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corded at four stations during the event of January 28, 1967.

mic rays. This event is anomalous in that either it
represents the first observation of solar particles
reaching the Earth from the back side of the sun or
it is associated with a relatively feeble flare ( <1B)
that occurred in the eastern hemisphere of the vis-
ible disk. Neither region connects direcly with the
Earth via a magnetic tube that provides easy access
for energetic particles. The propagation of solar
particles in this event was evidently controlled by a
diffusion mechanism, in view of the fact that the
observations are consistent with predictions based on
alternative theoretical models of this process.

VLF Studies at Plateau Station

J. H. CRARY

Ionospheric Telecommunications Laboratory
Institute for Telecommunication Sciences

and Aeronomy
Environmental Science Services Administration

Plateau Station is located in an exceptionally
favorable position (79 0 15'S. 40 0 30'E.) for very
low frequency (VLF) observations. In addition to
the usual phase and amplitude variations observed
on VLF signals that have traveled over long paths
to high magnetic latitudes, other variations occur
which are believed to be related to magnetic dis-
turbances and the precipitation, or dumping, of elec-
trons from the Van Allen belt. When these elec-
trons impinge upon the D region, they are believed
to create abnormal ionization. The region of the
South Atlantic magnetic anomaly should be the re-
gion most sensitive to the conditions which cause

this dumping. Plateau Station is so situated that
signals from VLF transmitters that are recorded
there pass either through, near, or far away from
the magnetic anomaly, providing both observational
and control data for this study.

The data obtained at Plateau, together with that
taken at Byrd Station, should also provide valuable
supplements to data on polar cap events (PCE) ob-
tained in the north polar region. The data from
the two regions indicate that there are interesting
temporal and spatial variations of PCE over the
polar caps. The antarctic data should provide addi-
tional information on these variations and on the
conjugacy of PCE. The observation of PCE by
VLF techniques also has some advantages over the
observation of absorption caused by PCE riometer
or forward-scatter techniques since the VLF tech-
niques seem to be almost equally sensitive whether
the paths are sunlit or not. This is in contrast to
the measurement of absorption because of the rela-
tive insensitivity of the observing instruments at
night.

The past antarctic winter's records were received
early this year, and a cursory examination reveals
that the data are generally of good quality. The
greatest general problem with them is the very large
diurnal amplitude variation, which is characteristic
of long-path, high-latitude VLF observations. An
automatic gain control (AGC) system that was sent
to the station during the past summer, and which is
now being installed, will greatly increase the range
of amplitudes over which the equipment will operate
and record properly. A digital data-acquisition sys-
tem, which is also being added, will produce digi-
tized data at a rate high enough to properly define
the rapid variations characteristic of high-latitude,
long-path VLF signals.

A fourth recording channel was installed and
placed in operation in late April. It is now being
used to record signals from the Navy VLF trans-
mitter NAA (17.8 kHz) at Cutler, Maine, which
recently changed its operating procedures so that it
is again useful for VLF phase and amplitude mea-
surements. The path from this station passes very
close to the center of the South Atlantic magnetic
anomaly.

Future plans for the project include the addition
of a fifth recording channel, which will be used for
the new U.S. Navy VLF station NWC, at North
West Cape, Australia, which should go into opera-
tion sometime this year. The paths from this trans-
mitter to Plateau and Byrd include a considerable
distance over the polar ice cap and should provide
valuable supplements to the data on PCE.
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Plans for improved equipment at Byrd Station in-
clude 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 inher-
ently 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 transmit-
ted 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) out-
put of the receiver, as telemetered from Byrd Sta-
tion 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 trans-
mitted current at a frequency of 30 kHz (I a ). The

Milliseconds
Figure 1. Oscilloscope waveforms
of transmitted and ionosph erically

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 trans-
mitted 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

30 kHz PHASE HEIGHT
AUGUST 7, 1966

95-

	
/-

75

12 kHz HISS INTENSITY

ME

HOURS UT

Figure 2. Correlation between D-
layer virtual height and VLF hiss in-

tensity.
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