U.S. Antarctic Research Program,
1975-1976
Review of year-round activities
This section of Antarctic Journal of the United States comprises the second part of a review of U.S. antarctic
projects that were active in 1975 and 1976. It succeeds the September/October issues of former years, when
the Journal was published bimonthly. Included are descriptions of data analysis at home institutions and
reports on year-round observations in the Antarctic. The third part of this review, to appear in the December 1976 issue, will include reports on earth and ice studies and on work at Stateside support centers. The
first part of this review, in the June 1976 issue, describes field activities that took place in the 1975-1976
austral summer.

New very low frequency radio
direction finder for the Antarctic
D. L. CARPENTER, M. K. LEAVITT, J .
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and N. T. SEELY
Radioscience Laboratory
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Stanford, California 94305

A major objective of very low frequency (VLF)
research is the realization of direction finding (DF)
on whistler-mode signals. Signals from VLF sources
such as lightning or the Siple Station VLF transmitter propagate on magnetospheric field-aimed
paths, emerging from the ionosphere in the opposite hemisphere at about a 100-kilometer altitude.
Direction-finding receivers determine the arrival
bearings at one or more ground points; triangula tion is used to locate the path exit points. Identification of exit points should permit: (1) determination of the extent of the magnetospheric regions
illuminated by ground sources such as the Siple
transmitter, (2) study of dynamic effects such as
drifts of the magnetospheric plasma, and (3) conduct of ad hoc experiments, such as on rockets and
balloons, that depend on locating the exit points
Of VLF wave activity of interest.
In June and July 1975, we and others conducted
a direction-finding campaign near Roberval, Quebec, Canada, conjugate to Siple, Antarctica, to test
and compare results from three different DF systems. Groups from the University of Tokyo, the
University of SouthamptonlHouston, and Stanford
University operated the systems. This paper reports some results from a Stanford system designed
September 1976

as part of a Ph.D. research project by M. K. Leavitt,
a graduate student. Dr. Leavitt's system uses a
tracking filter for isolating and following the frequency-time behavior of a signal of interest. The
system's DF analysis section electronically combines
information from two crossed loops and a vertical
antenna and indicates in real time the signal bearing. Called the "TRIDF," the system was operated at
Roberval with success; consistent arrival bearings
were obtained on both Siple transmitter and natural
signals over periods ranging from minutes to tens
of minutes.
The figure gives an example of operation and
capabilities of the system. The upper panel is a
spectrogram displaying frequency from 2 to 6 kilohertz versus time. There are two prominent signals
on the record: a Siple transmitter pulse at 4.5 kilohertz followed by a rising triggered noise, and a
noise event that begins near 4.0 kilohertz. The
upper part of a natural whistler triggered the noise
event. The middle panel shows the frequency of the
tracking filter, which was reset to about 4.5 kilohertz when not in the tracking mode. The bottom
panel shows the apparent arrival bearing, with
respect to magnetic north, of the signal within the
tracker pass band. Before time t1 several impulsive
signals, or spherics, from nearby lightning, captured the tracker; the bottom panel shows the bearings of these spherics to be —90°, or to the west.
(The conventional goniometer direction finder
cannot track spherics; signals of more than several
tenths of a second in duration usually are required
for a bearing determination.) Between times t 1 and
t2 the tracker followed the Siple transmitter signal;
the bearing is relatively well defined and southwest.
Between t2 and t3 the tracker followed the emission
triggered by the whistler. The whistler and its emission are entirely below the Siple signal in frequency.
Theory predicts that waves at the lower whistler119
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Location and time evolution of
electron burst precipitation
regions in the lower ionosphere
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Example of the operation of a new very low frequency frequency-tracking direction finder.
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Stanford University
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mode frequencies should emerge from the ionosphere at higher latitudes. The data support this
prediction; the well-defined bearing is now slightly
west of north.
Measurements with the TRIDF during 15 hours of
Siple transmissions generally confirm earlier analysis (Carpenter and Miller, 1976), based on broadband information alone, that the endpoints of Siple
transmitter signal paths are relatively close to
Roberval Station, displaced in latitude only by
about ±200 kilometers. The TRIDF bearings also
show an apparent concentration at southwest, an
effect not understood. This concentration may
occur because the geomagnetic conjugate point of
the ionospheric region of maximum illumination
of the Siple transmitter is slightly southwest of
Roberval. Also, distortions of the earth's magnetic
field by the impinging solar "wind" might produce
such an effect.
Interpretation of the TRJDF data is complicated
by multipath propagation effects and by "polarization" error. This latter is associated with signals
whose exit points are close to the receiver. These
effects require study as part of attempts to refine
DF methods. Overall, the outlook appears promising for application of the TRIDF and goniometer
techniques in the Antarctic. We are planning such
applications for Siple and Palmer as part of cooperative work with experimenters at Halley Bay,
Beigrano, and Sanae.

Observations of burst precipitation of energetic
electrons from the magnetosphere at subauroral
latitudes are rare. Although such bursts are believed to occur frequently, they are difficult to detect. The precipitation is most noticeable when it
causes amplitude perturbations of very low frequency(VLF) radio signals propagating beneath the
ionosphere (Helliwell et al., 1973; Dingle, 1975).
Events of this kind previously have yielded only
limited quantitative information on the location
and details of the processes at work. A comprehensive new data set acquired at Siple Station and
at its Northern Hemisphere magnetic conjugate
point in Roberval, Quebec, Canada, contains important new information.
On 11 September 1973 a long series of narrowband VLF noise bursts was recorded at both Siple
and Roberval. The bursts lasted for about 10
seconds typically and occurred at approximately
5-minute intervals over several hours from well before dawn to after sunrise. Each of the bursts was
associated with an amplitude perturbation of at
least one of the subionospheric signals from U.S.
Navy VLF stations. These amplitude perturbations
have onset rise times corresponding to the burst
durations and recovery times thought to be associated with the relaxation time of the lower ionosphere.
The noise bursts are thought to originate in the
magnetosphere, where they interact with energetic
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