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Imaging of atmospheric emissions in
Antarctica
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In a continuing program of investigating natural atmospheric
emission phenomena on the antarctic continent, Lockheed Palo
Alto Research Laboratory has collaborated with Boston College
in the construction and fielding of a special-purpose optical
imaging instrument for the detection and recording of optical
emissions in the atmosphere.

In earlier phases of this program at Siple Station, we were
successful in detecting particle-induced optical emissions that
were coincident with wave activity in the very-low-frequency
(VLF) and ultra-low-frequency (uLF) range. Initially, photome-
ters were used in coordinated experiments with both VLF and
ULF wave detectors. The observed correlations added to our
understanding of wave particle interactions and led to the de-
sign and construction of the new special-purpose instrument
for further studies. This instrument is a low-light-level televi-
sion that has a fish-eye lens and images the whole sky. It is
capable of detecting the faint particle-induced emission using a
suitable selected spectral feature of the emission.

The new instrument provides a visual record of the spatial
extent and the scale of the correlated optical features. The figure
presents a sample data set of correlated ULF pulses as measured
by the University of New Hampshire-University of Minnesota
magnetometer. The optical pulses shown on the top trace dem-
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Correlated optical and magnetic pulses at Siple Station. Top trace Is the optical emission on the center of the sky as measured by the Integration
of the video signal. Also shown are the all-sky Images from the television system at times appropriate to maximums and minimums in the
pulsing. Bottom trace is the north-south component recorded by the University of New Hampshire-University of Minnesota magnetometer.
Magnetic north (equatorward) Is up.
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onstrate very clear correlations. All-sky images for the various
features also are shown in the figure.

The small-area optical pulsation at 0433 universal time (UT)

leaves very little trace on the magnetometer. At 0433:10 hr a
much wider area pulsation appears, one that produces notice-
able positive excursion of the magnetometer trace. Perhaps the
most distinct magnetometer pulse occurs shortly after 0434 UT.
The television shows directly the shape and size of the optical
pulse causing the magnetometer excursion. A similar event
occurred at 0434:35 UT. Most of the properties of these types of
magnetometer and optical correlations have been explained in
terms of ionospheric currents (Arnoldy et al. in preparation)
and or field-aligned currents (Engebretson et al. in prepara-
tion). These television images will be able to clarify the relative
importance of ionospheric currents in the generation of mag-
netic signatures.

In early studies at South Pole Station, scanning photometers
were used to monitor the dayside cusp aurora! precipitation.
The position of the dayside cusp is an important parameter for
the understanding of magnetospheric dynamics; for the contin-
uous monitoring of the cusp a new low-maintenance instru-
ment, the image-intensified slit camera, was developed (Eather
and Mende 1981).

For the 1982 austral winter a new instrument has been added
at South Pole Station, the image-intensified, all-sky film camera.
The addition of this instrument became necessary because work
with the meridian slit camera identified new features in the cusp
precipitation. These are meridianally moving structures proba-
bly associated with Sun-aligned arcs. To see these structures,
we needed highly sensitive, two-dimensional image data. Since
conventional all-sky cameras are not sensitive enough to pick
up 90 percent of the low-level cusp activity, we constructed a
special monochromatic (6,300-angstrom), image-intensified all-
sky camera for this purpose. The camera was installed at South
Pole Station for data collection during the austral winter of 1982.
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As a part of a new program to study the Southern Hemi-
sphere magnetospheric cusp region at Amundsen-Scott South
Pole Station, magnetic field and riometer measurements are
being made in association with a variety of other upper at-
mosphere geophysical investigations. The purpose of these
studies is to learn more about the physical processes that oper-
ate in the magnetospheric cusp region, particularly as related to
the entry of interplanetary plasma into the magnetosphere and
its penetration to the ionosphere and upper atmosphere. It has
been suggested (e.g., Bolshakova, Troitskaya, and Hessler 1975;
Rostoker, Samson, and Higuchi 1972) that a wide range of
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Figure 1. Magnetic field and riometer data from the South Pole
Station on 29 December 1981. MHz = megahertz; dB = decibels; nr
= nanotesla; ur = universal time; H = north-south; D = east-west; z
= vertical.

1982 REVIEW	 235




