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S
atellite and rocket experiments show that the Earth's
high-latitude ionosphere is a copious source of radio

emissions, including auroral kilometric radiation (AKR),
which is an intense upward-propagating primarily X-mode
emission, and auroral hiss, which is a whistler-mode emis-
sion. Historically, systematic monitoring of natural auroral
radio emissions at ground-level focused on the very-low-fre-
quency band [3-30 kilohertz (kHz)], in which auroral hiss is
commonly observed. The low-frequency (LF), medium-fre-
quency (MF), and high-frequency (HF) bands [0.03-30
megahertz (MHz)] received relatively little attention until
recently. Perhaps the main reason for the paucity of meas-
urements in the LF-HF frequency range is that since the
beginning of the radio age, these frequencies have been
popular for manmade signals. They can be efficiently trans-
mitted with modest-sized antennas; they can easily carry
audio information; and, at least at night, they reflect effi-
ciently from the ionosphere and, hence, can propagate long
distances over the horizon. It is hard to find a site today that
is radio quiet at 100 kHz to 10 MHz, and as a result, natural
emissions at LF-HF frequencies are difficult to detect
beneath the manmade background.

Although sporadic reports of ground-based LF-HF radio
emissions from aurora have appeared during the past 4
decades, (reviews by Ellyett 1969; LaBelle 1989; LaBelle and
Weatherwax 1993), only in the last few years has a concerted
effort been made to monitor radio emissions systematically in
the frequency range between 100 kHz and 5 MHz on the
ground. Dartmouth College has operated six radio receiving
systems in the high-latitude regions at specific locations given
in the table. Two sites are located in Alaska, and four sites are
located in Antarctica. Essentially identical instrumentation is
employed at all six sites, including a vertical magnetic loop
antenna 10 square meters in area and a superheterodyne
receiver with 10-kHz bandwidth and 70-decibel dynamic

Observing sites

Circle Hot Springs, Alaska	65.5 0 N	215.30E	66.O©N
Two Rivers, Alaska	64.90N	213.1°E	64.90N
South Pole, Antarctica	90.0°S	NA	74.30S
AGO-Pi, Antarctica	83.90S	129.60E	80.0°S
AGO-P2, Antarctica	85.70S	313.60E	69.70S
AGO-P4, Antarctica	82.0°S	95.80E	84.30S

range. The azimuthal orientation of the antenna varies from
site to site, as does the method of archiving the data. Further-
more, at the Two Rivers, Alaska, site, notch filters are used to
reduce the effects of local transmitters.

The figure shows five spectra from each of the observing
sites listed in the table. The vertical axis represents power
spectral density in volts per meter per root hertz (V/rn Hz),
and the horizontal axis represents frequency. The automatic
geophysical observatory (AGO) data were taken during the
1993-1994 austral summer when AGO-P2 was serviced, and
when AGO-Pi and -P4 were deployed. Since data were avail-
able only during the summer (sunlit ionosphere) at AGO-Pi
and AGO-P4, comparisons are made for daytime data only.

Overall, the three electromagnetically quietest sites are
AGO-Pi, -P2, and -P4; AGO-Pi is the noisiest of the three AGO
sites. In contrast, the noisiest site overall is at Amund-
sen-Scott South Pole Station. South Pole data were obtained
during the busy summer season, however, when electromag-
netic interference would be at its highest. Nonetheless, it does
represent the noisiest of the four antarctic locations studied
during the 1993-1994 austral summer. At some selected fre-
quencies, the level at Circle Hot Springs is lower than at AGO-
P1, -P2, and -P4.

Numerous transmitters are evident in the data taken at
both Two Rivers and Circle Hot Springs, especially in the North
American AM broadcast band (535-1605 kHz). Local transmit-
ters from Fairbanks, Alaska, continue to be a pervasive feature
in the Two Rivers data set even though notch filters are used to
reduce many of the stronger signals. The spectra shown at both
these Alaska sites were recorded during the day, so interference
from distant AM and short-wave transmitters is at a minimum
since absorption of radiowaves in the lower ionosphere is at a
maximum. Nighttime ionospheric conditions increase the
noise level since many more distant transmitters are received.

The primary scientific motivation for these experiments is
to observe natural radio emissions in the LF-HF band with the
greatest sensitivity possible. We hope to confirm and extend
previous observations, determine the global nature of LF-HF
emissions, and test theoretical models that predict radiation
observable on the ground. From preliminary noise surveys at
each of our observing sites, it appears that the unmanned AGOs
provide excellent platforms for achieving these scientific objec-
tives, especially for the types of emissions that occur at high-lat-
itudes. Since the U.S. AGOs are not being deployed below 690
geomagnetic latitude, the Northern Hemisphere stations con-
tinue to serve as effective monitors of auroral radio signals at
auroral zone latitudes.

This research was supported by grant National Science
Foundation OPP 93-17621 to Dartmouth College.

ANTARCTIC JOURNAL - REVIEW 1994
365



1 E-6

r 1E-8N
I

1E-6
>

1E-8

CL 1E-6

1 E-8

1 E-6

1E-8
NI- 1E-6
>

1E-8CD

CL 1E-6

1E-8

Ellyett, C.D. 1969. Radio noise of aurora! origin.
Journal of Atmospheric and Terrestrial
Physics, 31(5), 671-682.

LaBelle, J. 1989. Radio noise of aurora! origin:
1968-1988. Journal of Atmospheric and Ter-
restrial Physics, 51(3), 197-211.

LaBelle, J., and A.T. Weatherwax. 1993.
Ground-based observations of LF/MF/HF
radio waves of aurora! origin. In T. Chang
(Ed.), Physics of space plasmas (1992). Cam-
bridge: Scientific Publishers.

Radio Noise Survey	 References

0	1000	2000	3000	4000	5000
Frequency (kHz)

Spectra taken at the six radio observing sites.

Simultaneous enhancement of Pci, Pc4, Pc5 hydromagnetic
waves at AGO-P2, Antarctica
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S
imultaneous observations of several narrow-banded
magnetic fluctuations in the hydromagnetic wave band

are reported from the new automatic geophysical observato-
ry (AGO) site P2 near the auroral zone in the Antarctic.
These magnetic pulsations are found in the Pci [approxi-
mately 1 hertz (Hz)], Pc4 (approximately 100-second peri-
od), and Pc5 (approximately 300-second period) bands.
These observations, recorded on the ground during very
quiet geomagnetic conditions (daily sum geomagnetic activ-
ity index Kp=3-), may be the first reported pulsations
extending across a broad band of the Pc frequency regime.

An early report of coincident Pc5 and Pc1-2 waves by
Barfield and McPherron (1972) was obtained from measure-
ments on the geosynchronous ATS1 satellite during magnet-
ic storm conditions.

Harmonically related hydromagnetic waves in the magne-
tosphere [Pc3 (10-45-second period) and Pc4 (45-150-second
period) bands] have been reported by Takahashi and McPher-
ron (1982) from the ATS6 spacecraft in geostationary orbit.
Engebretson et al. (1986) reported measuring harmonically
structured ultra-low-frequency emissions from the near equa-
torial, elliptical orbit AMPTE CCE satellite in the outer magne-
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