
Days of high planetary geo-
magnetic index (A 1,) for the pe-
riod May through December
1966. From Solar-Geophysical

Data (1967).

Day of Yearl	Date I A

146	May 26	78
151	May 31	48
190	July 9	36
242	Aug 30	82
246	Sept 3	92
247	Sept 4	112
251	Sept 8	42
278	Oct 5	36
304	Oct 31	34
348	Dec 14	48

ionosphere. In the antarctic region, the consequent
temperature increase is sufficient to shift the scale
height of the ionosphere upward to such an extent
that the total electron content below the 1,000-km
altitude of the satellites involved in this study is re-
duced.
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Investigations of
Cosmic Ray Intensity Variations in

Antarctica
MARTIN A. POMERANTZ

Bartol Research Foundation of
The Franklin Institute

As a consequence of the role played by the geo-
magnetic field in determining the "optics" of cosmic
ray detectors, it is possible to view directions of ar-
rival of particles significantly inclined to the ecliptic
plane only in the polar regions. Thus, observations
made with continuously recording ground-based
neutron monitors at fixed locations in the Arctic and
Antarctic afford a unique means for investigating
anisotropies that may arise in a direction perpendicu-
lar to the equatorial plane.

A systematic cosmic ray intensity gradient along
the Earth's rotational axis has been observed for the

first time. An analysis of data recorded by the net-
work of high-counting-rate neutron monitors during
the recovery phase of a Forbush decrease in
March 1966 revealed the occurrence of a significant
north-south asymmetry. Data from South Pole and
McMurdo Stations were crucial in the discovery of
this phenomenon. A theoretical model that ac-
counts for all of the observed effects, including
latitude dependence, has been developed. The
anisotropy is envisaged as arising from the diffusion
of cosmic rays through disordered magnetic fields
in the vicinity of the Earth, the diffusion being as-
sociated with many conspicuous solar disturbances
during this period of resurgent solar activity. The
two components of the vector in three-dimensional
space that defines the direction of anisotropy were
determined by combining the information deduced
from the study of the north-south asymmetry with
data on the associated diurnal variation. During
one of the two epochs that has been studied in de-
tail, the greatest flux of cosmic ray particles was in-
cident from the direction in space of -83.5 0 ± 3.50
declination and 13.3 ± 0.7 h right ascension. Thus,
the configuration of the magnetic fields of solar
origin that enveloped the Earth at this time was not
symmetrical about the equatorial plane. Alternative
interpretations of this result are (1) that the lines
of force were temporarily directed almost per-
pendicularly to the solar equatorial plane, permit-
ting the preferential flow of particles along these
lines, or (2) that the lines of force were parallel to
the equatorial plane, as usual, and the density
gradient in the north-south direction was a conse-
quence of the asymmetrical spatial distribution of the
cosmic ray "shield."

During 10 years of operation of neutron monitors
in the polar regions, solar particles having sufficient
energy to propagate to sea level (rigidity 1 GV)
have been detected on only eight occasions. After a
lapse of five years, the first flare-associated solar-
particle emission that produced detectable effects in
ground-based cosmic ray detectors occurred on July
7, 1966, following the 213 flare that commenced at
0020 UT. This event is especially noteworthy be-
cause it was the first observed by the network of
high-counting-rate neutron monitors currently op-
erating in both polar regions. The maximum in-
crease was about two percent. The first significant
effect occurred at 0115 UT, 55 minutes after the
onset of the flare.

A second and quite unusual event occurred on
January 28, 1967. An analysis based upon a com-
parison of the recordings from South Pole (at-
mospheric depth, 694 g/cm 2 ) and McMurdo (at-
mospheric depth, 993 g/cm2 ) made it possible to
determine the absorption coefficient of the solar cos-
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Percent deviation of absorption from normal level as re-
corded at four stations during the event of January 28, 1967.

mic rays. This event is anomalous in that either it
represents the first observation of solar particles
reaching the Earth from the back side of the sun or
it is associated with a relatively feeble flare ( <1B)
that occurred in the eastern hemisphere of the vis-
ible disk. Neither region connects direcly with the
Earth via a magnetic tube that provides easy access
for energetic particles. The propagation of solar
particles in this event was evidently controlled by a
diffusion mechanism, in view of the fact that the
observations are consistent with predictions based on
alternative theoretical models of this process.

VLF Studies at Plateau Station

J. H. CRARY

Ionospheric Telecommunications Laboratory
Institute for Telecommunication Sciences

and Aeronomy
Environmental Science Services Administration

Plateau Station is located in an exceptionally
favorable position (79°15'S. 40°30'E.) for very
low frequency (VLF) observations. In addition to
the usual phase and amplitude variations observed
on VLF signals that have traveled over long paths
to high magnetic latitudes, other variations occur
which are believed to be related to magnetic dis-
turbances and the precipitation, or dumping, of elec-
trons from the Van Allen belt. When these elec-
trons impinge upon the D region, they are believed
to create abnormal ionization. The region of the
South Atlantic magnetic anomaly should be the re-
gion most sensitive to the conditions which cause

this dumping. Plateau Station is so situated that
signals from VLF transmitters that are recorded
there pass either through, near, or far away from
the magnetic anomaly, providing both observational
and control data for this study.

The data obtained at Plateau, together with that
taken at Byrd Station, should also provide valuable
supplements to data on polar cap events (PCE) ob-
tained in the north polar region. The data from
the two regions indicate that there are interesting
temporal and spatial variations of PCE over the
polar caps. The antarctic data should provide addi-
tional information on these variations and on the
conjugacy of PCE. The observation of PCE by
VLF techniques also has some advantages over the
observation of absorption caused by PCE riometer
or forward-scatter techniques since the VLF tech-
niques seem to be almost equally sensitive whether
the paths are sunlit or not. This is in contrast to
the measurement of absorption because of the rela-
tive insensitivity of the observing instruments at
night.

The past antarctic winter's records were received
early this year, and a cursory examination reveals
that the data are generally of good quality. The
greatest general problem with them is the very large
diurnal amplitude variation, which is characteristic
of long-path, high-latitude VLF observations. An
automatic gain control (AGC) system that was sent
to the station during the past summer, and which is
now being installed, will greatly increase the range
of amplitudes over which the equipment will operate
and record properly. A digital data-acquisition sys-
tem, which is also being added, will produce digi-
tized data at a rate high enough to properly define
the rapid variations characteristic of high-latitude,
long-path VLF signals.

A fourth recording channel was installed and
placed in operation in late April. It is now being
used to record signals from the Navy VLF trans-
mitter NAA (17.8 kHz) at Cutler, Maine, which
recently changed its operating procedures so that it
is again useful for VLF phase and amplitude mea-
surements. The path from this station passes very
close to the center of the South Atlantic magnetic
anomaly.

Future plans for the project include the addition
of a fifth recording channel, which will be used for
the new U.S. Navy VLF station NWC, at North
West Cape, Australia, which should go into opera-
tion sometime this year. The paths from this trans-
mitter to Plateau and Byrd include a considerable
distance over the polar ice cap and should provide
valuable supplements to the data on PCE.
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