
shift of arrival directions of solar particles arising
from the deformed magnetosphere.

Fig. 1 shows that the local time variation of the
asymptotic cones is greatest for low-rigidity particles.
If the incident particle flux is highly anisotropic, the
time variation of the "look directions" should, in
principle, produce measurable effects.

Fig. 2 shows an earlier comparison of the obser-
vations with the predictions of theoretical calcula-
tions based upon a diffusion model (Pomerantz et al.,
1961). Although this model has been successful in
accounting for the isotropy during all previous events,
Fig. 3 reveals that no ordering of the data was
achieved at any time throughout the entire duration
of the event of November 18, 1968. This indicates
the complete absence of effective scattering in the
vicinity of the earth.

In view of the large anisotropy, the energy spec-
trum of the solar particles can not be determined
with good precision from the latitudinal distribution
of the enhancement, hence only stations above the
"knee" of the latitude effect were selected for an
analysis leading to Fig. 4. Here, the normalized nu-
cleonic flux at six stations is plotted as a function of
the finally determined angle between the asymptotic
cone and the axis of symmetry (25°S. 35 0 W.). It is
noteworthy that the dispersion of the data from the
line representing 100% anisotropy is minimal.
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Investigations of Energetic Particles and
Radiation in the Polar Cap with

Balloon-Borne Instruments
MARTIN A. POMERANTZ and GEORGE A. BAIRD *
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of The Franklin Institute

The first program designed to observe short-term
primary cosmic ray intensity variations inside the

* On leave from Physics Department, University College,
Dublin, Ireland.

polar cap, where the field lines at all times extend
into space (the magnetospheric tail), was conducted
at McMurdo Station last year (Pomerantz and Baird,
1969). This initial stage of a more ambitious exploi-
tation of the special attributes of McMurdo Station
as a balloon-launching center was successully com-
pleted during the 1969-1970 austral summer.

All charged particles that reach McMurdo have
access through the magnetospheric tail. Thus, the
study of the propagation toward the earth of the
lower-energy cosmic rays that can just penetrate the
residual atmosphere above the ceiling altitude of bal-
loons (i.e., about 100 MeV for protons) can provide
useful information concerning the electromagnetic
conditions in the earth's environment. In particular,
the dynamical properties of the magnetosphere
should manifest themselves as time variations. These
effects are ideally studied with balloon-borne in-
struments that, unlike polar-orbiting spacecraft, re-
main essentially at a fixed position with respect to
the earth.

This advantage is enhanced by the extraordinarily
long duration of the flights, which remain aloft within
line of sight for several days. Moreover, it has now
been established that ideal launching conditions gen-
erally prevail at McMurdo, at least during January.

The new techniques developed on the basis of ex-
perience gained during the 1969 campaign made the
1970 series of flights exceedingly successful in attain-
ing the desired goal of continuous coverage at a
constant altitude over long periods of time.

A new ballasting device, coupled with a much im-
proved pressure sensor with roughly a tenfold in-
crease in resolution, made it possible to obtain out-
standing data for studying both the diurnal varia-
tion and longer term transient and steady-state in-
tensity fluctuations, and for relating these to the
simultaneous observations with the ground-based
detectors at McMurdo. In addition, the previously
restricted radio horizon was completely opened by
utilizing two alternative receiving sites.

Five successful flights were launched during the
five-week period commencing January 7, 1970. The
shortest duration was 39 hours, whereas the record
of 102 hours was set by the flight launched at 0732
on January 29. During the four days that this flight
remained aloft, two rare and distinct solar particle
events occurred, as shown in Fig. 1.

The first commenced at 1312 on January 29,
reached peak intensity shortly thereafter at 1425
and lasted until about 1800 on January 30. The
records obtained with the various balloon-borne de-
tectors (Pomerantz and Baird, 1969) differed
markedly from those of several spacecraft, as is il-
lustrated in Fig. 1, which compares data from the
21-70 MeV channel of the ATS-1 satellite with those
from our G.M. telescope.
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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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Environmental Science Services Administration, Boulder,
Colorado.
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