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Suppression of natural VLF noise by
whistlers

W. B. GAIL

Starlab
Stanford University

Stanford, California 94305

Radio waves in the very-low-frequency (VLF) portion of the
electromagnetic spectrum (approximately 3-30 kilohertz)
provide a very useful tool for studying the Earth's magne-
tosphere. VLF waves originating in one hemisphere can propa-
gate outward along the Earth's dipole-like magnetic field lines
and return along the same field lines to the opposite hemi-
sphere. The transformation of the waves as they propagate
along these paths reveals much about the Earth's near-space
environment.

Lightning is a copious source of VLF wave energy. Lightning-
generated VLF waves are dispersed in frequency as they travel
through the magnetosphere; they arrive at the opposite hemi-
sphere as 1-2-second-long gliding tones known as whistlers.
VLF waves are also produced independently within the magne-
tosphere, often appearing as frequency-limited noise bands
which persist for several hours. It is believed that these waves
are produced by high-energy particles trapped in the Earth's
magnetic field.

It has been known for many years that whistlers can act as
triggers to generate some types of magnetospheric noise.
Helliwell and others (1980) demonstrated that whistlers can also
attenuate portions of these naturally occurring noise bands.

Broadband tape recordings of VLF noise at Siple Station in Ant-
arctica and Roberval in Quebec on 24 July 1977 showed distinct
reductions in the noise signal strength for a period of 10-20
seconds following a number of whistlers. A recent analysis of
data from South Pole, Palmer, and Byrd Stations in Antarctica as
well as Siple has revealed that this whistler-induced suppres-
sion process is far more common than previously suspected.
Data acquired at South Pole during 1981 showed suppression
events on 20 percent of all winter days; similar events have now
been identified on 5 percent of all days at Siple during 1977,
1978, and 1980.

Figure 1 shows a real-time chart recording of two typical
events observed at the South Pole during 1981. The amplitude
of the VLF noise in the 1-2-kilohertz band is plotted as a function
of time. The ambient noise amplitude indicates the level of
naturally occurring VLF noise. In both events, the arrival of a
whistler, indicated by a large impulsive increase in the chart
trace, was followed immediately by a transient reduction in the
natural noise level.

Figure 2 illustrates a similar event observed at Siple Station. In
figure 2a, an amplitude chart similar to that of figure 1 shows a
period of 10 minutes during which several events were ob-
served. Figure 2b is an expanded section of figure 2a for a
particularly well-defined event, and figure 2c is the correspond-
ing spectral record. In this event, a band of naturally occurring
noise in the range 2-4 kilohertz was suppressed for approx-
imately 10 seconds by the whistler that occurred at 1126:42
universal time. The decrease in noise level is indicated by the
reduced darkness of the 2-4-kilohertz band in the spectral rec-
ord and a similar reduction in the chart amplitude. Both records
show that the natural noise recovered to the pre-event level by
1126:52 universal time.

The similarity of other suppression events to these examples
and the high occurrence rate lead us to believe that noise sup-
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Figure 1. Chart record from South Pole Station showing two whistler suppression events. Noise amplitude in 1-2-kilohertz band is displayed vs.
time.
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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.

This work was supported by the National Science Foundation
grants DPP 79-23171, DPP 79-24600, DPP 80-22282, and DPP

80-22540. Field work was conducted by W. Gail (1980-1981)
and, among others, W. Armstrong (1976-1977 and 1978-1979),
and J. Doolittle (1976-1977). The manuscript was prepared by K.
Faes.
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Whistler-induced perturbations of
broadcast band signals
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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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