
Some understanding of the large-scale auroral morphology
has also evolved in the past decade. Some of the advances were
made by satellite-borne imagers which can photograph the
entire auroral regions. From satellite and ground-based studies,
it has become evident that the polar cap which is surrounded by
the auroral regions is an important zone of activity. This activity
appears to be quite intensive when the lower latitude and the
conventional auroral regions are quiet. This behavior has been
associated with the directional properties of the interplanetary
magnetic field. When the interplanetary field is northward
directed, then the polar caps shrink and the optical auroral
activity level in the polar cap appears to increase.

In the figure we illustrate the position of the auroral zone, the
polar cap, and the location of South Pole Station during four
periods during the day. The solar direction is toward the top of
the figure. The circle around the station represents the size of
the all-sky field of view in relation to the polar cap and the
antarctic continent. The upper illustration shows South Pole
Station located at magnetic midday. At this time the auroral oval
is often magnetic poleward but still within the field of view. This
configuration is ideal for studying auroral dayside phenomena.
During the austral winter there is continuous darkness at South
Pole permitting the optical investigation of polar cap activity
over the entire diurnal period. The figure on the right repre-
sents the situation 6 hours later at magnetic dusk. The auroral
oval is generally overhead as it crosses from the poleward side
to the equatorward side. In the bottom picture the local magnet-
ic midnight situation is illustrated. At this time the quiescent

auroral oval is invariably equatorward of the station at South
Pole.

Using data from prior years, we are studying the properties of
the midday aurora, its movements, and whether those move-
ments correlate with magnetic field changes in the magne-
tosphere. We are also comparing the simultaneous behavior of
the aurora at the magnetically conjugate region in the Northern
Hemisphere. A particularly interesting auroral feature is the
sun-aligned arc. Sun-aligned arcs are usually located in the
polar cap and are assumed to be associated with plasma flows in
the polar cap regions of the magnetosphere which are es-
pecially strong during periods of northward interplanetary
magnetic fields.

To simplify the data collection and data analysis a new system
was installed at South Pole Station in January 1987. This system
consists of a monochromatic (filtered) image-intensifier, charge-
coupled device (CCD) imager. The CCD is cooled so that long time
exposures can be taken. The images are read out as a video
signal and are recorded on videotape. The video can also be
displayed in real time at the station and the station crew can
observe the local auroral display on an appropriate video
monitor. The new type of video data will speed up data analysis,
because the video data can be handled much more conveniently
than the film data taken in prior years.
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The ionospheric electric field data set that was obtained by the
1985-1986 South Pole balloon campaign is being searched for
evidence of the ionospheric signature of flux transfer events (FTE
s). The objective of the search is to compile a list of events that
can be compared with the various competing models of FTE
ground signatures. This paper will present 6 hours of data
centered on local magnetic noon on 7 January 1987. At least
three candidate events can be seen in these data.

Magnetic reconnection is the dominant process whereby the
solar wind provides energy and plasma to the magnetosphere.
Spacecraft data have provided evidence that reconnection at the
dayside magnetopause is a sporadic process (Russell and Elphic

1978, 1979). These apparent bursts of intermittent reconnection
have been called flux transfer events (Fibs).

FTEs have been intensively studied since their discovery
because of their importance in elucidating the plasma physics of
the magnetopause. The search for ionospheric signatures of FTE

s has become a major topic of research in the last 2-3 years
(Goertz et al. 1985; Lanzerotti et al. 1986; Siscoe and Lockwood
1986; Southwood 1987). Establishing clear evidence for ground-
or balloon-based detection of ionospheric FTE signatures is im-
portant, because it will enable the development of much better
statistics on FTE rates and the relative contributions of FTE5 and
quasi-steady reconnection. In addition, the physical details of
the signatures will give some insight into the plasma physics
both of the FET process and into the effect that this process is
having on the low-altitude ionosphere near the polar magne-
tospheric cusp.

The data that will be used for this study were obtained during
the 1985-1986 South Pole balloon campaign (Bering et al. 1986).
During this campaign, eight stratospheric balloon payloads
were launched from Amundsen-Scott Station, at the South geo-
graphic pole. The payloads were instrumented with three-axis,
double-probe electric field detectors and X-ray scintillation
counters. In fair weather, a balloon at 30 kilometers altitude in
the stratosphere measures the 100-kilometer 1-second averages
of the horizontal ionospheric electric field (Mozer and Serline
1969). Intense fields associated with features that have a scale
size smaller than 100 kilometers will be detected with some
attenuation. The South Pole Station cusp lab was in normal
operation during this campaign. The cusp lab instrumentation
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includes a fluxgate magnetometer, whose data output will also
be used in this study.

A model of the electric field in the ionospheric wake of an FTE

has been developed (Siscoe and Lockwood 1986). This model
suggests that a reconnected flux tube will produce a two-dimen-
sional electric dipole that convects poleward from the noon
sector auroral oval. The exact signature observed will depend on
the relative location of balloon and flux tube. However, near
noon, FTE5 passing directly overhead will appear as spike-type
or pedestal-like features of approximately 20-100 millivolts per
meter amplitude and a few minutes duration in the eastward
component of the field. (Eastward electric field corresponds to
poleward flow in the Southern Hemisphere.) Similarly, Lan-
zerotti et al. (1986) have presented a model of the expected
ground-based magnetic signature of an FTE. Again, a short,
spike-type signature is expected, characterized in particular by
a unipolar variation in the vertical component.

Several possible examples of ionospheric FTE signatures are
shown in the figure. This figure shows 6 hours of data begin-
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The top three panels show 2-minute averages of the variations in the
geomagnetic field observed at South Pole. The next two panels
show 30-second averages of the two horizontal components of the
ionospheric electric field measured by the payload on balloon flight
7 plotted in Earth-fixed geomagnetic coordinates (poleward is paral-
lel to the local declination). The bottom panel shows the greater than
15-kiloelectronvolt X-ray counting rate observed on the balloon
payload. The figure shows six hours of data plotted as a function of
universal time on 7 January 1986.

fling at 1130 universal time on 7 January 1986. The figure shows
six panels of data. From bottom to top, the panels show the
greater than 15-kiloelectronvolt X-ray counting rate, the geo-
magnetic eastward component of E, the geomagnetic poleward
component of E (all three from the balloon), and the Z, D, and H
components of the perturbations in B measured on the ground
at South Pole. The magnetic data show at least three candidate
events, at 1305, 1445, and 1550 universal time. The first and
third of these events are accompanied by the expected large
pedestals in the electric field. The 1445 universal time event is
accompanied by a much weaker electric signature. However,
this middle event occurs during a period of enhanced X-ray
counting rate. It is therefore likely that enhanced ionospheric
conductivity produced by this precipitation has shorted out this
expected signature.

The balloon electric field data obtained at South Pole during
the 1985-1986 campaign apparently contain evidence of
ionospheric signatures of FTE5. A preliminary survey of six of
the eight flights has revealed several dozen candidate events. A
formal, hypothesis-test-based search of the full six-component
E and B data set is planned.

We are deeply obliged to L.J. Lanzerotti of AT&T Bell Laborato-
ries for use of the cusp lab magnetometer data, a copy of which
was provided to us by David Matthews of the University of
Maryland. We are indebted to Jeffrey Theall and Liao Bing for
their invaluable assistance in data reduction.
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