
in conjugate magnetic field strength in the Alaska-
New Zealand meridian. Pitch-angle diffusion may
explain the observations in the equatorward arc sys-
tem, but also other processes, perhaps field-aimed
electric fields, must be at work in the poleward arcs.

The intensity study indicates the existence of sig-
nificant hemispherical and longitudinal differences in
auroral morphology. We hope to investigate this
further in the coming year.

The conjugate flights were made possible through
the cooperation of many groups. The Geophysical
Institute's participation has been funded by National
Science Foundation grants GA-20212 and GV-28809.
The Los Alamos Scientific Laboratories, Sandia Cor-
poration, General Dynamics and E.G.&G. Corpora-
tion worked under the auspices of the Atomic Energy
Commission. The aircraft were operated by the U. S.
Air Force and were funded by the Nevada Oper-
ations Office of the Atomic Energy Commission.
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Solar cosmic ray investigations
during 1971

A. J . MASLEY, M. B. BAKER, and P. R. SATTERBLO'M
Space Sciences Department

McDonnell Douglas Astronautics Company-West

In 1971, 11 solar cosmic ray events having greater
than 0.4 decibel absorption at 30 megaHertz were
observed (see table). Fourteen events had been ob-
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served in 1970, but two of the 1971 events (on Janu-
ary 24 and September 1) were larger than any in
1970. For comparison, 21 events were observed in
1969, 20 in 1968, and 16 in 1967.

Solar cosmic rays in space have been measured
with instrumentation aboard two satellites - the
OGO-3 ionization chamber and the IMP-F (Ex-
plorer 34) proton spectrometer. We compared these
measurements with simultaneous observations of 30-
megal-Iertz riometer absorption made near the geo-
magnetic poles during several solar cosmic ray events
(Kane and Masley, 1972). A relationship of the
form A = KJ" 2 was found to exist between rio-
meter absorption A (decibels) and intensity J (par-
ticles per square centimeter per second per steradian)
of protons with energy E greater than 10 million
electron volts, the constant K = 0.32 being inde-
pendent of the shape of the energy spectrum of the
solar particles. For protons of other energies, the
value of K depends on the shape of the energy spec-
trum. An example (during the May 23 1967, event)
for three energies is shown in fig. 1. It is suggested
that large deviations from the relationship A =

Solar cosmic ray events in 1971.

Maximum
Preliminary flare candidate	 Solar radio emission	absorption

Date	 Start time (UT)	Importance	 Position	type-intensity	(dB at 30 MHz)

Jan 24	 2215	 313	 19'N. 49'W.	 IV-3	 11.8
Apr 1	 1319	 3N	 17'S. 14'W.	 IV-2	 0.4
Apr6	 0935	 lB	 18'S.80'W.	 -	 3.8
Apr 20	 0439	 2N	 20'N. 20'W.	 -	 0.5
May 16	 1411 on 14th	 213	 050N. 11'E.	 IV-3	 1.3
Sep 1	 2035	 -	 -	 IV-2	 4.2
Sep 24	 2245	 2F	 15'S. 80'E.	 -	 0.5
Oct 3	 1356	 2B	 14'N. 14 0 E.	 IV-3	 0.6
Dec4	 1100	 -	 -	 0.7
Dec 16	 1700-2000	 -	 -	 0.9
Dec 29	 2330	 -	 -	 0.7
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0.32J" 2 can be used to study the entry of low energy
solor protons into the earth's atmosphere.

The expected values of the 30- and 50-megaHertz
riometer absorptions have been calculated for the
larger events between June 1969 and September 1970
using data from the McDonnell Douglas charged
particle experiment on the polar-orbiting OGO-6
satellite. Several times during each event the satellite
passed over the McDonnell Douglas arctic and
antarctic geophysical observatories. The calculated
total absorption (using 2-minute averages of the
data) agrees well with the measured absorption for
the passes. The alpha particle and electron contribu-
tions during the events usually amount to less than
a few percent of the proton absorption. However,
during the large November 2, 1969, event, the elec-
trons produced the major part of the absorption be-
fore the peak and a significant contribution during
virtually its entire duration. The calculated and
measured 30-megaHertz absorptions during this event
are shown in fig. 2.

The OGO-3 and IMP-F study was a joint effort
with S. R. Kane of the University of Minnesota. The
OGO-3 experiment (at the University of Minnesota)
and the OGO-6 experiment were supported by the
National Aeronautics and Space Administration. The
McDonnell Douglas polar station program is sup-
ported by National Science Foundation contract C-393
and the McDonnell Douglas Independent Research
and Development Program. We are indebted to the
Canadian Government for allowing operation of the
Shepherd Bay, N.W.T., Station.
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The cosmic ray flux in interstellar space (galactic
cosmic radiation) is known to be essentially invariant
and isotropic. However, in the interplanetary region
the galactic cosmic ray intensity is strongly modulated
by the sun, which, in addition, spawns its own brand
of energetic cosmic rays on certain occasions. The
signature of the solar disturbances and the multi-
farious manifestations of solar activity can be identi-
fied in the resulting complicated temporal variations
in the energetic particle intensity in the inner solar
system. Consequently, both galactic and solar cosmic
rays are eminently well adapted for investigating the
solar-induced electromagnetic state of the interplane-
tary medium, as well as of the immediate environs of
both the sun and the earth.

Observations from the crucially disposed Bartol
network of polar stations (South Pole , McMurdo,
and Thule) have recently established that a north-
south anisotropy is a characteristic feature of every
cosmic ray storm (Pomerantz and Duggal, 1972;
Duggal and Pomerantz, 1971). An unusual type of
north-south anisotropy was discovered last year dur-
ing the cosmic ray storm of January 27, 1971 (fig. 1).
In this event no reduction in intensity was observed
at antarctic stations for 24 hours (period E in fig. 1)

January, 197 I

Figure 1. Nucleonic intensity at a pair of northern (N) and
a pair of southern (S) stations displaying an unusual axial
anisotropy. The inset shows the fit of fractional Intensity data
to a straight line as predicted by a theoretical model. X
represents the effective asymptotic laiude of the stations. From
left to right along the abscissa, the stations are McMurdo, Dumont
d'Urville, South Pole, Swarthmore, Kerguelen, Sulphur Mountain,
Calgary, Deep River, Kid, Uppsala, Goose Bay, Kiruna, Inuvik,

Thule. and Alert.
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