
pression by whistlers is a relatively common magnetospheric
phenomenon. The evidence indicates (Helliwell et al. 1980) that
whistlers interact with the particles that are believed to produce
natural VLF noise. Theory predicts that particles should be scat-
tered out of their existing magnetospheric orbits during this
interaction (Roberts 1966). It is possible that such a change in the
particle population along the path results in the type of tran-
sient noise reduction that is observed.

The events observed at Siple on 24 July 1977 (figure 2) were
also correlated on a one-to-one basis with particle precipitation
events seen by a photometer. Particle precipitation is an area of
much interest, because it represents a mechanism for transfer-
ring energy from the magnetosphere to the ionosphere. Pre-
cipitation can create ionospheric irregularities that affect both
ground and satellite communications. The 24 July events from
Siple not only provide support for the wave/particle interaction
model but also suggest that suppression may be a driving mech-
anism for particle loss from the magnetosphere.

It is possible that suppression events are a natural analog to
the quiet-band effect (Raghuram et al. 1977), in which portions
of noise bands were found to be attenuated by Siple transmitter
signals. Both effects are particularly interesting because they
involve interactions between coherent and incoherent waves.
Present theories of wave/particle interactions use different mod-

els for coherent and incoherent waves, and it is hoped that
suppression events will help to reconcile these models.
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Since its discovery at Eights Station, Antarctica, in 1963 by VLF

(very-low-frequency) observer Michael Trimpi, the so-called
"Trimpi effect" (Helliwell, Katsufrakis, and Trimpi 1973) has
developed in importance as a method for studying the process
by which natural and man-made waves injected into the Earth's
magnetosphere induce particle precipitation events. In these
events, the motions of energetic electrons in trapped orbits
along the Earth's magnetic field are perturbed by waves in such
a way that the electrons become untrapped, reaching altitudes
near 100 kilometers or less, where they interact with the upper
atmosphere to produce enhanced regions of ionization. When
this happens at nighttime and near 80 kilometers, the patches of
enhanced ionization can induce disturbances in the observed
amplitude and phase of subionospherically propagating signals
from communication and navigation transmitters (e.g.,
Helliwell et al. 1973; Lohrey and Kaiser 1979). Thus the occur-
rence of a Trimpi event typically appears to a field observer as a
fast (approximately 1-second) change in the level of a signal, say

NSS (station call letters, Annapolis, Maryland) at 21.4 kilohertz,
at the time of reception of a lightning-induced whistler.

Recent research based on observations at Palmer and Siple
Stations has provided new information on the driving waves,
including, for example, evidence that the size of the sub-
ionospheric change is proportional to the amplitude of the
correlated whistler (Carpenter and LaBelle 1982).

While previous work has focused upon subionospheric sig-
nals in the 17-24-kilohertz range, a current observational pro-
gram at Siple and Palmer is devoted to study of Trimpi effects at
frequencies in the low- and medium-frequency (LF and MF)

bands from approximately 30 kilohertz to approximately 1
megahertz. The Antarctic is ideal for such work; the observable
spectrum is relatively uncrowded and hence there are relatively
few problems with multiple sources at frequencies of interest.

Trimpi event occurrences on a southern hemisphere source at
37.2 kilohertz are reported to be more frequent than on signals
near 20 kilohertz. Of particular interest is the fact that well-
defined perturbations have also been seen on 780- and 800-
kilohertz signals originating in South America. Figure 1 shows
an example of perturbations recorded at Palmer on a wide range
of frequencies from 12.9 kilohertz to 780 kilohertz. The top
record displays the phase of the Argentine Omega transmitter,
while the others show amplitude. On the first four records,
covering 12.9 kilohertz to 37.2 kilohertz, changes occur simul-
taneously and are consistent in sign within a given record. The
changes exhibit recovery time constants in the range approx-
imately 30-60 seconds as reported previously for signals near 20
kilohertz by Helliwell and others (1973). In contrast, the 780-
kilohertz record at first shows no clear changes until about 0546
universal time. Then mixed negative and positive changes oc-
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Figure 2. Palmer Station records showing the occurrence of fast
(approximately 2-second) amplitude changes on a 780-kilohertz
sublonospheric signal (top panel) coincident with the reception of

780kHz multi-component whistlers (0-10 kilohertz spectrograms). In the
upper part of the two expanded whistler records a voltage controlled
oscillator (vco) representing the 780-kilohertz signal is displayed on
a vertically compressed scale.

Figure 1. Section of chart record from Palmer Station showing si-
multaneous perturbations on subionospheric signals ranging in
frequency from 12.9 kilohertz (top panel) to 780 kilohertz.

cur until about 0600 universal time, after which the changes are
negative until the end of the record. The changes correlated
with those in the other records are large, on the order of 50
percent in amplitude, and are clearly much faster than most
other variations in the 780-kilohertz data. However, they are not
followed immediately by exponential decay to an approximately
pre-event level, as in the VLF-LF cases shown. Instead there are
brief periods of roughly constant amplitude which last approx-
imately 30 seconds or longer, followed, in this particular case,
by rising trends.

Figure 2 shows an example of a correlation between whistlers
and several strong perturbations in a 780-kilohertz signal re-
corded at Palmer. The upper two panels compare 780-kilohertz
signal amplitude with the 0-10 frequency-time spectrum of
whistlers recorded during a 2.5-minute period. Arrows above
the record show the times of signal-level chznges that coincide
with strong multi-component whistlers. Two of these whistler
events are shown on an expanded record below; their times of
origin are marked by arrows. The second event included two
closely spaced whistlers.

Wave reflection heights and conditions for reflection in the
ionosphere are frequency-dependent, facts that will permit us
to investigate properties of ionospheric perturbations as a func-
tion of altitude. There is much variety in the events in terms of
occurrence on multiple frequencies, observation at multiple
ground stations, and occurrence on paths from various great
circle directions. This information will be used in ongoing stud-
ies of the spatial distribution of the ionospheric perturbations
induced by individual whistlers.
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