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The polyethylene balloons used had a capacity of
80,000 cu ft and carried the payloads to a nominal
floating altitude corresponding to approximately 8
mb. Owing to some extended periods of severe
weather near the surface, only 12 releases could be
attempted during the time available for the program.
However, the performances of both the balloons and
payloads were excellent. Extremely light winds in
the stratosphere permitted reception of useful data
for an average of about 40 hours, which was about
equal to the battery-limited lifetime of each payload.
The period during which these experiments were
conducted was a fairly active one geophysically, being marked by the occurrence of three geomagnetic
storms and two energetic solar proton events. While
the analysis of our observations during these disturbances is only preliminary at this time, it seems
worthwhile to call attention briefly to some interesting features which we have recognized.
Observations of a Geomagnetic Storm
On January 13, 1967, at 1202 UT (0402 Byrd
local time), a Storm Sudden Commencement (SSC)
occurred. The scintillation detector carried by a balloon released about 30 hours earlier clearly responded
about 100 seconds after the SSC to an initial
weak maximum in bremsstrahlung X-rays from energetic electron precipitation (Fig. 1). The explanation of the delay is not clear, but it seems likely that
it was related to an important characteristic time for
acceleration and release of energetic electrons following the impulsive magnetic perturbation. About
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From January 8 to February 7, 1967, a series of
high-altitude balloon flights was made from Byrd
Station. The purpose of the flights was to study the
frequent precipitation of energetic electrons out of
the magnetosphere and to investigate features of solar cosmic ray enhancements at high magnetic latitudes in the Southern Hemisphere. The payloads
consisted of scintillation counters and Geiger-counter telescopes, associated pulse-discrimination and
counting circuits, and telemetry equipment.
July-August, 1967

601

Figure 1. Bren,sstrah lung X-ray intensities recorded over
Byrd Station after the Storm Sudden Commencement on
Januar y 13, 1967.
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40 minutes of sporadic precipitation followed the
SSC, then the influx broke dramatically into a pattern of pulsations which completely dominated the
bremsstrahlung activity until the cessation of the disturbance over Byrd Station at about 1400 UT. The
pulsations are remarkable for their large relative
amplitude, which is indicated by the fact that the
intensity minimum approached the background level
of activity. Furthermore, consideration of the temporal spacing of the major pulsations strongly suggests a quasi-period of approximately 20 minutes,
which is unusually long (Barcus and Christensen,
1965). It has recently come to our attention that
intense bursts of ultra- and very-low-frequency emissions were observed both in Antarctica and the
Northern Hemisphere in close time coincidence with
these X-ray pulsations. In addition, throughout this
same period, magnetometer measurements carried
by the ATS 1 geostationary satellite at 6.6 Re
(Coleman and Cummings, 1967) indicate a pronounced compression of the geomagnetic field with
superposed fluctuations that may have a hydromagnetic origin. We are currently exploring the possibility that interaction of energetic electrons with
either electromagnetic or hydromagnetic waves
might quantitatively account for the electron flux
which the observations revealed to have occurred.
Solar Proton Events

Increases in the intensity of particles of cosmic
ray energies arriving at the Earth were observed to
commence on January 28 and February 2. The
event of January 28 (Fig. 2) was of major proportions and is particularly noteworthy for the following reasons:
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(I) There had been no report of a large solar
flare nor of extensive solar radio emissions
to which the particle event could be linked.
(A small, class lB flare occurred at 0728
UT on the 28th, however.)
(2) The proton energy spectrum extended well
into the Bev range, which resulted in a
significant increase in the arrival of these
particles at sea level at middle latitudes—the
first such increase during the present solar
cycle.
(3) No related Forbush decrease nor geomagnetic storm occurred.
These features appear to be consistent with the
occurrence of a large eruption behind the eastern
limb of the sun. In particular, our preliminary analysis of the temporal profile for protons having energies greater than 100 Mev indicates an average
diffusion coefficient of 1/36 (AU 2)/hr, a delay
time from injection to arrival at Earth of about 8090 minutes, and a time from injection to intensity
maximum of approximately 6 hours. The exponential decay (T 1) 20 hr) observed for the particle
intensity late in the event suggests that the diffusion
mechanism is effective within 2.0-2.5 AU but that
beyond that range the particles find relatively easy
escape from the inner solar system. These results are
similar to Winckler's (1963) analysis of the September 3, 1960, event which had its origin in a very
large flare on the eastern limb of the sun.
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Figure 2. Intensities of cosmic ray particles over Byrd
Station between January 28 and February 1, 1967.
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