
mained in operation at Byrd, South Pole, and Pla-
teau Stations throughout the past year. Absolute ob-
servations of the magnetic elements were made at
frequent intervals for the following reasons: so that
absolute values could be assigned to these elements
at any point in time; so that secular-change rates
could be established for accurate map-making; and
as an aid in investigations in solid-Earth physics
through studies of the spatially varying secular-
change rates. Obtaining data from these three sta-
tions is of special importance because few reliable
magnetic measurements have been made in that
part of the world in the past, partly because of the
relatively short history of all magnetic recording sta-
tions there.

A major responsibility associated with the geo-
magnetism program of the U.S. Coast and Geodetic
Survey is the compilation of the World Magnetic
Charts at 5- and 10-year intervals. The determina-
tion of secular-change rates in Antarctica for com-
pilation of the next (1970) updating of the World
Magnetic Charts will depend almost entirely on geo-
magnetic data obtained at Byrd, South Pole, and
Plateau Stations and at similar stations operated by
other nations on the Continent. In Antarctica, there
are no "repeat" observations—precise measurements
of the strength and direction of the magnetic field
made at exactly the same points, similar to those
made on other continents—that would assist in de-
termining the secular-change patterns.

After their receipt (about March 1968) at the
headquarters office of the Coast and Geodetic Sur-
vey, the magnetic data recorded during the past
year at Byrd, South Pole, and Plateau Stations will
be available to all researchers desiring them through
World Data Center A.

Electron Content of the
Antarctic Ionosphere, 1966

CRAIG P. STEPHENS and DAVID L. MOTT

Physical Science Laboratory
New Mexico State University

Measurements of the total electron content of
the antarctic ionosphere have been made by ref-
erence to data obtained by measuring the Doppler
shift of radio-frequency signals from Earth satel-
lites. The data were recorded at the Doppler satel-
lite tracking station at McMurdo, which was op-
erated by the Physical Science Laboratory of New
Mexico State University (Mott, 1966).

The results of the measurements are shown in the
figure. Each point represents information col-
lected during one satellite pass over the station.
During each pass, a series of columnar electron-
density measurements was taken. A least-squares
smoothing process was applied to this series of
values to obtain the value reported for that pass
(Stephens, 1967). All data were recorded in the
morning hours, local time.
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Columnar electron density in units of ]O
electrons per n1 2 . The superimposed sinus-
oidal curve indicates an apparent seasonal

trend in the data.

The continued presence of a substantial iono-
sphere during the extended period of total darkness
supports the hypothesis that the protonosphere acts
as a source of charged particles for the ionosphere
(da Rosa and Smith, 1967).

A correlation of the variations in electron con-
tent with geomagnetic activity is apparent. Days of
high geomagnetic activity, as indicated by the
values of the daily index A 1,, are listed in the table.
Our results indicate that the electron content of the
antarctic ionosphere decreases during periods of
high geomagnetic activity.

The observed ionospheric variations can be un-
derstood on the basis of a theory ascribing mag-
netic-storm behavior to distortion of the magneto-
sphere by the solar wind (Stephens, 1967). The
enhanced solar wind, resulting from an eruption at
the surface of the sun, induces fluctuations at the
boundary of the magnetosphere. Redistribution of
the magnetic-field lines causes collisions of charged
particles with stationary neutral particles in regions
where the density of both types of particles is sub-
stantial. The net result is an increase in heat in the
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Days of high planetary geo-
magnetic index (Ar) for the pe-
riod May through December
1966. From Solar-Geophysical

Data (1967).

Day of Yearl	Date I	Ap

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° ± 3.5°
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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