Plans for improved equipment at Byrd Station include a complete electronic phase-tracking system to
replace the present electromechanical servos, which
are showing considerable wear after many years of
use. Electronic phase-tracking systems are inherently faster and can provide better results at low
signal-to-noise ratios than the old mechanical servo
systems. A complete set of AGC systems, to work
with the electronic phase-tracking systems, and a
digital acquisition system similar to the one at
Plateau, are also planned for installation at Byrd
during the next antarctic summer.

University of Washington's
Antarctic Research Program, 1966-1967
DONALD K. REYNOLDS, H. MYRON SWARM,
and
I. C. PEDEN
Department of Electrical Engineering
University of Washington
During 1966-1967, progress was made by the
University of Washington in the following four
D-region studies. The very low frequency (VLF)
ionospheric step-frequency sounder installed at
Byrd substation, 11 miles from Byrd Station, has
been in almost daily operation since March 1966.
The schedule during the 1967 austral winter has
called for a series of pulsed transmissions of about
1 minute duration every 15 minutes, during which
the transmitted frequency is stepped between 3.0
and 30.0 kHz in 100-Hz increments. The peak
power delivered to the 21-mile dipole antenna is
now 25 kw.
Data obtained during the first year of operation
were returned to the University of Washington in
February 1967 for processing. Although all of the
records have not yet been processed, the results
are very encouraging. Several typical oscilloscope
waveforms are shown in Fig. 1. The upper portion
of the figure shows the waveform of the transmitted current in the antenna at a frequency of 5 kHz
(l). The "pulse" contains little more than one
cycle of the 5 kHz signal. The lower portion of the
figure shows the intermediate frequency (IF) output of the receiver, as telemetered from Byrd Station back to the long-wire antenna site. The first
hump on the left is the ground signal, which was
transmitted 20 km over the ice, and it is followed
by a strong D-region echo.
The lower oscilloscope waveform shows the transmitted current at a frequency of 30 kHz (I a ). The
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Figure 1. Oscilloscope waveforms
of transmitted and ionospherically
reflected pulses.

receiver IF displays both the direct wave and a
very strong D-region echo. The points marked
"SP" show the instant at which the waveform was
sampled to determine the phase shift between transmitted and reflected waves.
A numbr of significant ionospheric events have
been revealed in the processed D-region data. Fig.
2 shows a striking correlation between VLF hiss,
as recorded by Stanford University at Byrd Station,
and ionospheric virtual height. A strong burst of
12 kHz hiss on August 7, 1966, was immediately
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Figure 2. Correlation between Dlayer virtual height and VLF hiss intensity.
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followed by a sudden, sharp drop in D-layer height.
About five more significant events have been observed in the height data at times when VLF hiss
data were available. The lowest D-layer height yet
observed was 60 km, recorded on September 2,
1966, during a polar cap absorption (PCA) event.
Exospheric electron density. The objective of this
project is to determine exospheric electron densities
by means of time-delay versus frequency measurements of VLF signals transmitted between the longwire antenna site and Friday Harbor, Washington.
During the austral summer of 1966-1967, the
long-wire antenna's transmittable power was increased to 25-kw input to the antenna terminals.
This is twice the previous capability. The receiving
station was subsequently established at Friday
Harbor to record possible whistler-mode echoes
from the semiorthogonal 64-bit code which is transmitted from Antarctica. The transmitted frequencies, which are accurate to about 2 parts in 10,
are 5.45, 10.90, 15.70, and 21.80 kHz. The normal schedule consists of transmissions 10-15 minutes
past each hour. Details of the transmissions and the
coded sequences will be furnished to interested perSons by the University of Washington on request.
Earth-ionosphere cavity resonances. On February 14, 1967, the first known effort was made to
excite artificially the Earth-ionosphere cavity at its
lowest resonance. A 7.5- 14 capacitor was continuously charged to 30,000 V and mechanically
switched into the terminals of the 21-mile dipole at
frequencies of 4.03, 5.3, 6.5, and 7.7 Hz. Several
ELF recording stations in different parts of the
world were advised of the test. To date, no distant reception of the signals has been reported, but
all data have not yet been analyzed. Strong signals
from Byrd substation were recorded at Byrd Station
by the Pacific Naval Laboratories' equipment, providing accurate timing data for the experiment.
In addition to this experiment, natural background noise at the long-wire antenna site is being
recorded periodically from a magnetic pickup in the
5-100 Hz range.
Antenna measurements. The input impedance of
the 21-mile and 8.4-mile dipoles has been measured
as a function of frequency on a monthly basis. This
information is being used to compare the measured
and theoretically predicted performances of the antennas as their depth of burial gradually increases.
The measurements also serve the practical purpose
of indicating the possible presence of breaks in the
wire. During the 1966-1967 austral summer, the
locations of several breaks were detected to within
a foot by means of a pickup loop mounted on a
snow vehicle that was driven beside and parallel to
the entire length of the wire.
September-October, 1967

Very-Low-Frequency Studies
ROBERT A. HELLIWELL
Stanford Electronics Laboratories
Stanford University
For a number of years, Stanford University has
conducted studies in upper atmosphere physics at
antarctic stations and its Palo Alto Laboratories as
part of the U.S. Antarctic Research Program. During the past few years, this work has involved an
increasing number of graduate students, including
Chung Park (field engineer at Byrd Station in
1966), Keppler Stone, Fernando Walter, and
Steve Lasch.
An important study pursued during the past year
concerns data obtained at Eights and Byrd Stations
on the magnetospheric electric field and associated
hydromagnetic drift motions during the polar substorm which began at about 0600 UT on July 15,
1965 (Carpenter and Stone, 1967). Through the
analysis of whistler measurements of drifts near
L=4, it was possible to identify the previously undetected magnetospheric electric field that may be
associated with the substorm electrojet. A major
feature of the event was the onset of inward drift
motions at L=4 roughly 20 minutes prior to the beginning of the substorm bay at the Byrd/Great
Whale conjugate pair. Further studies of this time
relationship are being conducted.
A number of studies were made of the plasmapause phenomenon. Statistics on the equatorial
radius of the plasmapause at dawn were obtained
from data taken at Eights Station during 1963 and
plotted with respect to various indices of magnetic
activity (Carpenter, 1967). It was found that the
equatorial radius at dawn is particularly sensitive to
substorm activity on the preceding night, a result
consistent with the known role of the substorm electric field in the inward displacement of the plasmapause.
As part of a worldwide effort to study the
proton flare and associated magnetic storm of early
July 1966, Chung Park has investigated in detail
the position of the plasmapause for a period of
roughly 10 days from July 5 to 15, 1966. Using
data obtained both from the long-wire recording
site and the loop system at Byrd Station, Park
was able to obtain much high time-resolution information on the position of the boundary. The longwire recordings provided uniquely detailed information during periods when the loop system was inadequate for this purpose.
The study of the July 9 storm is being carried
out in cooperation with a French group investigat173

