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Four series of jet aircraft flights have been flown
between 1967 and 1971 on conjugate paths south of
New Zealand towards Antarctica and concurrently
over Alaska. Excellent conjugate data were obtained,
and the data have established the existence of two ap-
parently distinct auroral arc systems: an equatorward
arc system on field lines almost unperturbed by sub-
storm activity and a poleward arc system on field lines
highly susceptible to distortions. Further, apparent
substorm-dependent conjugate point wandering was
observed in the poleward arc system (Stenbaek-Nielsen
et al., 1972).

To remove diurnal and seasonal ambiguities exist-
ing in conjugate point wandering, five successful con-
jugate flights were flown in September 1971 to obtain
data covering the onset of a substorm. Also, good
television coverage of very active pulsating auroras
was obtained.

Earlier conjugate work by Davis (1969) and also
by Stenbaek-Nielsen et al. (1972) has indicated that
pulsating auroras are conjugate. However, prelimi-
nary inspection of the 1971 data indicates a more
complex behavior. It may be that different classes
of pulsating auroras exist, some of which display
conjugacy and others do not. This indication cer-
tainly warrants further investigation.

During the year an investigation was completed of
auroral intensities at conjugate points, derived from
all-sky camera data from all 18 flights. The figure
shows the typical features of the two auroral arc sys

-tems. The intensity variations in the equator-ward
arcs (0840-0910 UT and 1033-1130 UT) are well
correlated, with the Alaskan auroras about 30 per-
cent brighter than their conjugate counterparts. In
the poleward arc system (0910-1033 UT) large un-
correlated variations appear. Some, such as near
0925 UT, may be explained by the conjugate point
wandering, which results in different aspect angles
to the auroral forms. Fairly frequent examples, such
as 0946 UT, were observed with auroras only visible
over Alaska, but no example of the opposite has yet
been observed.

The hemispherical differences in auroral intensities
have been attributed to the 8,000-gamma difference
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Relative all-sky auroral intensities at conjugate areas along the New Zealand-Alaska magnetic meridian observed March 29, 1968.
The different characters of the equatorward arc system observed between 0840 and 0910 UT and again from 1033 to 1130 UT cinri
the poleward arc system observed 0910 to 1033 UT are clearly seen. The all-sky camera pair 0855 UT are 6-second exposures, the
rest are 3-second exposures. At 0925 UT the southern hemisphere aurora is displaced east of the northern, and the higher intensity
observed in the south is not real. At 0946 UT an example of high north-south intensity ratio; at 0942 similar auroral forms were seen,

but then those in the south faded. From Stenboek-Nielsen, et al., in press.
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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
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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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