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Instruments for measuring the atmospheric electric field and
current were deployed at South Pole Station in January 1991. The
data acquired at 3 meters above the antarctic plateau surface are
directly related to the global electric circuit parameters, in particu-
lar the ionospheric potential. The data allow us to continuously
monitor the global electrical circuit from surface measurements.

Instrumentation. In January 1991 instruments for measuring
atmospheric electrical current and field were deployed at two
research sites at Amundsen-Scott South Pole Station, Antarctica.
The instruments, deployment, and early results are described in
Byrne et al. (1991) and Bering et al. (1991b). A discussion of the
scientific value and merits of these measurements in the overall
research of the global atmospherical electrical circuit and iono-
spheric electrodynamics can be found in Bering et al. (1991a).
Only a very brief description of the instruments and the scien-
tific rational are provided here.

Two instruments are deployed at each of the two research
sites that are separated by 600 meters, which is characteristically
greater than the thickness of the planetary boundary layer. This
arrangement should provide each site with independent local
environments. The parameters measured by the instruments are
the vertical atmospheric electric field, E, and the vertical atmo-
spheric Maxwell current density, J, where the subscript z de-
notes the altitude. Only steady-state conditions are considered
here; therefore, the Maxwell current equals the conduction cur-
rent. Other measured and derived parameters are recorded at the
sites but will not be discussed here. All instruments are fixed at
3 meters above the local surface; hence the measured quantities
are E3 and J3 These parameters are related by Ohm's law:

(1)	 J = aE and 13 = a3E3

where a and o are the atmospheric electrical conductivities at
altitudes z and 3 meters respectively. E decreases approximate-
ly exponentially with altitude with an e-folding height about 6

kilometers; whereas, a increases approximately exponentially
with altitude with the same e-folding length. Under steady-state
conditions J, is invariant with altitude making it an ideal param-
eter for characterizing the global electric circuit. For example, we
can make direct quantitative comparisons of J measurements at
the surface with aircraft and balloon measurements.

The global electrical circuit. One scientific objective of our
research is to obtain high time resolution (- 1 second) measure-
ments of the global electrical circuit. A recent review paper
(Roble and Tzur 1986) provides details on the global electrical
circuit; only the bare essentials are described here. Current flows
from the tops of electrified clouds (thunderstorms predomi-
nately) upward to the ionosphere where it is distributed globally
(some by traveling through the magnetosphere along mag-
netic field lines). Current flows from the ionosphere to the earth
over the entire surface (a low resistance path the large cross-
sectional area), and the current returns to the cloud through the
earth and then by lightning and corona processes below the
cloud. The effective resistance of this global current path is at
least an order of magnitude smaller than the effective resistance
of local current paths in the cloud environment, except possibly
during intracloud lightning processes. This result is due to the
exponential increase in atmospheric electrical conductivity with
altitude. The current flowing to the global electrical circuit
depends primarily upon the characteristics of the electrified
cloud and is independent of the passive part of the global electri-
cal circuit. The approximately 1,000 to 2,000 active electrified
clouds over the earth at any given time act as independent cur-
rent sources to the ionosphere and the global electrical circuit.

The earth surface and the ionosphere at 100 kilometers have
high, approximately equal, conductivities (1021 m 1). The low-
er atmosphere and the air inside clouds have conductivities
.,1012 times smaller (10 141m 1 ). The traditional model for this
system is a capacitor formed by the earth and the ionosphere, C
(-1 F). (The capacitance is difficult to specify because the charge
is not on the ionosphere but distributed throughout the atmo-
sphere; values for C range from 0.05 F to 2 F depending upon the
application.) The whole atmosphere acts as a parallel resistor, R

(- 200 1), producing an RC time constant for the system of -200
seconds. Without the continual generation of current by the
global electrified clouds, the atmosphere would discharge in a
matter of a few minutes. Ionospheric (-100 km) time constants
are -10 seconds; therefore, changes in currents to the ionosph-
ere will be distributed globally within a few tens of microsec-
onds. The global electrical circuit integrates the output of all of
the earth's electrically active clouds into a single parameter I
(-1000 A), the global current, and the system responds rapidly,
enabling us to monitor the global current with high time resolu-
tion. I responds to the total global electrified cloud activity and
has regular diurnal and seasonal variations. We expect it will also
exhibit event-related responses such as the enhanced output
from large mesoscale convective complexes, which produce pro-
digious lightning activity.

The global current, I, flowing across the atmospheric resistor,
R, drives the ionosphere to a potential V (-200 kV)

(2)	 V=R*I

R should exhibit diurnal and seasonal variations because it will
be influenced by global cloudiness; however, R is frequently
assumed constant in discussions of the global circuit. Because
of the high conductivity in the ionosphere, Vis treated as position
invariant in the ionosphere.
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Figure 1. A 36-hour sample of atmospheric electrical measure
ments at Amundsen-Scott South Pole Station. The top graph shows
the vertical electric field at two sites. The middle graph shows the
current density at two sites. The bottom graph shows the computed
conductivity at two sites (see equation 6). There Is a disturbed
weather period in the morning of 17 January 1991.

Figure 2. Five consecutive days of electric field measurements at
Amundsen-Scott South Pole Station. The first half of day 294 is
disturbed, but other periods clearly show global circuit variations.

Surface measurements related to global circuit parameters. In order
to relate our measurements of E 3 and 13 to the global circuit
parameters I, R, and V. we need to define the columnar resist-
ance, r,, which is the resistance of a unit area between the alt-
itude z and the ionosphere (-100 km); the units are J2M2 . The
complimentary columnar resistance between the surface and
the altitude z is r,-r where s is the altitude of the local surface.
Owing to the inverse relationship between resistivity and con-
ductivity, r, decreases exponentially with altitude. The current
density in a column of air is determined by rs following Ohm's
law

(3) J= V/r,

Since J is invariant with altitude, we have for steady-state situa-
tions

(4) 13 = V/re = (R/r)I

Our measured current 13 is directly proportional to the iono-
spheric potential. Furthermore, on the antarctic plateau, r
should not experience diurnal variations; hence, equation 4 may
be used to research diurnal variations of the ionospheric potential
from our surface measurements. Additional discussion of the
advantages of the antarctic plateau for this research is given in
Byrne et al. (1991) and Few et al. (1992). Under the assumption
that R is constant, our surface measurements can be related to I,
but additional research is needed to understand the diurnal
variations in R.

Equations 1 and 4 can be used to derive a similar set of
relationships between E 3 and the global circuit parameters.

(5) E3 = V/(r,o'3) = (R/rc)I

We see in Equations 4 and 5 that either instrument can be used
to research the global circuit. The electric field measurement
has another parameter, ;, in its relationship; however, like r,,
c 3 should not experience diurnal variations on the antarctic
plateau.
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In addition to providing one level of redundancy, the two
instruments provide the more important functions of validating
instrument performance and evaluating local environmental con-
ditions. An example of these functions can be found from equa-
tion 1, which is used to find a3 from our measurements.

(6)	 a3=J/E3

If both measurements, E 3 and J 3, exhibit significant changes
throughout the day, but their ratio, 03, remains steady with the
correct magnitude, then we can be confident that the instruments
are performing correctly. Figure 1 clearly demonstrates this
function of validation of instrument performance.

The function of environmental evaluation is also demon-
strated in the conductivity curves of figure 1. There is a period of
disturbed weather in the morning of 17 January 1991. When the
conductivity curve shows this disturbance, we know that the
electrical data cannot be used for global electrical research. In the
periods before and after the disturbance the conductivity at
both sites are equal and constant indicating a return to a steady
electrical state. We believe that this state of constant conductiv-
ity is also accompanied by a constant columnar resistance. Had
the data in figure 1 been acquired outside the Antarctic Circle,
where diurnal heating of the surface produces convective tur-
bulence, we would see that the conductivity would also show
diurnal variations and the disturbed state would dominate the
data record. Figure 2 is a 5-day continuous record of the elec-
tric field at Array 2 at South Pole Station. There is an obvious
disturbed period on the second day, but the global circuit diur-
nal signature is clearly evident in the remaining data.

Conclusions. Our instruments at South Pole Station are mea-
suring the atmospheric electrical field and current at 3 meters
above the antarctic plateau surface. These measurements are

directly related to parameters of the global electrical circuit and
allow continuous monitoring except during disturbed weather
conditions. There is redundancy in the experiment design (two
instruments at two sites) that allows us to validate instrument
performance and explore the local electrical environment.
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Correlated bursts of AKR, VLF, and
HF noise associated with an isolated

dayside magnetic impulse
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Numerous investigations of auroral radio noise (ARN), in-
volving ground and space observations, have covered a wide
range of frequencies. These studies have been reviewed for the

time period 1946-1967 by Ellyett (1969), and for the time period
covering 1968-1988 by LaBelle (1989).

ARN in the extremely-low-frequency (ELF) to very-low-fre-
quency (VLF) range (0.3-30 kilohertz), for example, chorus and
auroral hiss, is fairly common (Morgan 1977). ARN at higher
frequencies, particularly in the high-frequency (HF) to very-
high-frequency (VHF) range (3-300 megahertz) is less common
(Harang 1969; Nesmyanovich etal. 1976; Hartz, Reid, and Vogan
1956; Kellogg and Monson 1979; Osipov and Shevlev 1973). Even
more uncommon are simultaneous noise emissions in the VLF
and HF bands (Nishimuta, Ose, and Sinno 1969; Harang 1969;
Benson and Desch 1991). It should also be noted that the reality
of ARN in the HF to VHF range is often questioned, the experi-
mental observations sometimes being ascribed to interference
from locally-generated or propagated noise associated with hu-
man activity.

The past studies of ARN can be summarized as follows.
Various papers have reported noise emission bursts. These
bursts are sometimes broad band, often covering the full band-
width of the instrument. Often these bursts are associated with
cosmic radio noise absorption events, implying a possible con-
nection to the precipitation of electrons of kiloelectronvolt ener-
gies, or higher. Most of the reported occurrences have been on
the nightside. Sometimes identical bursts are observed at geo-
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