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Simultaneous enhancement of Pci, Pc4, Pc5 hydromagnetic
waves at AGO-P2, Antarctica

A. WOLFE, L.J. LANZEROTTI, and C.G. MACLENNAN, AT&TBell Laboratories, Murray Hill, New Jersey 07974
R.L. ARNOLDY, Institute for the Study of the Earth, Oceans, and Space, University of New Hampshire, Durham,
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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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tosphere (drift-shell parameter L approximately 8). Alpert et al.
(1993) studied a large amplitude Pc2 (approximately 8-second
period) event, originally reported by Lanzerotti et al. (1986)
from a ground-based magnetometer at low geomagnetic lati-
tude (L approximately 2.9), together with enhancements of
several frequencies in the Pc2 and Pc3 bands. They attributed
all of the wave enhancements to an excitation of the oscillatory
background electromagnetic environment of the magneto-
sphere in response to a sudden change in magnetospheric
plasma conditions. While this event occurred during local
night conditions, sudden changes in the dayside magneto-
sphere plasma could occur through impulses produced at the
magnetopause boundary. For a long time, researchers have
known that dayside sudden impulses are able to produce mag-
netopause motions and geomagnetic pulsations with 5- to 10-
minute periods (Pc5 band; Saito and Matsushita 1967; Ander-
son, Binsack, and Fairfield 1968; Kaufmann and Konradi
1969). Recently, Sibeck et al. (1989) discussed such long-peri-
od Pc5 oscillations observed in South Pole and in AMPTE CCE
data and noted that these results can be explained by a series
of upstream solar wind dynamic pressure pulses. Additionally,
Arnoldy et al. (1988) reported Pci activity associated with mag-
netic impulse events (Pc5 regime), and Olson and Lee (1983)
discussed the production of Pci-frequency waves by sudden
impulses.

In 1992, a U.S. initiative to deploy a complement of upper
atmosphere instruments at AGOs was begun in the Antarctic.
One of the goals of this National Science Foundation program
includes the study of the electromagnetic environment from a
longitudinal array of stations in the southern polar cap (invari-
ant latitude A=80 0) as well as from latitudinal-spaced chains
beginning near the auroral zone and extending to higher lati-
tudes near the magnetic pole. We report here on a sample of
data recorded from the first of six stations to be established,
AGO-P2 (invariant latitude = 700, invariant longitude = 18.6°E)
located near the auroral zone. In particular, this article reports
on magnetic field observations recorded during 1800 to 2200
universal time (UT) (local time LT=UT-4 hours) on 25 May
1993; additional articles in this issue report on other AGO-P2
events observed during the initial 1 week campaign 23-31 May
1993. Fluxgate magnetometer measurements in the geomag-
netic south-north (H), west-east (D), and vertical (Z; positive
upward) components were sampled at 1-second intervals by
the AGO data system. The sensor system was provided by
AT&T Bell Laboratories. Search-coil magnetic-field measure-
ments were also made in the H, D, and Z components and
were sampled at 0.5-second intervals. The search-coil system
was provided by Tohoku University, Sendai, Japan.

Long-period, Pc5-band magnetic variations are evident
in the fluxgate time records of figure 1. These variations have
periods between about 5 to 10 minutes throughout the 4-hour
interval during local afternoon and are especially enhanced
during hours 19 and 20. Smaller amplitude, shorter period
Pc4 waves are also seen from 1800-2200 UT. Figure 2 shows
an example of simultaneous Pci activity recorded by the H-
component search-coil magnetometer during the half-hour
interval 1830-1900 UT (see Fukunishi, Taguchi, and Lanzerot-

ti, Antarctic Journal, this issue, for details). These enhanced
wave packets are especially evident.

Initial power spectral analyses were carried out on the
fluxgate H-component data to clarify the frequencies of the
dominant pulsations and trace their evolution throughout the
4-hour time interval. A sample half-hour spectrum
(1930-2000 UT) is shown in figure 3. This figure identifies sev-
eral spectral peaks labeled 1 to 6 and having periods of
approximately T 1 =357 seconds, 12=208 seconds, 13=156 sec-
onds, T4=122 seconds, T 5=87 seconds, and 16=77 seconds. A
narrowly spaced double peak is also shown in the approxi-
mate range 45<T7<47 seconds. From additional spectral
analyses (not shown here), we found that most of the Pc4
band variations persist with little variation in frequency
throughout the 4-hour interval whereas the Pc5 wave periods
are seen to vary between about 333 to 740 seconds.

Preliminary analyses indicate that these observations
from Pci to Pc5 frequencies are consistent with a response
that might be expected from sudden impulses to the dayside
magnetopause. Theoretical calculations by Alpert et al.
(1993, figure 8) illustrated simultaneous enhancements in
several narrow frequency bands that might occur in
response to variously shaped impulse functions. Our pre-
sent results in figure 3 show a striking resemblance to the
impulse response model. We plan to examine further the
nature of these pulsations by analyzing simultaneous data
recorded at other locations in the Antarctic (South Pole and
McMurdo Stations) as well as from recording stations in the
Northern Hemisphere.

This work was supported in part by a National Science
Foundation grant to the University of Maryland (OPP 89-
18689) subcontracted to New York City Technical College/City
University of New York and the University of New Hampshire.
We would like to thank H. Fukunishi of Tohoko University for

Local Time
1400	 1500	 1600	 1700	 1800

1800	1900	2000	2100	2200
25 May 1993, UT

Figure 1. Magnetic field traces (three orthogonal components) from
the fluxgate magnetometer installed at the AGO-P2 site. The 4 hours
shown for 25 May 1993 correspond to an interval of giant "pulsation"
activity with wave period of between 5 and 10 minutes. (nT denotes
nanoteslas.)
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Figure 2. Magnetic field trace (south-north component) from the search coil magnetometer installed at the AGO-P2 site. Intervals of enhanced
activity in the Pci -Pc2 band (1-10-second period) are observed in the 30-minute interval during the giant pulsation activity.
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Figure 3. Power spectra of the H-component (south-north) fluxgate
magnetometer trace for the interval 1930-2000 UT. The peak corre-
sponding to the giant pulsation is evident, as are a number of higher
frequency wave components, marked with numbers. (Hz denotes
hertz; (nT)2/Hz denotes square nanoteslas per hertz.)

providing the search-coil magnetometer. We also thank T.J.
Rosenberg of the University of Maryland and the entire Polar
Experimental Network for Geophysical Upper Atmosphere
Investigations team for their collaboration.
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