enigmatic enhancement was produced by particles
that had suffered multiple reflections between a
pair of converging shock waves which sandwiched
the earth. Levy et al. (1976) confirmed this model
quantitatively by theoretical calculations of adiabatic acceleration through the first order Fermi
process.
Figure 1 shows the intensity profiles for McMurdo
and South Pole, predicted on the basis of the observed shock parameters. The computed results
agree substantially with the nucleonic intensity
measurements. Delay in initial growth of the observed flux compared with the calculated curves
can be ascribed to late development of the particle
reflection coefficient of the interplanetary shock
fronts. Further study has revealed that the conditions required for accelerating particles to relativistic energy in this manner occur rarely in the
solar system. However, some galactic cosmic rays
may be accelerated by this mechanism elsewhere
on a far larger scale.
Transient modulation. Forbush decreases and other
transient intensity modulations generally have been
attributed to the after effects of solar flares. This
conventional approach must be modified in the
light of a new study that is still in progress. Figure
2 shows the result of a superposed epoch analysis
of the nucleonic intensity at McMurdo, with the
zero day corresponding to the time of occurrence
of all solar flares with Importance of at least 2
during the 11-year period 1964-1974 (one sunspot
cycle). This figure reveals an unexpected result: the
composite cosmic ray decrease starts several days
before the time of arrival of solar plasma from the
flares, indicated by the vertical dashed line. Consequently, extreme caution must be exercised in
assigning specific flares to observed cosmic ray
intensity fluctuations. Preliminary investigation of
this puzzling finding has indicated that, contrary
to folklore, the majority of the transients are, in
fact, produced by the central meridian passage of
active centers (Duggal and Pomerantz, 1976).
This research was supported by National Science
Foundation grant DPP 75-03324.
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Figure 2. Superposed epoch analysis of the cosmic ray intensity at McMurdo. Day zero is the time of occurrence of
each of the 379 solar flares having an Importance of at least
2 during an entire sunspot cycle. The dashed line indicates
the arrival near earth of the associated solar plasma that previously was assumed to coincide with the onset of the modulation.
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South Pole auroral photographs
taken by DMSP satellites and
an all-sky camera
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An exciting event in auroral studies in 1975-1976
was the successful operation of auroral scanners
aboard the DMSP (Defense Meteorological Satellite
141
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12 June 1975; it also includes several all-sky photographs taken shortly before and after passage of the
satellite. Analysis of these photographs is in prog-
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Figure 1. Montage photograph of the auroral oval taken from
above the Antarctic on 15 June 1975.

Program) -8531 and -10533 satellites (Snyder and
Akasofu, 1976).
The scanners remove sunlight interference and
thus provide remarkable photographs of auroras
that lie along the late morning, midday, and early
afternoon parts of the auroral oval over the Antarctic. Figure 1 shows a composite (montage)
photograph taken from DMSP-8351 (orbits 6468
and 6472) and DMsP-10533 (orbit 315) on 15 June
1975 (Akasofu, in press). A cross locates the variant
pole, and a line from the invariant pole toward the
top of the photograph locates the magnetic noon
meridian. The midnight sector of the oval is toward
the bottom, the afternoon-morning sector is on the
right side, and the forenoon-morning sector is on
the left side. Typical substorm features, such as a
large-scale poleward expanding bulge, an intense
westward traveling surge, and well-developed
omega bands, can be identified.
Photographs are taken by DMSP about every 100
minutes. All-sky photographs are taken from the
South Pole every minute. The combined availability
increases the usefulness of both the DMSP and the
all-sky photographs. For example, auroral arcs in
the morning sector have not been studied in detail
because they occupy a much larger area than an allsky camera can cover and they vary considerably
during the orbital period of DMSP satellites.
Fortunately, we now have both all-sky photographs and DMSP photographs that supplement
each other in studying these auroras. Figure 2
shows an example: simultaneous DMSP and all-sky
photographs taken at 1023 Universal Time(UT)on
142
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Figure 2. Simultaneous auroral photographs taken from the
South Pole and from the DMSP-8531 satellite at 1024 Universal Time, 12 June 1975, together with several au-sky
photographs before and after the satellite passage.
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