
this wave field will experience a doppler broadened signal of
bandwidth Af, where typically zf approximately equals 10-100
hertz. Components of this multiple path wave structure will
interfere over a time scale T equals approximately 1/sf, limiting
the time available for interaction. This suggests that coherent
interactions between energetic electrons and non-ducted Siple
transmitter signals in the magnetosphere take place over much
shorter distances than the 1,000-2,000 kilometers hypothesized
for the case of ducted signals (Helliwell 1967). Such a reduction
might account for the less frequent occurrence of emissions
triggered by non-ducted signals.

The existence of multipath propagation also implies that mag-
netic field-aligned irregularities commonly exist in the
ionosphere over Siple Station with horizontal scales of 1-10
kilometers and plasma density variations of a small percentage.
Thus, the satellite data can be used as a diagnostic tool to study
the cold plasma distribution in the ionosphere.

In the future, it is planned that new ISEE-1 satellite measure-
ments will be carried out during Siple Station wave-injection
experiments to further increase our understanding of interac-
tions between non-ducted coherent VLF waves and energetic
particles in the ionosphere and magnetosphere.

This research was sponsored by the National Aeronautics and
Space Administration under grants NAS5-25744 and NGLr05-
020-008.
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Particle precipitation at high latitudes

W. B. GAIL

STAR Laboratory
Stanford University

Stanford, California 94305

Particle precipitation is an important mechanism for energy
transfer between the magnetosphere and the ionosphere.
Trapped radiation belt particles that normally mirror above the
ionosphere can interact with waves and be showered into the
ionosphere where they collide with atmospheric neutrals. Sub-
ionospheric very-low-frequency (VLF) signals are perturbed by
the resultant density enhancements and thus provide a sen-
sitive method for observing particle precipitation. At lower lati-
tudes, whistlers often precipitate particles in this manner in
what are known as "Trimpi" events. Recently, Dingle and Car-
penter (1981) reported several events at higher latitudes during
which VLF signal perturbations were associated with bursts of
VLF noise.

On several days in July 1982, a continuous wave (cw) signal at
3.8 kilohertz was transmitted from Siple Station to South Pole
Station to study precipitation along high latitude paths. The
path from Siple to South Pole is particularly good for this type of
study because it lies entirely at the latitudes of interest and is not
subject to competing ionization from sunlight for long periods.

Figure 1 shows a sequence of events seen on 14 July 1982. The
two spectrograms at the top are broadband-VLF recorded at
South Pole Station in the bands 0-5 kilohertz and 0-1.5 kilo-
hertz. The top chart is the amplitude of the subionosphenc
Siple transmission received at South Pole Station. The bottom
chart is the amplitude of VLF noise in the band 0.7-1.3 kilohertz.

The noise bursts indicated by the arrows correspond closely to
increases in the Siple signal amplitude. During the first event,
the signal amplitude increased by 3 decibels in 12 seconds,
implying that precipitation continued throughout much of the
noise burst. The second and third events had smaller increases
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Figure 1. Perturbation of the Sipie Station transmitter signal ob-
served at South Pole Station: (a) Spectrogram showing frequency
versus time with amplitude shown by darkness; (b) Same as (a) with
expanded frequency scale; (c) Amplitude of the subionospheric
Sipie Station transmitter signal received at South Pole Station; (d)
Amplitude of VLF noise in the band 0.7-1.3 kilohertz. Both (c) and (d)
were integrated with a 0.3 second time constant. The three events of
Interest are indicated with arrows. The constant tone near 4 kilohertz
Is the Siple continuous wave signal and the break prior to 1540
universal time Is for recording of the wwv time standard broadcast.
("ii.V/m" denotes microvolts per meter; "kHz" denotes kilohertz;as 	denotes universal time.)
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Figure 2. Perturbation of the Siple Station transmitter signal ob-
served at South Pole Station: (a) Spectrogram showing frequency
versus time with amplitude shown by darkness; (b) Amplitude of the
subionospheric Siple transmitter signal received at South Pole; (c)
Amplitude of very-low-frequency noise In the band 0.7-1.3 kilohertz.
Both (b) and (c) were integrated with a 0.3-second time constant.
("1i.V/m" denotes microvolts per meter; "kHz" denotes kilohertz;
is 	denotes universal time.)

and shorter rise times, possibly indicating that most of the
available particles were precipitated by the first noise burst.

Figure 2 shows a different event on an expanded time scale.
The amplitude increase in the Siple signal is clearly associated
with the short-duration noise burst that occurred around

1542:27 universal time (UT). The signal increased by 2 decibels in
5 seconds. Since the noise burst itself was only 2 seconds long,
the precipitation must have been prolonged by particle echoing
or some other mechanism.

The particles precipitated during these events are thought to
be electrons with energies of at least 100 kiloelectronvolts. This
is consistent with previous observations. To account for the
precipitation of such energetic particles by waves with frequen-
cies of 0.5-1.0 kilohertz, however, the wave-particle interactions
must take place at much higher latitudes than even those ob-
served by Dingle and Carpenter (1981). In addition, the events
on 14 July 1982 indicate that precipitation at these latitudes may
consist of both slowly varying events (figure 1) and impulsive
events (figure 2). The amplitude of the Siple signal received at
South Pole Station and the amplitude of the natural noise in the
band 0.5-1.0 kilohertz are well correlated on this day, suggest-
ing that the ambient magnetospheric wave level may play a
primary role in determining the variations if not the absolute
level of subionospheric signals.

The wintering scientists involved with this work were M.
Dermedziew and T. Wolfe at Siple Station and J. Dalton at South
Pole Station. This work was supported by National Science
Foundation grants DPP 82-18219, DPP 83-17092, and DPI'
80-22282.
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Hydromagnetic and very-low-
frequency wave studies at the South

Pole

L. J. LANZEROTTI, C. G. MACLENNAN, and L. V. MEDF0RD

AT&T Bell Laboratories
Murray Hill, New Jersey 07974

D. L. CARPENTER

STAR Laboratory
Stanford University

Stanford, California 94035

As a part of the concentrated United States program at South
Pole Station to investigate in detail the southern magne-
tosphenc cusp region, we have begun magnetic field and very-
low-frequency (VLF) measurements in cooperation with other
U.S. investigators involved with complementary studies. The
intent of the magnetic field and VLF research is to intensively
examine geophysical wave phenomena in the southern polar
cap and cusp region of the magnetosphere. The magnetic field

measurements, made with fluxgate magnetometers, cover the
frequency range from approximately 0.5 hertz to 0 hertz while
the VLF measurements, made with a loop antenna, cover the
range from approximately 0.5 to approximately 50 kilohertz, in
several narrow bands. The analog magnetometer data (three
magnetic components) and the narrow-band VLF signals are
digitized at 1-second intervals and written in computer-com-
patible format on magnetic tape using the University of Mary-
land data-acquisition system (Rosenberg and Detrick, Antarctic
Journal, this issue).

The magnetic field lines originating in the south polar region
can be either closed, connecting to the opposite hemisphere of
the Earth, or open to interplanetary space, where they are
probably interconnected with the interplanetary (solar) mag-
netic field. The field configuration at the South Pole is a strong
function of magnetic local time and of the conditions of the solar
wind (which determine the overall configuration of the magne-
tosphere). During local night, the South Pole is on magnetic
field lines that are often open, whereas during local day hours
the field lines can be open or closed depending on solar-wind
conditions. The solar-wind parameters which control open and
closed dayside magnetospheric field conditions over the South
Pole are as yet incompletely understood but are related to the
conditions of the solar-wind plasma and the embedded mag-
netic field. In this report, we draw attention to the observation
of the occurrence of simultaneous narrow-banded periodic van-
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