
sealed gelled lead acid batteries are slowly charged during the
times when the BBS system is idle (i.e., for about 1 hour in
presently programmed configuration of taking 6-second
snapshots every hour) and fully used during the snapshot
period (currently 6 seconds), providing the necessary power
for the BBS. The preamplifier system draws less than 300 mu-
liwatts, which is provided over the 150-meter cable that trans-
mits the signal from the antennas to the AGO. The entire
ELF/VLF receiver unit is designed to run on approximately 7
watts of continuous power. To the degree possible, CMOS
technology was used in all electronics to achieve the goal of
low-power operation as required by the limited AGO power
resources.

The sensitivity of the ELF /VLF receiver system is 1.89x10
' i.V m- 1 Hz- V1 and is determined by the relatively small loop
antenna used to provide ruggedness and ease of deployment
(compared to IGY-type loops).

Typical data from the ELF/VLF receiver system is shown
in figure 2. Data acquired at P2, Antarctica, during an 8-hour
period between 1000-1800 universal time (UT) on 28 May
1993 is shown, illustrating both the hiss filters and broadband
snapshot data. The lower narrowband channels (1-2- and
2-4-kHz) show an increase in activity starting shortly before

1100 UT and lasting until just before 1700 UT. The 30-40-kHz
channel shows no activity during this same period. The
broadband snapshot data show the activity to be limited to
frequencies less than 2.5 kHz, and the expanded record (low-
est panel) indicates that the signal consists of a superposition
of many discrete chorus elements. The latter aspect is not eas-
ily visible on the black-and-white spectrogram but was con-
firmed on a color version of figure 2, which has better resolu-
tion.

We are grateful for the efforts of the AGO field support
crews consisting of J.H. Doolittle, E.W. Paschal, M.A. Ander-
son, W.J. Trabucco, M.L. Trimpi, and A.T. Weatherwax who
deployed and serviced the AGO/ PENGUIN instruments during
the 1992-1993 and 1993-1994 austral summers. This work was
supported by National Science Foundation grant OPP 89-
18689 under subcontract Z444901-D from the University of
Maryland. We also thank T.J. Rosenberg for his leadership of
the PENGUIN team.
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Auroral radio emissions observed at AG0-P2
A.T. WEATHERWAX, J. LABELLE, and M.L. TRIMPI, Department of Physics and Astronomy, Dartmouth College, Hanover,

New Hampshire 03755

T
he automatic geophysical observatories (AGOs) on the
antarctic polar plateau provide an excellent platform

from which to study high-latitude ionospheric processes. In
particular, the AGOs provide an exceptionally quiet electro-
magnetic environment for the operation of radio receivers in
the low-frequency/medium-frequency/high-frequency
(LF/MF/HF) bands, as documented in a companion paper
(Weatherwax, LaBelle, and Trimpi, Antarctic Journal, in this
issue). During the 1992-1993 austral summer, this type of
radio receiver was incorporated into the first of six proposed
AGOs (AGO-P2). A list of the experiments aboard AGO-P2
(85.7°N 313.6°E, L 8.3) is given in the table. Preliminary data
taken from only 1 week of operation at AGO-P2 have already
proved to be interesting.

Narrowband emissions at frequencies near twice the ion-
ospheric electron cyclotron frequency (2fce) have been
observed by the LF/MF/HF radio receiver located at AGO-P2.
The emissions appear similar in frequency, intensity, and
temporal structure to auroral roar events previously observed
at Northern Hemisphere observing sites (Kellogg and Monson
1979; Weatherwax et al. 1993).

Block A in the figure shows an example of a 2fce auroral
roar event detected by the LF/MF/HF receiver on 28 May
1993. The horizontal axis panel represents universal time

(UT), and the vertical axis represents frequency. The loga -
rithm of the intensity of the received signals is represented by
a 16-level grayscale, with white pixels corresponding to 5x109
volts per meter per root hertz (V/rn Hz) or less, and black
pixels corresponding to at least 5x10- 8 V/rn Hz. Each fre-
quency sweep [50 kilohertz (kHz) to 4,850 kHz] takes 10 sec-
onds. An interference line at 2,400 kHz appears as a black hor-
izontal line, and a calibration signal appears as a striped verti-
cal line right after 0516 UT. Between 0530 UT and 0600 UT, a
2f ,e auroral roar event appears between 2,450 and 2,650 kHz.
Using the International Geomagnetic Reference Field (IGRF)
model, this frequency range maps to an altitude range

Experiments atAGO-P2

All-sky camera	 Lockheed Research Laboratory
Imaging riometer	 University of Maryland
LF/MF/HF receiver	 Dartmouth College
VLF receiver	 Stanford University
Search-coil magnetometer	Tohoku University
Fluxgate magnetometer	AT&T Bell Laboratories
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between 240 and 412 kilometers, assum-
ing generation at 2fce

All-sky camera, riometer, very-low-
frequency (VLF), and fluxgate magne-
tometer data are shown in the other pan-
els of the figure; search coil magnetome-
ter data were not available at the time of
this publication. All-sky camera images
depicted in block A of the figure show that
the 2fce roar event is associated with a
general enhancement in optical auroral
activity at 4,278 Angstroms. These obser-
vations parallel those made by Kellogg
and Monson (1979) and Weatherwax et al.
(1993) in the northern hemisphere.

Riometer and VLF data are shown in
blocks B and C of the figure, respectively.
A correlation was observed between the
commencement of the roar event near
0530 UT and a burst of riometer absorp-
tion and VLF emissions at the highest
VLF channel (30-40 kHz). A second weak-
er absorption starting at 0533 UT is asso-
ciated with the most intense HF waves,
however. Deviations in the vertical com-
ponent of the measured geomagnetic
field during the roar event are depicted in
block D of the figure. The magnetometer
data suggest that the commencement of
the auroral roar coincides with the pas-
sage of a current overhead. This observa-
tion contrasts with those made at Two
Rivers, Alaska, where more usually a cor-
relation existed between the end of roar
emissions and the commencement of
magnetometer fluctuations and riometer
absorption. The fact that the LF/MF/HF receiver, riometer,
and magnetometer are co-located at AGO-P2 but are separat-
ed by at least 46 kilometers in Alaska could account for such
differences.

The AGO-based LF/MF/HF receivers should yield the
most sensitive measurements to date in this frequency range.
The possibility to compare simultaneous measurements at
spatially separated AGO sites also will enable the temporal
and spatial effects of natural LF/MF/HF radio emissions to be
studied. Finally, since each AGO will consist of a core group of
synchronized geophysical experiments, correlations between
data sets that are exactly co-located can be investigated.

This research was supported by National Science Foun-
dation grant OPP 93-17621 to Dartmouth College.
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Preliminary data taken at AGO-P2 on 28 May 1993. (nT denotes nanotesla; dB denotes decibel.)
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