provide more detail on the subglacial topography than
would be available from the seismic sounding alone.
The gravity survey was carried out in a series of
loops, with frequent reoccupation of stations. A new
gravity base was established at Byrd Station and tied
to the base station at McMurdo.
Preliminary results indicate that the bedrock topography beneath the Byrd strain network is fairly irregular. The ice thickness increases irregularly from
about 2,400 m near Byrd Station to more than 3,000
m at the end of the network, indicating that the glacier bed is several hundred meters lower beneath the
ice divide than it is under Byrd Station. Relatively
small reflections preceding and following the main
bottom reflection have been noted on the seismic
records. The relationship, if any, of these events to
the deep-core record will be investigated.

UPPER ATMOSPHERE PHYSICS
Magnetospheric Studies Using
Balloon-Borne Instrumentation
JAMES R. BARCUS, FRANK E. WHITE, and
PAUL R. WILLIAMSON
Department of Physics
University of Denver
In continuation of our previous summer's investigation of the precipitation of energetic electrons out of
the magnetosphere (Barcus et al., 1967), a second
series of high-altitude balloon flights was conducted
from Byrd Station during January and February
1968. During the same period, a similar series of
flights was carried out in an area that is magnetically
conjugate to that of Byrd Station—near Hudson
Bay in northern Canada. Polyethylene balloons of
100,000 cu-ft capacity and payload instrumentation
consisting of energetic-particle and X-ray detectors,
associated pulse-analysis circuitry, and telemetry gear
were similar to those used previously.
The surface winds and weather conditions at Byrd
Station were generally quite favorable for balloon
inflation and release; on only two occasions were
surface conditions so severe as to force postponements
of planned releases. Extremely light stratospheric
winds over Byrd Station and excellent balloon and
payload performances combined to yield an average
of about 40 hours of useful data per flight. Unfortunately, meteorological conditions in the vicinity of
Hudson Bay were most unfavorable, both at the
surface and in the stratosphere. As a result, only a
limited amount of new information relating to conJuly-August 1968

jugate features of electron precipitation was obtained.
Two intervals of enhanced solar activity occurred
during the flight series although the resulting levels
of geophysical disturbance were not particularly
outstanding. Nevertheless, typical auroral-zone activity was frequently encountered, and a number of
new and significant observations were recorded by
our instruments in both hemispheres. While the
analysis of the observations is incomplete at this
time, some preliminary results concerning two special
types of electron precipitation observed over Byrd
Station will be noted briefly here.
Sudden Commencement Precipitation
Geomagnetic sudden commencements or sudden
impulses are believed to be the result of the impact of
solar plasma on the Earth's magnetosphere or of
violent but transient readjustments of the magnetic
intensity in the extended geomagnetic cavity. On
only a few occasions have observations been reported
of energetic electron precipitation accompanying these
unusual perturbations. Thus, there is considerable
current interest in examining such occurrences in
detail in order to establish better the character of the
radiation, its origin, and its relation to the more
common forms of electron precipitation observed in
the auroral zones.
At 1440 UT (0640 Byrd local time) on January'
26, a very rapid and pronounced increase in bremsstrahlung X-radiation was observed by our instruments at 8 9/cm2 residual atmospheric depth (Fig.
1). This increase was due to the bombardment of
the upper atmosphere by electrons with energies exceeding 20 key. The radiation enhancement was
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Figure 1. Enhancement in bremsstrahlung radiation due to
the precipitation of energetic electrons accompanying and
following a geomagnetic sudden commencement disturbance
on January 26, 1968.
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simultaneously accompanied by a similarly sudden
and pronounced increase in the horizontal component
of the Earth's magnetic field at Byrd Station as well
as at low-latitude magnetic observatories, such as
those at Honolulu and San Juan. Although the sudden commencement feature was quite clear, the
subsequent disturbance did not reach storm proportions.
The electron precipitation coincident with the sudden commencement was highly structured in time
(Fig. 2), with significant variations extending to a
time scale of less than one second. On the other hand,
the more intense and enduring precipitation, which
was observed to follow the sudden commencement
by about 40 minutes, was quite different. Although
significant variations, on the order of minutes in
duration, occurred in this latter event, the precipitation was otherwise exceedingly smooth and exhibited
no tendency towards more rapid fluctuations.

may simply reflect the local-time dependence which
is known to exist for certain types of auroral-zone
precipitation (Barcus and Rosenberg, 1966; Parks
et al., 1968) rather than specific magnetic-impulse
mechanisms. Further observations and theoretical
study are needed to clarify this interesting and important feature of auroral-zone phenomena.
Periodic Microburst Precipitation
Observation has established that energetic electron
precipitation in the auroral zones is far from steady;
rather, it is highly dynamical, exhibiting a temporal
structure from 10-2 to 103 seconds. These observations have come principally from experiments carried
out by means of balloon platforms, which are relatively steady and thus admirably suited to this task.
Anderson and Milton (1964) investigated rapid temporal variations and introduced the term "micro-
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Figure 2. Higher time resolution of the radiation accompanying the sudden
commencement.
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Figure 3. Selected samples
of microburst activity observed at Byrd Station between 1500 UT and 1600
UT on February 3, 1968:
(a) single, isolated bursts,
(b) double- and triple-burst
groups, and (c) more complicated structures.
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These results are somewhat different from those
we obtained last year at Byrd Station for a suddencommencement event (Barcus, 1968). Also, the present results are quite dissimilar to those obtained by
Brown (1967) for a sudden-impulse event; his observations (taken near local noon) showed that the
sudden-impulse radiation was rather smooth, whereas
the auroral-type precipitation preceding it was highly
structured in time. As has been pointed out before,
the resolution of this seemingly paradoxical behavior
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bursts" for transient enhancements (0.25 seconds
full width at half maximum) of bremsstrahlung
X-rays. As with other types of precipitation that await
satisfactory quantitative explanation, empirical periodicities contain a wealth of information pertaining
to the acceleration and/or release mechanisms at work
in the magnetosphere.
Between 1500 and 1600 UT on February 3, we
were fortunate to record an interesting microburst
event. Some of the observations are shown in Fig. 3.
ANTARCTIC JOURNAL

In the early part of the event, the microbursts occurred principally as single, isolated structures (Fig.
3a). Approximately midway through the event,
double- and triple-burst structures predominated, with
a well-resolved temporal separation of 1-2 seconds
within a given group (Fig. 3b). Finally, towards the
end of the event, more complicated structures were
seen, but still with a similar intragroup spacing
(Fig. 3c).
We wish to call attention to three largely qualitative facts: (1) for an interval of about one minute,
a striking 6-second periodicity appeared in the occurrence of isolated microbursts (Fig. 3a) ; (2), a
persistent intra-group spacing of 1 to 2 seconds frequently appeared; and (3), commencing with the
microburst activity and continuing throughout its
duration, there were recorded similarly structured
VLF emissions at Byrd Station and its magnetic
conjugate, Great Whale River, Canada. We are presently studying these features, as well as others, in
greater quantitative detail and will report on them
at a later time.
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Conjugacy of Visual Auroras During
Magnetically Disturbed Periods
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Optical measurements of auroras near magnetically
conjugate points provide information on distortions
of the geomagnetic field caused by solar-wind pressure
and electric currents within the magnetosphere and on
the source and trajectories of the auroral particles. In
March 1967, conjugate-point observations were made
simultaneously aboard two NC-135 aircraft equipped
with all-sky cameras on three round trips each across
the northern and southern auroral zones (Belon et al.,
1967). Magnetic activity was very slight during all
three flights, with the College K-index remaining
between 0 and 2. Nevertheless, auroras were recorded
between dipole (dp) latitudes 65° and 710. They displayed a striking similarity in shape and intensity, at
times being nearly mirror images of each other. Within the accuracy of the measurements, these auroras
July-August 1968
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were found to be magnetically conjugate according
to a model of the geomagnetic field that takes into
account only sources of magnetism within the Earth
(Hendricks and Cain, 1966). A tendency of the southern auroras to be slightly eastward of the northern
conjugate auroras was ascribed to a slight asymmetric
distortion of the geomagnetic field due to solar-wind
pressure and Earth-sun geometry.
To investigate the conjugacy of auroras over a
wider range of latitudes and, hopefully, during
periods of greater magnetic activity, a series of five
NC-135 conjugate flights was made during the newmoon period of the 1968 spring equinox. The instrumentation installed aboard the two aircraft was more
sophisticated than that used during the 1967 flights
and was intended to provide good spatial and temporal resolution as well as spectral information. It included an all-sky camera that takes photographs every
5.0 seconds with an exposure duration of 3.0 seconds,
an image orthicon television camera that has a field of
view of 40° at the zenith and that records auroras at
30 frames per second, a meridian-scanning photometer (on the northern aircraft only) that measures 8
prominent auroral emissions continuously, and a riometer to provide information on the precipitation of
auroral particles having energies greater than 30 Key.
Several narrow-field cameras, zenith photometers, and
a magnetometer were also operated on each aircraft.
The flight paths were approximately the same as
those flown in March 1967, except that the range of
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