
The lack of correlation of micropulsation activity
at the poles is illustrated in Fig. 2. Similar ac-
tivity occurred at both poles throughout the pre-
vious day with a corresponding lack of correlation.
Narrow-band Pc 3, 4 activity at one pole was not
observed at the other, and strong bursts of Pi activity
did not appear simultaneously at both sites.

A study of 0.1-2 Hz polar cap micropulsation ac-
tivity (Heacock et al., 1969) shows a pronounced sea-
sonal variation in incidence of structured Pc 1 at the
pole, it being ten times as frequent in winter as in
summer. This fact, together with the low amplitudes
of the activity at the pole—less than one-tenth that of
the activity at the auroral zone—and the accepted
theory of their source on closed field lines, indicate a
prcnounced seasonal variation in Pc 1-2 propagation
conditions to the pole. No structured Pc 2 (T=5-10
sec) were found on the Kanak records although they
are fairly common at College, Alaska. Pc 1 frequen-
cies above 2 Hz have not been observed in this study
at Kanak. The unstructured Pc 1-2 activity at Kanak
differs greatly from structured Pc activity in seasonal
variation of incidence and amplitude, suggesting a
source on the open polar cap field lines.
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Investigations of Cosmic Ray
Intensity Variations in Antarctica
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Bartol Research Foundation
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The emission by the sun of nuclear particles having
energies as high as several hundred MeV is a rare
occurrence which, on the average, happens only once
every two years. Thus, although the data recorded at
the antarctic cosmic ray stations continue to provide
the basis for a number of unique analytical studies in
which galactic particles serve as probes for investi-
gating the solar-controlled electromagnetic conditions
in interplanetary space, the arrival from the sun of
"newborn" cosmic rays having sufficient energy to
propagate their effects through the earth's atmosphere
is by far the most spectacular phenomenon that we
can hope to observe with ground-based detectors.

Two such events occurred during 1968: on September
29 and on November 18. The magnitude of the first
was too small to permit extensive analysis (solar-par-
ticle intensity less than one percent above the galactic
cosmic ray background). However, the second was
sufficiently unusual to warrant detailed description
here.

It is interesting to recollect that earlier theories of
propagation precluded the arrival of solar particles at
polar stations. However, cosmic ray flux increases
have been observed during every so-called "ground
level event," and, in fact, their magnitude has gener-
ally been greater than that at lower-latitude stations
having directions of viewing in the equatorial plane.
Studies of these events have revealed that diffusion
mechanisms play an important role in the transport of
particles from the sun to the earth (Pomerantz and
Duggal, 1961; Pomerantz et al., 1961a, b, c; Pomer-
antz and Duggal, 1962; Baird et al., 1967).

The November 18, 1968 event is the first in which
direct impact of solar particles in the polar regions
has been observed with the new, high counting-rate
neutron monitors. The earlier instruments would not
have provided the high resolution required for the
quantitative analysis that has led to the conclusion
that the dominant mode of propagation in this case
was guidance directly from the sun along magnetic
lines of force. Fig. I shows the intensity of solar
cosmic rays as recorded by the Bartol neutron moni-
tors at McMurdo and South Pole Stations, as well as
at the arctic station at Thule, Greenland, and at
Swarthmore, where the particles arrive from the
equatorial plane. Because of its altitude, the South
Pole detector responds to lower-energy particles than
the other stations, hence the magnitude of the in-
crease is enhanced.

The most striking feature is the sharp rise time, in
marked contrast to the slower-developing previous
events, particularly the last one (January 28, 1967),
described in this journal (Pomerantz, 1968). Max-
imum intensity was attained 15 min after onset, and
the major activity subsided in about 2 hours. This
event occurred while a cosmic ray storm was in pro-
gress, and was associated with a relatively minor (IB)
limb flare at N21 ° W87° on the solar disk. The
spectrum, deduced from an analysis of data from 18
stations, was of the form k exp(—P/550), where P is
the magnetic rigidity in units of MV.

After normalizing the data to remove the effects of
differences in altitude and geomagnetic threshold ri-
gidity, a large variance remains in the magnitude of
the increase as recorded at different stations near the
peak of this event. For example, the percentage in-
crease observed at Thule (76.6°N. 291.6°E.) was
twice that at Alert (82.5°N. 297.7°E.), while no en-
hancement was recorded at the Soviet station at Tiksi
Bay (71.6°N. 128.9°E.).
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Figure 1. (above). Solar cosmic ray event of November 18, 1968,
as observed by Bartol neutron monitor stations. The ordinates
are percentage increase in intensity above the galactic cosmic
ray background. South Pole Station recorded the largest flux de-

tected anywhere on the earth's surface.

Figure 2 (below). For each station from which data were avail-
able, X represents its geographic location, 0 is the asymptotic
direction of viewing of its detector, and the number indicates the
percentage enhancement (appropriately normalized to remove
the effects of altitude and geomagnetic cutoff differences) above
the galactic cosmic ray background. The axis of symmetry, +,
represents the position of the apparent source, which is 50
west of the sun-earth line, corresponding to the garden-hose
angle characterizing the Archimedean spiral structure of the

interplanetary magnetic field.
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In Fig. 2, the normalized maximum percentage in-
creases during a 20-inin interval are indicated in cir-
cles representing the approximate asymptotic direc-
tions of arrival of the solar particles to which the
detectors at the specified locations (X) respond. Our
analysis reveals that the intensity increase was symme-
tric with respect to a point on the celestial sphere with
geographic coordinates 20°S. 40°W. This location
was 500 west of the position of the sun at that time,
which conforms with the Archimedean spiral struc-
ture of the interplanetary magnetic field and confirms
that the solar particles were magnetically guided from

the source. Because of the rapid decrease in the flux
to a low level shortly after the maximum, it is not
possible to determine when diffusion ultimately
became the principal propagation mechanism.
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Doppler Radio Soundings of the
Antarctic Ionosphere During 1968

K. DAVIES and J . E. JONES

Space Disturbances Laboratory
ESSA Research Laboratories

The original objectives of this program and the
experimental techniques employed have been de-
scribed previously by Davies and Jones (1968). Essen-
tially, the frequency perturbations of 6-MHz radio
echoes were recorded continuously during the period
November 1967 through November 1968 over several
paths originating at South Pole.

One of the original objectives was to determine the
velocities of large-scale traveling ionospheric disturb-
ances by means of space and time correlations. How-
ever, because of the diffuse character of the antarctic
Doppler-frequency records, such correlations have not
yet been possible. The typical characteristics of the
records are illustrated in Fig. la and lb for summer
and winter, respectively. During the day in late
summer, the signal is reflected from a rather stable E
layer at a height of about 100 km, whereas during the
night, reflection is from the F layer (-. 250 km). The
F layer echo is usually spread and essentially struc-
tureless, especially during winter. Sometimes it con-
tains a central core (Fig. ib).
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