
In the early part of the event, the microbursts oc-
curred 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 qualita-
tive facts: (1) for an interval of about one minute,
a striking 6-second periodicity appeared in the oc-
currence of isolated microbursts (Fig. 3a) ; (2), a
persistent intra-group spacing of 1 to 2 seconds fre-
quently 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 pres-
ently studying these features, as well as others, in
greater quantitative detail and will report on them
at a later time.
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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 dis-
played a striking similarity in shape and intensity, at
times being nearly mirror images of each other. With-
in the accuracy of the measurements, these auroras

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 south-
ern 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 new-
moon period of the 1968 spring equinox. The instru-
mentation installed aboard the two aircraft was more
sophisticated than that used during the 1967 flights
and was intended to provide good spatial and tem-
poral resolution as well as spectral information. It in-
cluded 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 photom-
eter (on the northern aircraft only) that measures 8
prominent auroral emissions continuously, and a riom-
eter 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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both aircraft was extended to approximately dp lati-
tude 72° (from 67° in March 1967).

The flights were made during a magnetically dis-
turbed period with College K-indices of 5 and 6 on
March 24, of 2 and 6 on March 26, of 3 and 3 on
March 28, of 4 and 4 on March 29, and of 5 and 5
on April 1.

At the time of this writing, the data had been avail-
able for less than a week, and only a cursory examina-
tion of the all-sky-camera and television observations
had been made, resulting in the selection of six pairs
of all-sky camera photographs (see figure) to accom-
pany this article. Rather than discussing details at
this time, it seems preferable to present an average
qualitative description of the latitudinal variation in
conjugacy based on the preliminary examination of
the data obtained on all five flights.

As the aircraft proceeded poleward during each
flight, the first auroral form was encountered between
dp latitudes 62° and 64°; in each instance, the scan-
ning photometer identified it as a widespread and
diffuse hydrogen arc. The all-sky-camera photographs
showed it to be closely conjugate and very similar in
shape and intensity in both hemispheres. Immediately
poleward of the hydrogen arc, weak striated arcs, fol-
lowed by more discrete and brighter auroral bands,
were encountered. These arcs and bands were grossly
conjugate, but the detailed features of the auroras
appeared to become less similar with increasing lati-
tude. Above dp latitude 67°, auroras which exhibited
a degree of similarity were often displaced by several
tens of kilometers from conjugate locations calculated
on the basis of an internal geomagnetic field. This
deviation from conjugacy did not appear to manifest
itself consistently in the same direction at all times
and latitudes, although there was an average ten-
dency for the southern auroras to be located poleward
and eastward relative to the conjugate northern
auroras. The auroras observed at these latitudes
(above dp latitude 67°) often differed greatly in in-
tensity—the intensities of the northern auroras being
on the average greater than those of the southern
auroras. In this range of dp latitudes, a high degree
of conjugacy in position and brightness occurred on
several occasions for a few minutes within auroral
displays which previously had appeared dissimilar.

One striking example of a breakdown in auroral
conjugacy was observed on the last flight near the
turnaround points of the two aircraft at about dp
latitude 72°. At that time, a moderately bright, rayed
arc was present overhead in the Northern Hemis-
phere. For a period of 20 minutes at the correspond-
ing time and conjugate location in the Southern
Hemisphere, no aurora appeared in the field of view
of the all-sky camera. If this apparent nonconjugacy
were due to an intensity difference between hemis-

pheres, the southern aurora would have been at least
100 times weaker than the northern aurora.

The situation encountered on the return flights was
generally similar, but more complex structures were
observed. As the aircraft proceeded equatorward, a
fair degree of conjugacy reappeared at latitudes below
dp 65°. This was usually the region where pulsating
auroras and the hydrogen arc were observed, often
mixed. These auroras were again similar in structure
and intensity.

The recording of pulsating auroras with the image
orthicon television systems has revealed that when the
pulsations are clearly identifiable, they are simultane-
ous in both hemispheres to within 0.1 seconds. Such a
result is compatible with a particle-injection mechan-
ism located near the equatorial plane.

In summary, it is evident, even at this early stage in
the analysis of the data, that substantial deviations
from the magnetic conjugacy (computed on the basis
of an internal field) have been observed above
auroral-zone latitudes. At least one instance of non-
conjugate auroras was observed. It appears that the
hydrogen arc and the region immediately poleward of
it are always within the domain of closed field lines,
while auroras above dp latitude 65° are in a transi-
tion domain where large stretching and perhaps open-
ing of the field lines occurs (in that auroral particles
are not guided directly across the equatorial plane).

Acknowledgments. This project was made possible
only through the excellent cooperation of Mr. Ray R.
Heer of the National Science Foundation; Messrs.
T. J . Hallinan, L. R. Sweet, and G. LaPoint of the
Geophysical Institute; Messrs. George Hughes, Mal
Kennedy, Jack Ritchey, and their associates at the
firm of EG&G, Inc.; Dr. R. E. Donaldson of the
Lawrence Radiation Laboratory; Dr. M. M. Robert-
son and Mr. A. F. Huters of the Sandia Corpora-
tion; and Lt. Cols. Neil Garland and James Wells,
USAF, and their personnel on each aircraft. The
Geophysical Institute's participation was funded by
the National Science Foundation through its Office
of Antarctic Programs. The aircraft were operated by
the U.S. Air Force and were funded by the Nevada
operations office of the Atomic Energy Commission.
The participation of the Los Alamos Scientific Lab-
oratory, Lawrence Radiation Laboratory, Sandia
Corporation, and EG&G, Inc., was under the auspices
of the Atomic Energy Commission.

References

Belon, A. E., K. B. Mather, and N. W. Glass. 1967. The
conjugacy of visual aurorae. Antarctic Journal of the U.S.,
11(4): 124-127.

Hendricks, S. J . and J. C. Cain. 1966. Magnetic field data
for trapped-particle evaluation. Journal of Geophysical
Research, 71(1): 346-347.

118	 ANTARCTIC JOURNAL



SOUTHERN HEMISPHERE

Examples of all-sky-camera photographs taken March 29-April 1, 1968, showing the degree of
con jugacy of auroras in Northern and Southern Hemispheres.

A—March 29, 0845 UT (dp lat. 63°): Conjugate hydrogen arcs (zenith) at the equatorward
boundary of the auroral display.

B—March 29, 0855 UT (dp lat. 63°): Conjugate striated arcs on the poleward side of the
hydrogen arc.

C—March 29, 0925 UT (dp lat. 67.5°): Conjugate auroral bands in which the similarity of
small-scale structure and brightness has greatly deteriorated.

D—March 29, 0930 UT (dp lat. 68°): Similar auroras which are displaced in latitude
from conjugate locations calculated on the basis of an internal model of the geomagnetic
field.

P2—March 29, 1010 UT (dp lat. 67.5°): Conjugate auroral bands near dp lat. 65° accom-
panied by nonconjugate overhead auroras in the Northern Hemisphere.

F—April 1, 1000 UT (dp lat. 69°): Striking example of a breakdown in auroral conjugacy.
As the aircraft flew from dp lat. 72° to 69°, there was no sign of an aurora in the South-
ern Hemisphere field of view (500 km).
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