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Figure 1. Intensity as observed with the G.M. telescope
aboard Flight 5-70 (balloon) and corresponding data
from the 21-70 MeV channel of the ATS-1 satellite
(Solar Geophysical Data, 1970). The first solar cosmic
ray event observed with balloon-borne detectors in the
polar cap displayed very unusual features, in contrast

to the more classical second event.

It is noteworthy that the starting times at the
satellites were consistently later, e.g., 1330 at Vela
and 1340 at ATS-1. Heretofore, it has been assumed
that, at synchronous altitude, the solar proton flux
measured at ATS-1 is representative of the flux in
interplanetary space and over the polar caps. This
theory is upset by our observations, which reveal that
this event was highly anisotropic, and that the axis
of symmetry, i.e., the position of the source, was
quite close to the direction of viewing at McMurdo,
at least near the intensity peak as observed with the
G.M. telescope. On the other hand, the satellite ap-
parently was looking in an unfavorable direction at
that time.

It is noteworthy that this highly unusual event,
the first solar cosmic ray influx observed with balloon-
borne instruments in either polar cap, occurred dur-
ing a remarkable Forbush decrease that, at Mc-
Murdo, set in rather slowly at about 2300 on Janu-
ary 28.

In contrast to the extraordinary first event, the
solar particle increase on January 31, 1970, was
classical, and the time relationships among solar
phenomena and the observations with balloons and
satellites were essentially normal.
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The writers have conducted cooperative micropul-
sation research projects since early 1965 with Soviet
scientists at Vostok, Antarctica, with Danish scien-
tists at Qanaq, Greenland, and with Finnish scien-
tists at the Sodankylä and Nurmijaarvi geophysical
observatories. The natural electromagnetic activity
is sensed in the magnetic mode with induction mag-
netometers and in the electric mode with the tel-
luric-current technique. The signals are recorded on
slow-speed direct-record magnetic tape primarily for
spectral analysis by the speed-up technique and by
strip chart for long-period and amplitude informa-
tion. Duplicate tape decks and recorders provide
original tapes and charts for all cooperating agencies.
The cooperation extends through the full range of
program planning, field operations, and analysis of
data in collaboration with senior scientists in Mos-
cow, Helsinki, and Copenhagen. The Boeing Scien-
tific Research Laboratories have cooperated in this
project since its inception.

General descriptions of the instrumentation and
objectives of the program have been presented in
previous review issues of the Antarctic Journal. In
1969, the 6 in/hr magnetic tape transports were sup-
plemented with 180 in/hr, 4-channel transports at
Vostok and Qanaq. The very slow speed magnetic
tape records provide a continuous rayspan frequency-
time readout of spectral content of the activity for
synoptic studies, and more detailed Sona-Graph fre-
quency-time displays for the analysis of individual
events. The 180 in/hr tapes are used to study polar-
ization and direction of arrival of narrow-band
electromagnetic waves down to periods of the order
of 1 sec (Heacock, 1970). Since eccentricity of the
polarization ellipses in the horizontal plane as shown
by H—D diagrams is characteristically of the order
of 1 to 1.5, and the vertical component, Z, of the order
of 1/10 of the horizontal components, the Z—D and
Z—H polarization diagrams give a good indication
of direction, at least, of the quadrant of arrival of
the wave. A full year of Vostok tape and a half year
of Qanaq tape are now available for such analysis.
Since a certain class of 1 to 5 sec period micropulsa-
tions, structured Pc 1, are known to be generated on
the very long closed field lines and propagated in a
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horizontal waveguide to the geomagnetic pole, the
technique will be used to study the hour angle of the
source of the activity.

In addition to the polarization studies, the 180 in/
hr tapes make it possible to time the arrival of an
event to the order of 0.1 sec. This accuracy, an order
of magnitude better than that obtainable with the 6
in/hr tape, is essential to the study of the propagation
of micropulsation activity. In addition to the installa-
tion at Qanaq, the writers operate similar equipment
at Anchorage, College, and Kotzebue, Alaska, and
have furnished equipment for installations at
Sodankylä and Nurmijaarvi, Finland. Thus, we and
our Danish and Finnish collaborators have the fa-
cility to study micropulsation propagation completely
across the northern polar cap.

The Vostok telluric-current recording experiment
was continued through 1969. Experience with the tel-
luric-current system during the past two years shows
that the special problem of installing satisfactory tel-
luric-current electrodes in the high-resistivity snow
and ice of the antarctic ice cap can be solved. A set
of electrodes using H,SO 4 for electrolyte was instal-
led in December 1967. The average resistance of
these electrodes was 390,000 ohms in June 1969 and
320,000 ohms in December 1969, essentially the same
as during the first year after installation. The resist-
ance of electrodes with NaCl electrolyte was of the
same order as the H,SO 4 electrodes during the sum-
mer, but they became useless during winter with re-
sistance values of the order of 20 to 40 megohms.

An extensive analysis project involving all of the
programs and data collected since the beginning in
1964 is being conducted by the writer, Boeing sci-
entists, and U.S.S.R., Finnish, and Danish scientists.
The studies coordinated by Drs. Troitskaya of the
U.S.S.R. Academy of Sciences and Hessler will be
published in a projected volume of the Antarctic
Research Series.
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VLF Studies of the Magnetosphere

R. A. HELLIWELL

Radioscience Laboratory
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Ionosphere-magnetosphere coupling. A major re-
search accomplishment in 1969 was the successful

measurement of the net interchange of ionization be-
tween the F region and the protonosphere above. The
measurement provided the first detailed experimental
verification of the role of the protonosphere in sup-
plying ionization to the nighttime ionosphere. This
research was part of a PhD dissertation by Chung
Park, who was a Stanford field engineer in 1966 at
Byrd Station.

The role of the protonosphere as a source of ioniza-
tion for the nighttime ionosphere has been debated
for many years. In an equilibrium situation, what
comes down from the cooling protonosphere at night
must go up in the daytime, and early theoretical
studies predicted relatively small upward daytime
fluxes.

Park employed a complex variety of antarctic
whistler data and, through careful refinements of
the whistler technique, was able to make a variety
of measurements of temporal changes in the total
number of electrons in protonospheric tubes of ioni-
zation. The inferred quiet-day upward flux near 60°
latitude on the dayside was found to be about 3 x 108
el/cm2 sec at the 1,000-km level. This flux is con-
siderably larger than the maximum of about 2 x 10
el/cm2 sec predicted earlier, and is larger than the
downward flux that earlier theoretical studies had
found necessary to maintain the nocturnal iono-
sphere. The downward flux at night under quiet
conditions was found by Park to be about 1.5 x 108
el/cm2-sec.

During his measurements of the interchange of
ionization, Park found that the protonosphere is
not generally in equilibrium with the ionosphere.
The protonosphere is depleted in less than a day
during a magnetic storm or series of intense polar
substorms. Subsequent recovery of the ionization con-
tent is slow compared to similar recovery in the
ionosphere. A geomagnetic tube of ionization with
equatorial radius of 4 earth radii (L '—'4) requires
about 5 days to reach monthly median values of
electron density, and even after 8 days of quiet condi-
tions is observed to continue 'filling.' The average
spacing for geomagnetic disturbances is such that the
filling process is frequently interrupted. Park's meas-
urements have been particularly useful in showing
how the region between the storm-time l)lasmapause
and the quiet-time plasmapause is filled, primarily
through fluxes from the ionosphere below. Fig. 1
shows in idealized fashion the day-to-day recovery
of the associated equatorial profile.

Correlative campaigns. In August 1969, there was
an intensive program of broadband recording at
Byrd Station in support of multi-station electric-
field measurements from balloons in Canada by For-
rest Mozer and his colleagues. The August campaign
also involved a U.S. -French -Russian multi-longitude
whistler experiment, including continuous recordings
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