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Figure 3. Time derivatives of the 16-minute sliding averages
of geomagnetic variations at Byrd Station on April 1 and

2, 1964. The abscissa represents the time in UT hours.
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Figure 5. Power spectrum peaks of geomagnetic pulsations
at Byrd Station on April 1, 1964. The abscissa represents
the local time. The left ordinate is the peak frequency in
the unit of 1132 (minutes).- 1 The right ordinate is the
period in minutes. The black circles show clear peaks; the
open circles represent ambiguous peaks; the vertical lines

indicate the 3-db width.

25	passing through Byrd Station). Also, for different
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2s	isolated peaks in the dynamic spectra, similar phase
15 velocities were obtained. Therefore, the oscillatory

variations seem to be waves appearing in the entire
magnetic tube passing through Byrd Station Gen
era! similarity can be seen in the power spectra of dif-
ferent magnetic components. However, significant
discrepancies can be observed among the H-, D-, and
Z-spectra. The shape of the power spectrum changes
with time and is characterized by multipeak struc-
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ture. For example, the peak frequencies appearing
in the H-spectrum are shown in Fig. 5. The shape

is	changes seem to be associated with the plasma's in-
ward motions discussed before. Discrete bands are-	
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. 0	to be noted in Fig. 5. When - <0, the multipeak
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Figure 4. Dynamic power spectra of geomagnetic pulsations
observed at Byrd Station on April 1, 1964. The abscissas
represent the local times. The ordinates are oscillation

frequencies in 1132 (minutes).-1

magnitude of the electrical conductivity (ff_.12 X
10 14 emu), one can estimate the wave electric fields,
phase velocities, and wavelengths for the activity cen-
ters seen in the dynamic spectra. For instance, for
the pulsation that occurred around 1600 UT on April
1, whose period was 16 minutes, we obtain E,2-
mV/m, AB-.30y, m/k-'100km/sec, and A-20 Earth
radii (the length of the magnetic line of force

structure enhances. This means that hot plasma fills
the magnetic tube. The magnetic tube is expanded by
the diamagnetic effect of the hot plasma, causing
the plasma particles to undergo mirroring motions
along the line of force; these are accompanied by
oscillations of the electric and magnetic fields.

VLF Studies in Antarctica

J . H. CRARY

Institute for Telecommunication Sciences
Environmental Science Services Administration

Continuous recordings are made at Byrd and Pla-
teau Stations of the relative phase and amplitude of
signals from VLF transmitters GBR (16.0 kHz),
Rugby, U.K.; NAA (17.8 kHz), Cutler, Maine; NSS
(21.4 kHz), Annapolis, Maryland; NPM (23.4 kHz),
Oahu, Hawaii; and NWC (15.5, 18.0, 19.8, and 22.3
kHz), North West Cape, Australia.
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Last year's VLF records from Byrd and Plateau
Stations have been surveyed to evaluate their quality
and to provide suggestions for next season's opera-
tions. At Plateau, considerable trouble was encoun-
tered with some of the equipment, such as a standby
power supply and storage batteries, partly because of
inexperience with its operation under antarctic con-
ditions. Although the VLF equipment itself operated
well when the power supplies were sufficiently stabil-
ized, only a small amount of usable data was ob-
tained at Plateau.

The records from Byrd were of fairly good quality,
although the disadvantages of the mechanical servo-
type equipment in use there, particularly its limited
dynamic range, are quite obvious. Information about
polar cap events that occurred during this period
should be of considerable interest, since both tem-
poral and spatial variations are becoming evident in
VLF measurements made in the Northern Hemi-
sphere. The measurements in both hemispheres will
supplement each other and increase the value of the
data considerably.

During the past austral summer, both Byrd and
Plateau Stations were furnished with a newly devel-
oped receiver for station NWC, the new VLF trans-
mitter at North West Cape, Australia. Recordings
of this signal will be of special interest since the sta-
tion changes frequency at weekly intervals, providing
data over the same path for different frequencies.
Also, this path passes over a large part of the south
polar cap, making it especially interesting for both
monitoring and studying high-latitude disturbances,
such as polar cap events.

Both Byrd and Plateau have been supplied with
digital data-acquisition systems. These systems will
provide data at more frequent intervals than was
practical by hand scaling. Thus the more rapid varia-
tions in the amplitude and phase of the signals, which
seem especially prevalent at high latitudes, may be
studied. The system at Byrd has been in operation
since last spring. The exact status of the operation at
Plateau is uncertain because of a serious problem with
the station's generators.

Preparations are being made for moving the equip-
ment from Plateau Station, which will be shut down
in early 1969, to McMurdo Station, where, according
to present plans, it will be operated for at least two
years. McMurdo has two advantages for this work.
First, it is more readily accessible than the inland
stations and thus presents a simpler supply and main-
tenance problem. Second, it is of interest to make ob-
servations at the edge of the ice cap. When a VLF
transmitter is located a long distance from Antarctica,
as is GBR at Rugby, U.K., all but a negligible
amount of the received signal comes around the
long great circle path when that path is dark. When
the receiver is at the edge of the ice, essentially all

of the propagation over the ice is on the long great
circle path; only a negligible amount is on the short
path. The long-path information is useful for evalu-
ating the effect of the ice cap on VLF propagation.
The presence of this effect and its magnitude are the
subject of considerable controversy at present.

Solar-Cosmic Radiation and
Magnetospheric Studies

During 1967-1968

A. J. MASLEY, J . W. McDONOUGH,
and P. R. SATTERBLOM

Space Sciences Department
McDonnell Douglas Astronautics Company

Santa Monica, California

Solar Cosmic Ray Studies

Although approaching the time of predicted maxi-
mum in the solar cycle, the June 1967 through June
1968 period was relatively quiet. Of the 12 events
registered as greater than 0.3 db at 30 MHz,
only 1 event had greater than 2-db absorption. The
largest event, which reached nearly 6 db, occurred
on June 9, 1968 (see Fig. 1). By normal criteria,
several of the 1967 events could not be ascribed to
an accelerating flare. Furthermore, only a small num-

Figure 1. Shepherd Bay 30-MHz riometer absorption dur-
ing the June 9, 1968, solar cosmic ray event. The sun was
up continuously at Shepherd Bay during this period. The
absorption is proportional to the square root of the inten-

sity of charged particles bombarding the atmosphere.
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