
width data from the oxygen atmospheric band. The simple
interpretation which may be applied for the case of a source
solely containing airglow is not applicable to the data obtained
from Amundsen Scott Station. Auroral emission in the lower
and upper thermosphere blends with the airglow to give tem-
peratures and winds that are averages weighted by volume
emission rate.

The analysis presented here is consistent with our current
understanding of the excitation of the atmospheric bands and
the atomic oxygen line in the aurora and airgiow when the
observed temperatures are in near agreement and in the 200-
400 K range. However, when the temperature derived from the
atmospheric band rises to upper thermosphere values, consis-
tency can only be maintained by supposing that the incoming
auroral particle spectrum has made a transition from typical
energies in the kiloelectronvolt range to near 100 electronvolts
or below. Therefore, it is deduced that such a transition oc-
curred at 1500 universal time on the 21 April 1991 and reversion
to the kiloelectronvolt range at 2100 universal time.

The derived winds show signs that a blend of doppler shifts
exists along the line of sight that may include changes of direc-
tion. Hence, the data do not provide input on any particular
height interval that is narrow enough to characterize a layered

circulation. It is probable that the line of sight integrates over
more than a vertical wavelength of upward propagating waves
present in that region of the atmosphere.

The program to study the dynamics and thermodynamics of
the thermosphere and mesosphere at Amundsen-Scott Station
is supported by National Science Foundation grant DPP 90-
17484.
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We have constructed instruments to measure the atmos-
pheric conduction current and the atmospheric electric field,
two fundamental parameters of the global-electric circuit. The
instruments were deployed at the Amundsen-Scott South Pole
Station in January 1991 and are designed to operate continu-
ously for up to 1 year without operator intervention.

An electrical potential difference of approximately 300 kilo-
volts exists between the ionosphere and the Earth's surface. It
has been widely accepted for many years that the collective
action of thunderstorms over the entire globe is the primary
generator of this global ionospheric potential. A secondary gen-
erator of ionospheric potential at high latitudes is driven by the
interaction of the solar wind with the geomagnetic field, re-
sulting in a potential that varies spatially across the polar cap
(Park 1976). The cross-polar-cap potential may vary from 30 to

100 kilovolts, depending on solar wind conditions. At high lat-
itudes, the total potential of the ionosphere is the superposition
of the cross-polar-cap potential and the global potential. The
ionospheric potential is manifested by an atmospheric electric
field at the surface of the order of 200 volts per meter, and the
ionospheric potential drives a conduction current through the
intervening atmosphere on the order of several picoamperes
per square meter. The atmospheric current and the electric field
at high latitudes respond to a mixture of lower atmospheric and
magnetospheric influences.

The atmospheric processes that generate the ionospheric po-
tential and regulate the conduction current flow commonly are
referred to as elements of the "global atmospheric-electrical
circuit." The primary scientific objectives of this project are the
study of the terrestrial and extraterrestrial sources and modu-
lations of the global circuit. The South Pole Station was chosen
as our instrument site for several reasons. Most important, the
station sits on the antarctic plateau, a region where the atmo-
sphere has the ideal qualities for making measurements of
global-atmospheric electricity because the measurements are
relatively unperturbed by local meteorological conditions
(Cobb 1977). Second, South Pole Station is located within the
geomagnetic polar cap; therefore, atmospheric electricity mea-
surements made at the pole are useful in investigating global
processes as well as large-scale electrical processes unique to
high latitudes. Third, the downward air-Earth current being
delivered to the surface of the antarctic polar plateau is larger
(approximately twice as large) than the global average because
of the high altitude of the plateau, which is, therefore, strongly
coupled to the global electric circuit. Finally, the local topogra-
phy of the antarctic plateau is flat and void of obstructions,
making it ideal for taking atmospheric electricity measure-
ments.

The initial operational phase of this project has three primary
objectives: to establish that the instruments will work in the
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antarctic environment for extended periods of time without
human intervention or establish what design modifications will
be required to achieve this, to determine the conditions under
which the variations in the measurements due to local mete-
orological effects are small enough to allow us to study global
electrical processes, and to determine if correlated, multiple-
sensor measurements are needed to distinguish global electri-
cal signatures from those caused by local effects. For the last
two purposes, we constructed two identical arrays of instru-
ments. Monitoring and caretaker services by a winter-over tech-
nician are available at the station if required.

We have established two identical instrumentation sites (ar-
rays 1 and 2) near South Pole Station, as shown in the field site
diagram of figure 1. Each array consists of three major com-
ponents; an atmospheric current sensor, an electric field sensor,
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and a data processing/power-supply unit. Each sensor is ele-
vated from the ice surface by separate support structures. The
data processing/power-supply units are buried under the ice
surface in vaults. Array 2 is located closest to the station in the
middle of the science quadrant. The site of array I is approxi-
mately 600 meters away from array 2. Processing of the data
from both arrays takes place in the Skylab, and the data are
recorded on the University of Maryland data-logging system.
The data from both arrays are transmitted via signal cable.
Power to array 2 is provided via cable from the Skylab, and
power to array 1 is via cable from the U.S. Geological Survey
(USGS) seismometer vault, located approximately 250 meters
from the Skylab.

The atmospheric current measurements are being made with
an instrument of the type described by Burke and Few (1978),
adapted to the present experiment. It has not been deployed
previously in the Antarctic. The atmospheric electric-field mea-
surements are being made with rotating-dipole electric-field
mills of the type developed at Stanford University (Park 1976).
They have been found to operate reliably under antarctic con-
ditions. Figure 2 shows the current sensor and the electric-field
mill in their deployed configuration at South Pole Station. A
block diagram of the instruments showing the data flow for
each array is shown in figure 3.

The current sensor employs a split spherical shell in the form
of two hollow stainless steel hemispheres with 17.8-centimeter
radii. The hemispheres are joined mechanically but are electri -
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Figure 1. Diagram of the field site at the South Pole Station for the
experiment. The locations of the two instrument arrays are shown.
(USGS denotes U.S. Geological Survey.)

Figure 2. Atmospheric current sensor (sphere) and electric field
mill (foreground) shown in their deployment at the site of array 1.
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Figure 3. Block diagram showing the transmission and processing of data for each instrument array. Eight analog data channels from the
current sensor are multiplexed (Mux) and digitized (A/D) within the current sensor. The electronic digital signals strobe a light-emitting
diode (LED). The optical signal is transmitted via optical fiber cable and converted back into electronic signal by a photodiode (PD) circuit
in the vault box. Two analog data signals from the field mill are transmitted via cable to the vault box, where they are digitized. The current
sensor and field mill data are computer processed and converted to a serial data stream by a universal asynchronous receiver/transmitter
(UART) circuit for transmission via modem to a receiving modem in the Skylab. The data are then reconfigured by a UART/computer for
data logging.

cally isolated from each other by a thin (1-centimeter) horizon-
tal Teflon disk between them. The sensor electronics are inside
the sphere. The sphere is suspended and electrically isolated
from the ice surface, that is, there are no electrical paths from
the sphere to ground with impedance lower than through the
surrounding air. In this fashion, the conducting sphere as-
sumes the electrical potential of the air surrounding it. In prin-
ciple, the atmospheric conduction current is determined by
measuring the current flowing from the air into one hemisphere
through the internal electronics and out the other hemisphere.
A simple linear relationship exists between the current meas-
ured by the sensor electronics and the absolute atmospheric
conduction current. Given the simple geometry of the sensor,
the constant of proportionality is a known geometric factor
(Burke and Few 1978). A tower structure supports each current
sensor above the surface, consisting of three 4-meter-tall ver-
tical wood posts located at the corners of a 13-meter equilateral
triangle. The sphere is suspended 3 meters above the ice sur-
face by tensioned Kevlar support cables attached to the wood
posts. The current sensor has two other cables attached; a
shielded 4-wire electric cable supplies power to the sensor from
the vault box, and a fiber-optic data link between the sensor
and the vault box. The field mill is mounted on a wooden
support tower at a distance of 3 meters above the surface, 13
meters away from the current sensor triangle.

The deployment of two arrays of instruments is necessary to
distinguish unambiguously between atmospheric-electrical
signals of local and global origin. For example, during ideal
fair-weather conditions, we observed slight differences in the

measurements between the two arrays, probably caused by
turbulent mixing of an electrode layer of space charge near the
ice surface. The minimum separation distance between the two
arrays that is required to decouple their fair-weather electrical
signals of local meteorological origin is determined by the cli-
matology of the antarctic plateau. The vertical thickness of the
prevailing surface wind structure extends to the top of a nearly
permanent surface inversion layer (Dalrymple 1966). The max-
imum scale size of turbulent mixing of the surface winds is
about the depth of the layer, or about 600 meters; therefore,
the array separation distance of 600 meters is such that local
signals (due to turbulent or convective mixing of the surface
electrode layer) measured by the two arrays will be uncorre-
lated although, of course, they are close enough together that
polar cap or global signals will be correlated.

The University of Houston field team members, Edgar A.
Bering and Gregory J . Byrne, arrived at South Pole Station on
5 January 1991. Array 2 was deployed on 11 January at a site
chosen to be in an area that is easily accessible and to minimize
cable runs. The site of array 1 was then chosen to be a suitable
distance away from array 2. Array 1 was deployed on 15 Janu-
ary. The field team departed South Pole on 18 January, leaving
both arrays fully operational. Data from the first few days of
operation are given by Bering et al. (Antarctic Journal, this issue).

This research was supported by National Science Foundation
grant DPP 89-17464. We thank members of Antarctic Support
Associates at the pole for their assistance in deploying the ar-
rays, and Katherine Price for her winter-over technical assis-
tance.
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We have constructed instruments to measure the atmos-
pheric conduction current and the atmospheric electric field;
two fundamental parameters of the global-electric circuit. The
instruments were deployed at the Amundsen-Scott South Pole
Station in January 1991 as described in a separate paper (Byrne
et al., Antarctic Journal, this issue).

The air-Earth current is associated with the potential differ-
ence between the Earth's surface and the upper atmosphere.
According to classical theory, the primary generator of this
potential difference at low latitudes is the collective action of
thunderstorms over the entire globe (Israel 1973). Thunder-
storms charge the upper atmosphere globally to a potential on
the order of + 300 kilovolts with respect to the surface. Mea-
surements have indicated that the potential varies on time
scales from minutes to seasonal, but that at any given time, the
potential is approximately the same at all locations globally
(Norville and Holzworth 1987), except at high latitudes.

At high latitudes, a secondary generator is driven by the
interaction of the solar wind with the geomagnetic field (Park
1976), resulting in a potential across the polar caps. The cross-
polar-cap potential may vary from 30 to 100 kilovolts, depend-
ing on the states of the magnetosphere and solar wind. At high
latitudes, therefore, the potential of the upper atmosphere is a
superposition of the cross-polar-cap potential and the global
potential, so that the vertical current density will respond to a

mixture of lower atmospheric and magnetospheric influences.
The effect of different sources of upper atmospheric potential
at high latitudes can be isolated by use of current density data
from a network of sites within the polar cap to take "snapshots"
of the polar cap potential. These snapshots are a primary long-
term goal of the research in Antarctica described in this article.
It will be possible to make these snapshot measurements only
if local effects due to processes in the planetary boundary layer
(Hoppel, Anderson, and Willett 1986) and biases arising from
atmosphere-instrument interactions are negligible much of the
time.

To verify the feasibility of our approach, we constructed two
identical arrays of instruments (arrays 1 and 2) in the vicinity
of the South Pole Station as described by Byrne et al. (Antarctic
Journal, this issue). Each of the arrays consists of three major
components: an atmospheric current sensor, an electric field
sensor, and a data processing/power supply unit. Array 2 is
located closest to the station in the middle of the science quad-
rant. Array 1 is approximately 600 meters away from array 2.

This article will present the data from the 3 days recorded by
the field team, 15-17 January 1992. Figure 1 shows an overview
of 506-seconds averages of the data. The top panel shows the
electric field and the bottom panel shows the current from both
arrays. All instrumentally valid data are shown, but the data
have not been edited to remove periods of inclement weather.

The surface weather conditions during this 3-day interval
were quite varied. On 15 January 1991, the sky was completely
overcast by nimbostratus clouds at 250 meters from 0000 to
0900 universal time, with winds 4-10 knots. Light snow fell
from the start of the day until 1500. From 0900 to 2000 universal
time, there were broken altocumulus at 500-700 meters, with
0 to 5 knot winds. From 2000 universal time, 15 January to 1000
universal time, 16 January, there were scattered cirrus at 1,500
meters, with 5 to 8 knot winds. From 1000 to 1700 universal
time, the weather was clear with 11 knot winds. From 1700
universal time, 16 January to 0200 universal time on 17 January,
the weather worsened steadily, with low-lying altostratus
clouds moving in to produce fully overcast conditions with light
snowfall at 0200. The weather began to improve at 0500, with
the overcast conditions giving way to scattered cirrus at 1,500
meters by 0800. Winds remained in the 6 to 10 knot range. The
sky was clear from 1000 to 1600, with 13-15 knot winds. At 1600
universal time, scattered cirrus at 1,500 meters appeared and
remained for the rest of the day. Surface winds remained 13-
15 knots.

Portions of figure 1 contain data that have been seriously
perturbed by inclement weather. Inspection of the figure shows
intervals where the variance of the data is large and where there
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