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Remarkable isotropic intensity waves were first observed fol-
lowing the great cosmic ray storm of September 1978 (Duggal
and Pomerantz 1979a, 1979b). This new phenomenon was not
limited to the low rigidities to which nucleonic detectors are
sensitive (about 10 gigavolts on average) but was observed with
underground detectors at energies exceeding 200 gigaelectron-
volts (Duggal et al. 1981). It was consequently natural to assume
that a sustained period of intensity variations that appeared to
be related to a subsequent large Forbush decrease in July 1982
was similar in character.

However, preliminary analysis of the later event appeared to
show that in this case the intensity waves were anisotropic, i.e.,
instead of being global, the variations were due to north-south
anisotrophy (Jacklyn and Pomerantz 1983) an effect which had
been discovered many years earlier (Nagashima, Duggal, and
Pomerantz 1968). In fact, a detailed study invoking data from a
number of high-energy cosmic ray detectors in the Northern
and Southern Hemispheres (Pomerantz 1984) provided evi-
dence that the intensity waves were of a dual isotropic-
anisotropic character (Jacklyn, Pomerantz, and Duldig 1984).

When the same type of event recurred in 1983, against a very
different background of transient modulation (e.g., there was
no accompanying Forbush decrease), the plot indeed thick-
ened. What emerged was that we had discovered a totally new
and unexpected manifestation of cosmic ray modulation in the
heliosphere—isotropic intensity waves that, as is clear in the
figure, were strongly dependent upon the polarity of the inter-
planetary magnetic field (Jacklyn, Duldig, and Pomerantz
1984).

Intensity waves occurred again in 1984, in the latter part of the
year as in the previous cases. The three consecutive events were
similar to each other but differed significantly from the one in
1978 (Duldig, Jacklyn, and Pomerantz 1985).

Because these isotropic intensity waves display a hard spec-
trum (i.e., the variations are essentially independent of energy),
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Superposed epoch analysis of 27-day intensity waves that occurred
between July and October 1982. W i (dashed line) is the isotropic
wave that remains after subtracting from W (solid line) the small
component arising from concurrent north-south asymmetry. There
is a strong correlation between the waves and the direction toward
and away of the interplanetary magnetic field sector.

they predominate at the higher energies that are observed with
the underground detectors at Mawson Station. This outstand-
ing cosmic ray facility of the Antarctic Division, Australian
Department of Science and Technology, has been upgraded
during recent years to provide the remarkable stability that is
required for studies of this type (Jacklyn and Duldig 1983).

This new mode of cosmic ray intensity modulation has oc-
curred in 3 of the 4 years for which data have been available. The
amplitude has been largest near solar maximum. The implica-
tion that the omnidirectional cosmic ray intensity can be greater
on one side of the interplanetary magnetic field neutral sheet
than on the other is significant for understanding the large-scale
structure of the interplanetary magnetic field in the inner solar
system.

This work was supported in partly National Science Founda-
tion grants DPP 83-00544 and INT 81-14863.
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We have been operating magnetic pulsation receivers at sev-
eral stations in the Antarctic during the past decade. During this
last year, receivers were operating at Siple, South Pole, and
McMurdo Station. In previous reports, we have described work
on the generation of Pc 1 pulsations near 1 hertz; on the associa -
tion of Pi 1 pulsations, near 0.1 hertz, with auroras; and on the
conjugacy of pulsations, observed at the ends of the field line in
each hemisphere and at the equatorial plane in the magne-
tosphere. The pulsation receivers consist of a remote antenna
and a digital recording system. The antenna is a permalloy rod,
500,000 turns of fine copper wire wound around the rod, and a
low-noise preamplifier. The recording system is a digital signal
processing and programming units and a digital tape recorder.
The digital system allows repeated signal analysis and enhance-
ment using frequency and polarization techniques. We con-
tinue to work on a variety of pulsation studies including several
collaborative projects. This report will be limited to two new
studies that have commenced this year: a renewed effort in the
study of the generation and propagation of Pc 1 waves and a

study of the origin of Pc 3 waves observed near the southern
cusp.

Pc 1 observations. When our receivers at Siple Station were first
put in operation in the early 1970's, Pc I pulsations were fre-
quently observed. In recent years, very few events have been
observed. The occurrence rate of these pulsations is controlled
by the 11-year solar cycle, so now in the early 1980's, there are
again large numbers of Pc 1 events. These pulsations near 1
hertz in frequency are believed due to Doppler-shifted ion
cyclotron resonance with energetic magnetospheric ions. The
waves propagate at the Alfven speed in packets along the mag-
netic field line and gain energy as they pass through the reso-
nant ions. The packets reflect at the ionosphere and bounce to
the opposite hemisphere gaining energy in each bounce. The
small amount of energy transmitted at each bounce can be seen
on the ground with our pulsation antennas. Figure 1 is an
example of a fairly simple Pc 1 event observed at Siple Station, L
= 4.2. The event starts near 2230 universal time at a frequency
of 1.5 hertz, grows in intensity until 2245 universal time, main-
tains constant intensity until 2255 universal time, and fades out
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Figure 1. Dynamic power spectral density of the pulsation receiver
signal, 2230 universal time) (UT), 5 June to 0030 universal time, 6
June 1982. The top, middle, and bottom panels are for plane, left-
hand, and right-hand polarized waves. The vertical frequency scale
is from 0 to 2.5 hertz (Hz) for each panel. The power density is
represented by the gray scale shading; white is the most intense.
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