
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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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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graphically distant stations. Correlated bursts in the VLF and HF
bands are found but are not so common.

The present study attempted to identify correlated VLF/HF
noise emission events using riometer and VLF data from South
Pole Station. The riometer is an instrument that uses background
HF cosmic radio noise to measure the opacity of the D and the E
regions of the ionosphere. The incoming radiation is compared
with the expected value at quiet conditions to yield the absorp-
tion. Data from most of 1984 and the beginning of 1989 were
examined. From among the events discovered, the one presented
here was mostnotable for its association with an auroral kilometric
radiation (AKR) event. AKR is an intense electromagnetic radia-
tion emitted from the earth towards outer space, and hence is not
observable on the ground. The typical frequency range is from
100 to 700 kilohertz and the spectrum peaks between 200 and
300 kilohertz. The source region is believed to be situated at
altitudes of 1,200 to 3,000 kilometers and is usually observed on
the nightside (Wu 1985).

Figure 1 displays ground-based data recorded at South Pole
station on 12 November 1984. From the top are the University of
Maryland riometer data at two HF frequencies (a and b), three of
the bandpass-filtered channels from the Stanford University
ELF/VLF experiment (c, d, and e), and the three orthogonal
components of magnetic variation measured by the AT&T Bell
Laboratories fluxgate magnetometer (f, g, and h). The riometer
starts showing an absorption pulse (voltage decrease) beginning
approximately 1131 universal time (0801 magnetic local time),
which is about 2 to 3 minutes after the start of the magnetic
impulse as measured by the horizontal (H) component. Follow-
ing the peak of the magnetic pulse, the ELF /VLF channels show
a series of noise bursts, numbered 1 through 5 for the sake of
reference.

The recovery of the absorption in the riometers is interrupted
by a similar series of bursts. Burst number 1 is the most intense
and occurs just after 1137 universal time, at the same time as in the
VLF channels. It drives the 30 megahertz riometer to saturation
(approximately 7 volts), but has been clipped at 4.25 volts for the
sake of clarity. This burst in the 51.4 megahertz riometer is quite
modest by comparison (approximately 1.17 volts). Burst 1 was
also observed in the 51.4 and 30 megahertz riometer data at
McMurdo Station which is about 1,300 kilometers from South
Pole Station (McMurdo data not shown).

The bursts labeled 2, 3 and 4 appear in the 30 megahertz
riometer as only slight level shifts above the background level
prevailing prior to the event. These bursts are also closely
correlated with those in the VLF channels. Burst 5 has no
apparent presence in the riometers. In all of the channels dis-
played in figure 1, apart from the bursts, the data are remark-
ably quiet; even the digitization step is evident in the 31 to 38
kilohertz channel.

At the time of this event the Ampte/Irm satellite was in the
ecliptic plane, near the bow shock at 16 earth radii from the centre
of the earth on the morning side (0830 magnetic local time). The
magnetic field changes recorded at the satellite justbefore the first
burst in the ground observations indicate that either the bow
shock has moved out, putting the satellite in the magnetosheath
for about 3 minutes, or an interplanetary magnetic field discon-
tinuity has passed by.

Figure 2 shows the satellite wave data in spectrogram repre-
sentation and line plots of two selected frequency bands, together
with ground data from the 30 megahertz riometer and the 11 to
13 kilohertz VLF channel. The ground level burst numbers on the
11 figure draw attention to the correlation with the ground data.

At the instant of the first ground level burst there is an Auroral
Kilometric Radiation (AKR) event. This burst occurs in the fre-
quency range 200 to 700 kilohertz. Bursts 2 and 3 are also
prominent in the AKR data. Burst 4 has a weak counterpart at
275 to 375 kilohertz in the satellite data. Burst 5 precedes a weak
AKR burst by about a minute.

In summary, this paper describes a correlated VLF, HF, and
AKR emission event occurring on the dayside of the magneto-
sphere during an isolated magnetic impulse. The origin of these
noise emissions remains a topic of further study. Theoretical
work has identified near-earth processes capable of explaining
VLF noise (Maggs 1976) and AKR (Wu 1985), but not HF emis-
sions. In the present instance, however, the Solar-Geophysical
Data (1985a and 1985b) compilations for this day show that the
HF emissions were due to a Type III solar radio noise burst.
Specifically, these reports identify such a burst as occurring at
1137.2 universal time at the earth, precisely the time of the first
and most intense of the riometers HF spikes. (The following,
much weaker noise enhancements on the riometers were prob-
ably too weak in comparison to be identified as outstanding rad-
io noise occurrences.)

The very close association of Type III solar noise with the AKR
suggests the possibility of external stimulation, as was first sug-
gestedby Calvert (1981). The AKR, perhaps by way of modifying
the magnetospheric electron velocity distribution, might in turn
lead to the generation of the observed VLF emissions. The rela-
tionship of these correlated emission features to the occurrence
of the magnetometer/riometer absorption impulse may be coin-
cidental. On the other hand, the magnetospheric impulse may
have preconditioned the ionosphere/ magnetosphere to be sus-
ceptible to the external stimulation of the AKR by the solar radio
noise burst.

We thank our colleagues U.S. man for supplying the ELF/VLF
data, L. J. Lanzerotti for the magnetometer data, and R. Treumann
for the AKR data. We thank C. S. Wu for useful discussions. This
research has been supported by National Science Foundation
grant DPP 88-18229.
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Figure 1. Ground riometer, VLF, and magnetometer data from South
Pole station for 12 November 1984. Symbol nT stands for nanotesla,
UT for universal time. H, D, Z represent horizontal, east-west, and
vertical components of the magnetic field, respectively. The numbers
1 through 5 mark the occurrences of VLF noise bursts that are
correlated with bursts of HF noise and the AKR emissions.

Figure 2. Ampte/Irm satellite data (top three panels), and South Pole
station ground data (bottom two panels). Symbols are explained in
the caption for figure 1.
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