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T
he automatic geophysical observatories (AGOs) have been
developed by the Lockheed Palo Alto Research Laboratory

under contract from the National Science Foundation to pro-
vide unattended platforms on the antarctic continent. The
polar experiment network for geophysical upper-atmosphere
investigations (PENGUIN) project with T.J. Rosenberg as
principal investigator aims at comprehensive investigations
of the polar upper atmosphere and ionosphere at high geo-
magnetic latitudes using AGO5. This project consists of a core
suite of instruments at each of six specified AGO locations:
• an optical auroral imager,
• a radiowave absorption imager,
• a ring core fluxgate magnetometer,
• a search-coil magnetometer,
• an extremely-low-frequency/very-low-frequency

(ELF/VLF) receiver system, and
• a low-frequency/high-frequency (LF/HF) receiver system.
The first AGO for the PENGUIN was deployed at site P2 (geo-
graphic latitude 85°40'S longitude 46°23'E; geomagnetic lati-
tude -70.0°S longitude, 18.6°E; L-value, 8.5; altitude, 1,860
meters) in December 1992. The PENGUIN data at P2 were
continuously recorded on an optical disk until the end of May
1993 when the data-acquisition system suffered a failure. The
recorded data were recovered in December 1993.

The purpose of the AGO search-coil magnetometer
experiment is to study the generation and propagation mech-
anisms of high-latitude magnetic variations in the frequency
range of 0.001-1.0 hertz (Hz). This article presents a prelimi-
nary analysis of the search-coil data, focusing on the frequen-
cy range of 0.1-1.0 Hz.
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The three components of magnetic field variations
(north-south, east-west, and zenith components) are meas-
ured by three independent search coils, which are buried at a
depth of 1 meter (m) from the snow surface with a distance of
at least 5 m between sensors. The frequency response is linear
from approximately 0.00 1 Hz to 2 Hz. The dynamic range is
±1.6 picoteslas (pT) to ±3.2 nanoteslas (nT) at 1 Hz and ±160
pT to ±320 nT at 0.01 Hz. The output signals of the three
search coils are sampled simultaneously at 0.5-second inter-
vals with a 12-bit analog-to-digital converter; this amounts to
total data storage of about 500 megabytes per year.

Figure 1 shows the wave forms of magnetic field varia-
tions observed by the search-coil magnetometer at P2 on 25
May 1993. This day is extremely quiet geomagnetically, with
the 3-hour geomagnetic activity Kp index values of 0 to 1- and
the daily Kp sum of 3-. Figure 1A shows waveforms through-
out the day, whereas figure lB shows higher time resolution
waveforms for the time interval of 1800-1900 universal time
(UT). Comparing these wave forms with simultaneous magne-
tograms obtained from the fiuxgate magnetometer observa-
tions at P2 (Wolfe et al., Antarctic Journal, in this issue), it is
found that the two irregular magnetic pulsation trains begin-
ning at 0150 UT and 0315 UT, respectively, (figure 1A) are
associated with occurrences of small magnetospheric sub-
storms with negative variations of approximately 100 nT in the
H component. The high time-resolution wave forms in figure
lB show occurrences of Pc 1-2 pulsations superimposed on
Pc5 pulsations with a period of approximately 420 seconds.

The occurrences of Pc 1-2 pulsations in the frequency
range of 0.1-1 Hz are easily identified on dynamic spectra.
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Figure 1. Wave forms of magnetic pulsations observed by a search coil magnetometer at AGO-P2 on 25 May 1993. A. X-, Y-, and Z- component
wave forms for the time interval 0000-2400 UT. B. Same as A except for the time interval 1800-1900 UT.
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Figure 2A shows the dynamic spectra of the X, Y, and Z com-
ponents throughout the day of 25 May 1993, whereas figure
2B presents a high time-resolution display for the time inter-
val between 1500 and 2100 UT. Nonperiodic Pci pulsations
are found in the time intervals of 0730-1000 UT, 1540-1630
UT, and 1900-1930 UT, whereas Pci pulsations with a period-
icity of approximately 600 seconds are found in the time
interval of 1720-1930 UT. A comparison between the wave
forms in figure lB and the dynamic spectra in figure 2B shows
that the Pci intensity enhancement after 1811 UT coincides
with the onset of Pc5 hydromagnetic wave activity.

In contrast to the foregoing wave observations during a
very quiet interval, on most geomagnetically active days, the
higher frequency Pci activity becomes low, and wave activity
in the Pc3 band (10-45-second periods) becomes high. A typi-
cal example, observed on 29 May 1993, is shown in figure 3.
The sum of Kp on this day is 17+. Figure 3A shows the wave
forms of the X, Y, and Z components, whereas figure 3B shows
the dynamic spectra of the X component for the two frequen-
cy bands 0-1.0 Hz and 0-0.2 Hz. It is apparent that Pc 3 pulsa-
tions with a frequency of approximately 0.03 Hz (T equals
approximately 30 seconds) occurred principally in the morn-
ing hours before local noon (1600 UT), whereas weak,
unstructured Pci pulsations (approximately 0.3-0.6 Hz)
occurred in the afternoon hours after 1700 UT.

Continuous periodic variations in the magnetic field in
the period ranges of 0.2-5 seconds and 5-10 seconds were
classified into Pci and Pc2 pulsations, respectively, by the
International Association of Geomagnetism and Aeronomy in
1963, although the relationship of the classification to generat-
ing sources remains a topic of active research and discussion.
By using 3035 Pc1-2 pulsation events observed in the frequen-
cy range 0.1-2.0 Hz at Syowa station (geomagnetic latitude -
66.20; approximately 40 lower than the geomagnetic latitude of
AGO site P2) located in the southern auroral zone, Fukunishi
et al. (1981) classified Pc1-2 pulsations into eight subtypes

based on their spectral structures: hydromagnetic (HM)
whistler, periodic HM emission, HM chorus, HM emission
bursts, intervals of pulsations with decreasing periods (IPDP),
morning IPDP, Pc1-2 band, and irregular HM emission. Sim-
plifying this, Pci pulsations in the auroral zone can be classi-
fied into periodic Pci, nonperiodic Pci, and IPDP. Using data
obtained from a search-coil magnetometer network covering
the invariant latitude range of 60°-70° in Canada, Hayashi et
al. (1981) showed that the source region of periodic Pci pulsa-
tions follows a region corresponding to the averaged plasma-
pause location, whereas the source region of nonperiodic Pci
pulsations seems to correspond to detached plasma regions.

On the other hand, in the cusp and polar cap region, par-
ticular types of pulsations are observed in the Pc 1-2 frequency
range (Troitskaya, Bolshakova, and Matveeva 1980; Morris et
al. 1982; Morris and Cole 1991). These are intervals of pulsa-
tions with rising periods (IPRP), Pclb ("b" for burst) and
unstructured Pc 1-2 pulsations. Arnoldy, Engebretson, and
Cahill (1988) showed that Pclb or Pcl-2 bursts can occur
superimposed on larger scale magnetic variations, magnetic
impulse events (MIEs), that can be a signature of flux transfer
events (FTEs).

Pc1-2 pulsations were also observed at high latitudes by
the polar-orbiting Viking satellite (Erlandson et al. 1990, 1992)
and the AMPTE CCE spacecraft in an equatorial orbit with
magnetic latitude in the range ±16°, apogee at 8.8 Earth radii
and perigee at 1,000 kilometers (Anderson, Erlandson, and
Zanetti 1992). Anderson et al. (1992) showed that the early
afternoon outer magnetosphere at L>7 is the dominant site
for ion cyclotron waves in the Pc 1-2 frequency range and that
the secondary high occurrence region is found at L>8 near
dawn, magnetic local time 0300-0900.

In the foregoing data samples, we have shown several
examples of Pcl-2 magnetic pulsations observed at AGO-P2.
To investigate the generation and propagation mechanisms of
these pulsations, it will be necessary to compare these data
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Figure 2. Dynamic spectra of magnetic pulsations observed at AGO-P2 on 25 May 1993. A. X-, Y-, and Z- component dynamic spectra for the
frequency range 0-1.0 Hz and the time interval 0000-2400 UT. B. Same as A except for the time interval 1500-2100 UT.
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Figure 3. Wave forms and dynamic spectra of magnetic pulsations observed at AGO-P2 on 29 May 1993. A. X-, Y-, and Z- component wave
forms for the time interval 0000-2400 UT. B. X-component spectra displayed for the two frequency bands, 0-1.0 Hz and 0-0.2 Hz, and the time
interval 0000-2400 UT.

with similar data observed at other stations. Comparisons of
the P2 data with data from South Pole Station (approximately
40 poleward of AGO-P2 on the same magnetic meridian) and
with particle data from polar-orbiting satellites such as Ake-
bono and DMSP are in progress and will be reported elsewhere.
The present results have shown that the occurrence features of
the Pc 1-2 pulsations at P2 depend strongly on magnetic activi-
ty level. This tendency suggests that AGO-P2 observed periodic
and nonperiodic waves related to the plasmapause on quiet
days and waves related to the cusp and cleft on disturbed days.
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