Siple photometer bursts iden-
tified with the wave packets are delayed by nearly half this
bounce period. Five similar events we have studied have
revealed a light-burst delay equal to half the wave packet
bounce period. Although Mende and associates (1980) and
Cahill and associates (1980) have demonstrated that a wave-
ion interaction near the equatorial plane can satisfy the timing
of the event, the production of the light by the ions has been
of concern (Mende et al. 1980). If one attributes the light pro-
duction to electrons, then the delay of half a wave-bounce
period suggests a model in which the wave packet modifies
pitch angles at or near the conjugate (Roberval) ionosphere
such that electrons are precipitated at Siple. The much lower
mirror point at Siple (due to the South American anomaly)
requires only a very small pitch angle change at Roverval to
cause electron loss at Siple.

In summary, the detail of the Siple geophysical data has
revealed some interesting aspects of the wave-particle precip-
itation correlation.

This research was supported by National Science Founda-
tion grants DPP 79-23294 and DPP 71-01668.

References

Cahill, L. J., Jr., Arnoldy, R. L., and Mende, S. B. 1980. Further
evidence of wave-particle interaction in the magnetosphere. Ant-
arctic Journal of the U.S., 15(5), 215.

Maehlum, B. N., and O'Brien, B. J. 1968. The mutual effect of precip-
itated auroral electrons and the auroral electrojet. Journal of Geo-
physical Research, 73, 1679.

Mende, S. B., Arnoldy, R. L., Cahill, L. J . , Jr., Doolittle, J. H., Arm-
strong, S. C., and Fraser-Smith, A. C. 1980. Correlation between
X4278-A° optical emissions and a Pc 1 pearl event observed at Siple
Station, Antarctica. Journal of Geophysical Research, 85, 1194.

Oguti, T., and Watanabe, T. 1976. Quasi-periodic poleward propa-
gation of on-off switching aurora and associated geomagnetic pul-
sations in the dawn. Journal of Atmospheric and Terrestrial Physics,
38,543.

Shepard, G. C., Boström, R., Derblom, H., Fälthammer, C. G., Gen-
drin, R., Kaila, K., Korth, A., Pedersen, A., Pellinen, R., and Wren,
G. 1980. Plasma and field signature of poleward propagating auroral
precipitation observed at the foot of the GEOS 2 field lines. Journal of
Geophysical Research, 85, 4587.

Active and passive VLF experiments
at Siple Station, 1980-1981
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The scientific objectives of the 1980-81 rocket-balloon cam-
paign at Siple included: study of the manner in which the
Siple very-low-frequency (VLF) transmitting system illumi-
nates the lower ionosphere, study of the penetration of the
ionosphere by upgoing and downgoing VLF signals, compar-
ison of natural and manmade wave activity recorded within
the ionosphere and at conjugate ground stations, and inves-
tigation of the feasibility of VLF direction-finding (OF) at a site
away from the main Siple Station. During the campaign,
approximately 300 separate VLF transmissions lasting from
minutes to hours were made in connection with rocket and
balloon flights, ground-satellite propagation studies, Siple-to-
Roberval probing studies, and special transmitter experiments
involving Palmer and Halley Stations. In addition to regular
passive recording at the main station, J . Billey set up and
operated a VLF direction-finding system (Leavitt et al. 1978) 3
miles magnetically south of Siple. Following are a few high -
lights of the campaign activity.

Transmissions during Nike-Tomahawk flights. The transmitter
operated throughout each Nike-Tomahawk flight (12 and 20
December and 10 January 1981) using combinations of contin-
uous wave, 1-second pulses, and frequency ramps. The figure

shows frequency- (2.2-5.2 kilohertz)-versus-time records
from the 10 January flight when the rocket was at peak alti-
tudes. The middle record, from the Siple main station, shows
initially the format of a 5-second descending frequency ramp
from the Siple transmitter. Reception of natural wave activity
then began, and a two-hop echo of the ramp was observed,
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Spectrograms from 10 January 1981 when the rocket payload was
near peak altitudes. The rocket (N-T Br), Siple (Si), and Roberval
(Ro) records show a 5-second descending frequency ramp, trans-
mitted from Sipie, followed by a one-hop signal at Roberval and
two-hop echoes at Siple and on the rocket. The horizontal lines In
the no record are due to local power line interference at the Rob-
erval main station.
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