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Figure 2. Five-minute ionospheric sounding of Spread F at 2.3
megahertz, Roberval, Quebec.

make up the Spread F echo at this time; the primary trace is at
about 235 kilometers, and the other two show up erratically at
about 250 and 265 kilometers. All traces show rapid variations
in range of several kilometers, and there is evidence that one
trace may merge with another.

The top panel shows that the amplitude of the primary echo
is roughly 10 times that of the others and that all show rapid
fading. Equally rapid changes are exhibited in the locations of
the echoes. The primary echo appears to be centered somewhat
south of Roberval but varies over several tens of kilometers.
The weaker echo comes primarily from the northeast for the
first half of the run and then more from the west. The variations
in location are too rapid to be explained by bulk motions of
the plasma typically seen in the F-region at these latitudes;
they may be due to rapid changes in the orientation of the
surface that reflects the signals (i.e., speckling).

The two figures are good examples of the quantity of detailed
data that the new digital sounder easily can provide over both
very short (- seconds) and very long (- days) time scales.
Further information can also be extracted from the recorded
data, such as propagation mode. This instrument, which will
be installed at Siple Station in January 1982, should greatly
enhance our ability to study the dynamic high-latitude iono-
sphere and its relation to magnetospheric dynamics, electro-
magnetic and neutral atmosphere waves, and magnetic vari-
ations.

This work is supported by National Science Foundation
grant DPP 77-22170. It is being carried out in cooperation with
C. G. Park and R. A. Helliwell of Stanford University and L.
J . Lanzerotti of Bell Laboratories. Fieldwork has been con-
ducted by F. T. Berkey, J . R. Doupnik, and S. Walter; in
addition, field operations at Roberval have been greatly aided
by R. Taillefer.

Cosmic ray intensity variations

M. A. POMERANTZ, S. P. DUGGAL, and C. H. TSAO

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19711

Cosmic ray detectors in Antarctica located at McMurdo and
South Pole Stations continually record the interplanetary
"weather" conditions on time scales ranging from minutes to
several decades. These stations, operating in concert with oth-
ers in the Bartol network—at Thule, Greenland, and Newark,
Delaware—provide crucial three-dimensional information
concerning the dynamics and structure of the heliosphere in
which the solar plasma and the associated "frozen-in" mag-
netic fields play a dominant role in the propagation of energetic
charged particles.

Recent studies of the relationships between the relativistic
cosmic ray flux and various interplanetary phenomena have
revealed that the magnitude of the correlation coefficient rep-
resenting linear regression between the strength of the inter-
planetary magnetic field (IMF) and the cosmic ray intensity is
rather small. In an attempt to understand this puzzling result,

we have analyzed, by the method of superposed epochs,
nucleonic intensity data recorded during the period 1965-71
at our polar stations and at an equatorial viewing station that
has a high geomagnetic threshold rigidity. Figure 1 shows the
results of selecting the key days on the basis of an abnormally
high IMF magnitude (B> lly) and low (B < 5y), respectively.
A new statistical technique (Forbush et al. 1981) that we have
developed to test the significance of results obtained with this
type of analysis has revealed that the intensity variations dis-
played in figures 1(a) and 1(b) represent a real phenomenon.
These figures establish the following results:

• The cosmic ray intensity decreases during periods asso-
ciated with high values of the IMF (IMF> 11 x 1V gauss).

• On days characterized by low values of IMF (B < 5 x 10
gauss), the cosmic ray intensity increases.

• Both positive and negative modulations attain their max-
imum 1 day after the selected epoch date, a finding that throws
light on the plasma configuration that is responsible for pro-
ducing the cosmic ray intensity variation.

• At polar stations, the intensity fluctuations associated
with magnetic field changes are larger than they are at sites
characterized by high cut-off rigidity.

In addition, we have found that on many days when the IMF

is close to the mean value of about 6 x 10 gauss, no significant
nucleonic intensity variations are detected at the polar sta-
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Figure 1. Superposed epoch analysis of polar and equatorial
nucleonic intensity with respect to epoch days characterized by
(a) IMF> 11 y and (b) IMF < 5 y. IMF = interplanetary magnetic field.

tions. Taken together, these results show that only large depar-
tures from the mean IMF are effective in producing the corre-
sponding cosmic ray modulation (Duggal et al. 1981; Schaefer
1981).

The cosmic ray observations at McMurdo and South Pole
Stations originally established that every cosmic ray storm is
characterized by north-south (N-S) anisotropy (Duggal and
Pomerantz 1971). It was subsequently demonstrated that the
sense of the axial anisotropy varies from event to event, and
that these variations are related to the inclination of an asso-
ciated interplanetary shock wave (Duggal and Pomerantz
1976). We have recently discovered that, in addition to these
transient N-S anisotropies, a long-duration axial asymmetry
that is somehow associated with solar rotation also exists
(Pomerantz et al. 1980).

A comprehensive search for possible correlations of this
long-term N-S anisotropy with various solar and interplane-
tary parameters has been conducted. It now appears that there
is a significant relationship only in the case of that component
of the IMF that is parallel to the garden-hose direction (B 11 ). In
figure 2, Chree analysis of B11 with respect to epoch days
characterized by N-S asymmetry 0.7 percent reveals that a
N-S differential flux is related to B 11 not only on key days
(epochs), but also 27 days before and after the epochs. This
result suggests that the mechanism that gives rise to long-term
N-S asymmetry associated with solar rotation is the particle
streaming caused by B 11 x gradient (n) drift where B 11 is the
IMF component in the direction parallel to that of the spiral
interplanetary magnetic field and n is the cosmic ray density
(Pomerantz et al. 1981).

This work is supported by National Science Foundation
grant DPP 79-23218.
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Riometer measurements at South
Pole and McMurdo Stations

D. L. DETRICK and L. LUTZ

Institute for Physical Science and Technology
University of Maryland

College Park, Maryland 20742

During the 1980-81 austral summer, multiple-frequency
riometer installations were made at South Pole and McMurdo
Stations. Participating in this project were D. Detrick, J . Gor-
don, L. Lutz, and T. Rosenberg of the University of Maryland.
The riometers at South Pole Station will form part of a new
upper atmosphere physics facility to investigate polar cusp
and plasma sheet phenomena; other instruments will provide
very-low-frequency (VLF), micropulse, magnetometer, iono-
sonde, electric field, and photometric measurements. The
riometers at McMurdo Station are intended to measure absorp-
tion in the polar cap region. Data from these sites will com-
plement ongoing projects at Siple Station and the magnetically
conjugate region in Canada.

The instruments installed have a frequency response flat
from 0 hertz, with a decibel rolloff at 5 hertz. They have been
placed in insulated enclosures, with thermostatically con-
trolled resistive heaters designed to maintain the internal tem-
perature at approximately 20°C over the expected range of
ambient temperatures. The enclosures can support four rio-
meters, with easy access to each for examination or removal;
all input and output voltages can be monitored externally with-
out opening the enclosures.

At South Pole, 20.5-, 30-, and 51.4-megahertz riometers were
installed approximately 1,000 meters from the new laboratory
facility in the Skylab building, along a boundary with the
clean-air sector. A similar installation at McMurdo provides
measurements at 30 and 51.4 megahertz. During the first year
of operation, the riometer signals will be recorded on low-
speed chart recorders and monitored by W. Gail (South Pole)
and D. Fullerton (McMurdo), both of Bartol Research Foun-
dation.

In the 1981-82 austral summer season, digital data logging
units will be installed at both sites. These will allow for coor-
dinated digitization and recording of analog signals from any
of the several available instruments; they will provide a com-
mon time base and sampling rates of 0.1 second, 1 second, or

10 seconds. These coordinated measurements are expected to
aid the analysis of related magnetospheric/ionospheric data.

The records produced in the first 2 weeks following instal-
lation contain several features of the data that may be repre-
sentatives of results to be obtained from the program. One
example is shown in the figure. During the period 0200 to 0900
universal time (UT) on 25 January, three separate absorption
events were found to occur simultaneously at both sites, indi-
cated by the arrows in the figure. This is noteworthy because
of the wide invariant latitude and local time separation of the
stations (South Pole at invariant latitude approximately 74.2°,
McMurdo at approximately 79.7°; local time difference approx-
imately 5 hours), and because the events correlate so closely
in time. With the installation of the digital data acquisition
systems, we expect to be able to examine such events more
thoroughly.

This work was supported by National Science Foundation
grant DPP 79-25074.
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Simultaneous occurrence of three separate riometer absorption
events (arrows) at South Pole and McMurdo Stations on 25 Janu-
ary 1981.
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