heating at 700°C., the Ar 36 / 38 ratio in this argon
was 5.2±0.1. This argon is similar to that first found
by Merrihue (1964) in ocean sediments and to the
primordial argon in meteorites. This argon is conclusive evidence for extraterrestrial material. In two
samples from the filter-paper collections, the amount
of primordial argon was less than one-tenth the
amount in the dense fraction. The primordial argon is
concentrated in the dense fraction that consists largely of magnetite; the magnetite is probably extraterrestrial.
Approximately 10-10 cm 3 /g of He was found in
the second sample of the dense fraction. At the temperature at which the He' was released, 700 0 C., the
He'/He ratio was 1.5 >< 10. This helium could
have a component similar to the primordial helium
in gas-rich meteorites.
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Investigations of Cosmic Ray Intensity
Variations in Antarctica
MARTIN A. POMERANTZ
Bartol Research Foundation of
The Franklin Institute
Spatial anisotropies are studied with ground-based
cosmic ray instruments by relating observed time
variations in the intensity to directions in space by
means of highly sophisticated analytical procedures.
This technique provides the only available means for
probing the gross features of the interplanetary medium, as well as the electromagnetic conditions in regions of space that are not accessible to spacecraft.
Portions of the celestial sphere that lie appreciably far
outside the ecliptic plane can be viewed only by instruments located at very high latitudes, hence polar
stations are crucial for investigating the three-dimensional spatial characteristics of the interplanetary
medium.
Last year, the discovery of a new type of cosmic ray
intensity variation, characterized by a north-south
asymmetry, was reported. This discovery stimulated a
concerted search for other events manifesting anisotropies perpendicular to the ecliptic plane. Several
have been identified and are now being studied in
great detail. Although there are notable differences in
the characteristics of the individual events, the observed intensity fluctuations at the different stations
appear to be in general accord with the predictions of
a theoretical model based on a diffusion mechanism.
An unusual event followed the sequence of solar
disturbances in September 1966 (see figure). The
cosmic ray flux at the antarctic stations started to decrease on September 14 and, on September 15,
reached a minimum value about 4 percent below
the pre-event level. However, the intensity reduction
at the arctic stations Thule and Alert did not begin
until September 15. In an effort to understand the
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Nucleonic intensity recorded at McMurdo and at Thule, Greenland, following solar disturbances on September 14, 1966.
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mechanism that produced this remarkable intensity
gradient along the Earth's rotational axis, a detailed
analysis is being carried out.
The detection of a long-term north-south asymmetry, if it exists, is of fundamental importance for
understanding the solar-controlled modulation mechanisms. Although data covering a complete solar cyGle
are not yet available from our antarctic stations, preliminary analysis of the observations made between
1961 and 1967 have revealed that the yearly average
intensity difference between the Arctic and the Antarctic is less than 0.5 percent.
Another investigation involving the data from McMurdo and South Pole Stations has led to the important finding that the long-term (solar cycle)
modulation of cosmic rays is s ymmetric, i.e., the net
reduction in the primar y flux in the vicinity of the
Earth (below the unmodulated galactic level that
prevails be yond the boundary of the solar magnetic
regime) is the same in the equatorial plane as it is
in the direction perpendicular to it. This fact is
relevant in determining the shape and extent of the
magnetic cavity carved out of the galactic magnetic
field by the frozen-in magnetic fields transported by
the solar wind.
No ground-level events, marking the arrival of
solar cosmic rays having energies greater than about
5>< 10 eV, have occurred since January 28, 1967.
New equipment for continuously recording the intensity of multiple events was installed at South Pole
and McMurdo Stations in 1968. It allows comparison, with a single instrument, of time variations of
different portions of the energy spectrum of the incident primaries.

Ionospheric Forward-Scatter
Program in the Antarctic
MARTIN A. POMERANTZ
Bartol Research Foundation of
The Franklin Institute
The ionospheric forward-scatter network was designed to study low-energy solar particles during a
period of minimum solar activity (1964-4965). However, despite the fact that the choserL frequency, near
24 MHz, was optimal only under quiet-sun conditions, it has also been possible to derive meaningful
results from data recorded during the subsequent
epoch. For this reason, the operation of the links between Byrd and South Pole, Byrd and McMurdo,
and McMurdo and Vostok has been continued.
Analytical attention has been devoted to studies
of the development and occurrence of sporadic-E in
the polar cap. The unique advantage of the forwardNovember-December 1968

scatter technique in this type of investigation is that
the recording is continuous, thus making it feasible
to study E of any duration. This is not possible with
ionograms that sample the ionosphere routinely at
discrete intervals (15 minutes). Furthermore, the
standardization of the forward-scatter method enables quantitative intercomparison of records obtained
at different locations.
While the transmitted signal is normally reflected
by a scatter process from heights in the range of 7085 km, the transmitter and receiver antenna patterns
illuminate the area between 50 and 120 km above
the midpoint of the path. Consequently, a sporadicE layer at about 100 km, for example, will enhance
the received signal, generall y sufficiently to mask the
regular scatter signal.
Under these conditions, and for the path lengths
and propagation frequencies of the highest latitude
links (Byrd-McMurdo. 1,485 km. 23.280 MHz; and
McMurdo-Vostok, 1,312 km, 23.900 MHz), a minimum plasma frequency of 5 MHz is required to reflect the si gnal. The data from these links were studied
to determine the variations in E occurrence as a
function of K1), K v08t0k, season, and time of day
(see figure). It was found that, for both links, sporadic-E propagation is associated with events that last
longer than one hour. At L>20 (McMurdo-Vostok),
there are diurnal, seasonal, and K 1)-dependent variations. The diurnal variations depend on the season.
They are most notable in the longer-lasting E events.
There is a tendency for the E events to persist longer
in summer than in winter. At L= 14.4 (Byrd-McMurdo), the variations are similar to those for L>20
except that the K1)-dependence seems less marked and
the diurnal distribution does not depend on the season.
Theoretical calculations aimed at identifying the
nature of the precipitating particles with which sporadic-E is associated have been carried out. It appears
that forward-scatter E8 propagation ma)' be produced
by moderate-energy protons.

Variations in
E,-occurrence
as a function
of season and
time of day.
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