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stagnate for 1-2 hours at intervals of approximately 6 hours as
if it had encountered the nodes of a wave propagating slowly
in the azimuthal (westward) direction. Continuous measure-
ment of winds at the 10-millibar level in the atmosphere over
Antarctica (at 76°S) for extended intervals is rare, if not non-
existent. Thus, these results may have significance for mete-

orologists concerned with the dynamics of the polar strato-
sphere.

This work was supported in part by National Science Foun-
dation grants DPP 79-25014 and DPP 80-12901 and by Office of
Naval Research contract N00014-77-C-0423.

Whistler mode waves above the
Siple Station VLF transmitter
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The Earth is surrounded by a region of plasma that radically
affects the propagation of low-frequency electromagnetic
radiation. The plasma consists of two components—a low
energy (thermal) component, which is responsible for the real
part of the very-low-frequency (VLF) dispersion relation, and
an energetic component, which is responsible for the imagi-
nary part of the VLF dispersion relation. The thermal plasma
produces the dispersion characteristics of whistlers, while the
energetic plasma produces VLF wave amplification. By a quirk
of nature, the optimal position on the surface of the Earth to
observe the effects of both the thermal and energetic plasma
on VLF signals is Siple Station. This has been verified by Hel -
liwell and Katsufrakis (1974). To gain a better understanding
of the physics of the wave-particle interaction between thermal
plasma, energetic plasma, and VLF signals, a program to mea-
sure the VLF signals and energetic plasma in situ above the
Siple transmitter was undertaken.

The experiment involves three identical sounding rocket
payloads. Each payload contains instrumentation to measure
plasma particles (University of Maryland) and VLF wave electric
and magnetic fields (Cornell University and University of
Southampton). The payloads were mounted on two-stage
sounding rockets and launched from Siple Station to an alti-
tude of roughly 200 kilometers. The launch times were chosen
to coincide with periods of both natural VLF activity and VLF
emissions stimulated by the Siple transmitter. We describe
here preliminary results from the VLF electric and magnetic
field receivers.

One goal of the sounding rocket campaign was to obtain
measurements during periods of natural VLF activity. An exam-
ple of VLF signals measured on the sounding rocket during a
period of intense natural activity is shown in figure 1. This
figure is a frequency-time-gray scale plot of electric (upper
panel) and magnetic (lower panel) fields observed near 180-
kilometer altitude above Siple Station. Two bands of contin-
uous emissions at about 1 kilohertz and between 3 and 5
kilohertz were present for the entire flight. Also present were
a variety of discrete emissions such as "risers" and "hooks."
Between 17:35:28 and 17:35:29 (universal time) at about 2.7
kilohertz a slowly descending tone was producing triggered
emissions. The descending tone was the two-hop echo from
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Figure 1. Frequency-time-gray scale plots of natural very-low-fre-
quency activity measured on the second sounding rocket
launched from Siple Station, Antarctica, on 20 December 1980.

the Siple transmitter. The direct Siple transmission from below
the sounding rocket was not apparent on this record, which
implies that the transmitted signal amplitude was much
smaller than the amplitudes of the natural signals.

An example of a period when natural VLF signals did not
dominate the transmitted VLF signal from Siple is shown in
figure 2. In this case, a frequency-time-gray scale plot of the
magnetic receiver illustrates data taken near the apogee of the
third sounding rocket. The transmitted signal from Siple was

SIPLE (ANTARCTICA) ROCKET NT 18,205	10 January 1981

Figure 2. Frequency-time-gray scale plot of the signal transmitted
from Siple Station to the third sounding rocket, 10 January 1981.
Also visible are the two-hop echo of the transmitted signal and a
whistler.

1981 REvIEw	 205



obvious between 18:25:48 and 18:25:53 as a staircase followed
by a short ramp. Immediately following the direct signal, the
two-hop echo was received, and that also indicates that some
triggering was occurring. During reception of the two-hop
echo at 18:25:56, a one-hop whistler was also received.

The signals described here represent just a small sample of
the rich variety of VLF emissions observed on the three sound-
ing rockets above the VLF transmitter at Siple. The data will be
used in conjunction with the plasma particle data to identify
the sources of free energy for the wave emissions and to test
theories of wave-particle interactions (Helliwell and Crystal
1973; Sudan and Ott 1971). Another interesting feature of this
experiment is the ability of the wave field instrumentation to
measure phase. This will permit the sounding rocket receivers
to be used as one arm of an interferometer, the other arm being
the Siple transmitter. From this arrangement wavelengths can
be measured and the real part of the VLF dispersion relation in
the lower ionosphere can be tested for the first time.

This work is supported by National Science Foundation
grant DPP 80-23968. Fieldwork was conducted by P. Kintner
(23 November 1980 to 7 January 1981) and R. Brittain (23
November 1980 to 17 January 1981).
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Do ionospheric plasma instabilities
affect the Siple Station riometer?
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Until recently, a riometer was thought to measure only the
opacity of the D region of the ionosphere to radio noise of
cosmic origin. This opacity results from ionization by mag-
netospheric charged particles striking the atmosphere, as in
figure 1(a). However, D'Angelo (1976) has suggested that mag-

netic-field-aligned density irregularities in the E region could
also reduce the cosmic noise reaching a riometer, by nonab-
sorptive scattering, as in figure 1(b). This scattering is caused
by plasma instabilities associated with ionospheric currents
(Siren, Doupnik, and Ecklund 1977). The properties of this
scattering at the small deflection angles that would affect a
riometer are not known. We have studied Siple riometer data
intensively to find indirect evidence of this scattering mech-
anism.

Siple Station (76°S 84°W) has three advantages for this kind
of study:

1. E-region density irregularities occur frequently at south-
ern latitudes near Siple (Ogawa et al. 1979).

2. The riometer data were recorded digitally at high time
and amplitude resolution. Fast variations well under 0.1 deci-
bel are detectable.
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Figure 1. Three possible causes of riometer variations: (a) 0-region absorption; (b) scattering of cosmic noise away from the riometer by
E-region field-aligned density irregularities; and (C) scattering of cosmic noise toward the riometer.
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