
significant results. An especially interesting finding
is that the diurnal variations at the magnetically
conjugate midpoints, Byrd-Pole in Antarctica and
Frobisher Bay-Great Whale River in Canada, are
identical if the data are plotted as a function of
geomagnetic time. A relationship between the occur-
rence of E and geomagnetic activity has also been
established.

Investigations of Cosmic Ray
Intensity Variations in Antarctica

MARTIN A. POMERANTZ
Bartol Research Foundation

of the Franklin Institute

Neutron monitors and meson telescopes are oper-
ated at McMurdo and South Pole Stations. A new,
completely solid-state electronics system, with data

Feb	March	April	May	June

The Cosmic Ray intensity Reached its Peak Level During
the Last 11-Year Solar Cycle in May, 1965, Seven Months
After Sunspot Minimum. The Dashed Curve Represents
the Lower Energy Particles Which Reach South Pole Sta-
tion (Altitude 9,186 Feet) but do not Penetrate Through
the Thicker Atmospheric Shield over McMurdo Station
(Altitude 160 Feet).

accumulator that punches all relevant readouts di-
rectly on paper tape, has been constructed. It oper-
ates on batteries, thus eliminating the problems
arising from power interruptions. This equipment
was installed at McMurdo and commenced full oper-
ation on March 21, 1966, after a period of testing
and systematic overlap with portions of the old sys-
tem for normalization purposes. The punch tapes
are fed directly to the teletype transmitter, and the
received teletype tapes are mailed from Christchurch
to the Bartol Research Foundation at Swarthmore
for machine processing. An elaborate machine pro-
gram has been developed to carry out all aspects of
data reduction, including detection and correction of
transmission, preparatory to shipment to South Pole.

Analytic studies are being pursued assiduously,
and have already yielded a number of significant
results concerning cosmic ray modulation and aniso-
tropies. For example, the antarctic observations
have revealed that the intensity maximum which oc-
curred early in May 1965 (seven months after solar
minimum) was reached at the same time at sta-
tions having directions of viewing either in or
steeply inclined to the ecliptic plane, and there was
no significant anisotropy at the onset of the new
cosmic ray cycle. Comparison of recordings at South
Pole and McMurdo showed that recovery of lower-
energy particles predominated during the epoch of
solar minimum, but both low- and high-energy com-
ponents reached their peak intensities at the same
time. Although the average annual diurnal vector at
McMurdo is anomalously small, the amplitude on
individual days is not. This is indicative of day-to-
day changes in the energy dependence of the di-
urnal modulation.

Geodetic Satellite Observations
at McMurdo Station

DAVID L. MOTT
Physical Science Laboratory
New Mexico State University

The Physical Science Laboratory of New Mexico
State University has operated a Doppler satellite
tracking station at McMurdo since February, 1965.
Three men, one engineer and two student assistants,
staff the station. A continuous watch is maintained,
and during the first year about 700 satellite passes
per month were recorded.

The tracking equipment is designed to receive two
coherent radio frequencies transmitted from satel-
lites launched in polar orbits specifically for Dop-
pler-tracking purposes. The received frequencies dif-
fer from the transmitted frequencies because of the
Doppler effect, which involves the following two
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factors: the relative velocity (RV) between the trans-
mitter and receiver, and the rate of change of inte-
grated electron density (lED) along the transmission
path through the ionosphere. At the tracking sta-
tion, the two received signals are processed in a
special mixing circuit which provides two continuous
outputs: one frequency proportional to RV and the
other proportional to the rate of change of lED.

The RV data from McMurdo, together with
those gathered from a worldwide network of track-
ing stations, are used in a study of the Earth's gravi-
tational field. By calculating from these data the
precise motion of a satellite as it orbits the Earth,
it is possible to infer the precise nature of the gravi-
tational field in which the motion takes place. This
geodetic study is being carried out at Johns Hopkins
University.

(Photo: K. G. Sandved)
Doppler Tracking Equipment at McMurdo.

A measure of the lED along vertical paths through
the ionosphere can be obtained by processing the
data of the rate of change of lED in a reduc-
tion procedure which includes consideration of the
motion of the transmission path relative to the iono-
sphere. This work is being carried out at the Physi-
cal Science Laboratory and provides a record of the
total electron content of the antarctic ionosphere.
The chief value of this record is to establish long-
term trends in the electron density.

The accuracy of the data recorded depends on
the station's standards of time and frequency. The
clock at McMurdo is kept in synchronism with the
Bureau of Standards' clock at station WWV in
Washington, D.C., to an accuracy of ± 50 micro-
seconds, and the frequency standard is calibrated
periodically to an accuracy of one part in 1011.

Antarctic Research and Data Analysis,
1965-1966

RUDOLF B. PENNDORF and
GERALD F. ROURKE
Space Systems Division

Research and Technology Laboratories
Avco Corporation

Beginning in 1962, Avco's Space Systems Division
has conducted a general program of geophysical re-
search dealing with the Antarctic. The myriad of
data continually being obtained, beginning with the
International Geophysical Year, has been an im-
portant element of these studies. The major sources
of data are the World Data Centers in Boulder, Colo-
rado (ionosphere) and Rockville, Maryland (go-
magnetism).

The continuing exploration of the antarctic iono-
sphere has focused attention on several unusual
properties of the F-layer. In the area of the Antarc-
tic Peninsula, the anomalous diurnal behavior of
this layer has been the subject of an investigation by
Rourke (1966). Characteristic of the anomaly is a
summer diurnal variation with a late evening and
early morning maximum and a noontime minimum.
Alouette—I topside electron-density profiles have
shown that the evening increase extends to an alti-
tude of at least 1,000 kilometers. Electron-density
changes are accompanied by a decrease in the local
scale-height, which we interpret as primarily due to
a decrease in the electron-ion temperature. The geo-
physical model to account for the observed iono-
spheric changes depends upon the geomagnetic field
lines being sunlit in one hemisphere and dark in
the other. Electrons precipitate from the protono-
sphere into the ionosphere at certain times after
sunset in each hemisphere. The study concludes that
the summer evening increase in F-layer density
above the Antarctic Peninsula is but one element in
a worldwide F-layer system that is dependent upon
ionosphere-protonosphere coupling for its mainte-
nance.

The interrelationship between ionospheric F-
layer height changes, blackout conditions, and mag-
netic activity during relatively quiet magnetic peri-
ods prior to storm sudden commencements has
been reported by Bowman (1966a). Among the re-
sults is evidence for 24-hourly periodicities in
these parameters, suggesting that 24 hours before
sudden commencements, the frequency of occur-
rence of negative magnetic bays and auroral-zone
ionospheric height rises is enhanced.

lonogram information on the angle of elevation
of spread-F satellite echoes has been used to in-
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