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Abstract

Geomagnetic field measurements at two Antarctic stations are compared during two weeks in the local summer
(January 1-15, 1992). Low frequency (0.6-6 mHz) pulsations are observed at each station near local magnetic
noon. The same wave packets appear in some cases also at the other station, although with a significant attenuation,
more clearly in the morning sector; the waves show a near noon reversal of the polarization sense from counter-
clockwise in the morning to clockwise in the afternoon indicating a westward and an eastward propagation,

respectively.
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1. Introduction

Asitis well known, the area near the dayside
cusp latitudes is characterized by the occur-
rence of broadband ULF magnetic pulsations
(Troitskaya and Bolshakova, 1977; Troitskaya
et al., 1980; Bolshakova and Troitskaya, 1982;
Troitskaya, 1985; Kleimenova et al., 1985, 1989;
Olson, 1986; Dunlop et al., 1994; Engebret-
son et al., 1995; McHang et al., 1995; Clauer
et al., 1997). The continuous irregular pulsa-
tions with frequencies, on average, from 1.1 to
5.5 mHz have also been called ipcl (Troitskaya
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and Bolshakova, 1977). They occur either as
bursts or persist continuously from 2 to 10 h,
depending on geomagnetic activity, with ampli-
tudes from several to tens of nT. Troitskaya
(1985) showed that ipcl amplitude appears to
depend mainly on the solar wind velocity and
on the southward orientation of the interplane-
tary magnetic field; more recently, Villante
et al. (1997) found major evidence for low fre-
quency pulsations near cusp latitudes during
time intervals characterized by high solar wind
speed.

As a consequence of the Earth’s rotation, a
polar cap station approaches the cusp for a rel-
atively short time interval around the local mag-
netic noon. Data from two ground stations lo-
cated at about the same high geomagnetic lati-
tude and separated in longitude can then pro-
vide useful information on the local and/or tem-
poral extent of individual events. In this paper
we analyzed simultaneous geomagnetic meas-
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urements at Dumont D’Urville and Terra Nova
Bay (hereafter DRV and TNB) in Antarctica,
during two weeks in the local summer (January
1-15, 1992) and found that low frequency waves
are observed at each station near local magnetic
noon: in some cases the same pulsations also
appear at the other station, mainly in the local
morning, and show a counterclockwise polar-
ization before local noon and a clockwise polar-
ization in the early afternoon.

Daytime spectra of low frequency geomag-
netic pulsations at DRV during local summer
are usually characterized by a main enhance-
ment in the 1.5-2.5 mHz band (Kleimenova
et al., 1989). Villante et al. (1997), who con-
ducted a statistical analysis of 0.7-5.0 mHz geo-
magnetic field fluctuations at TNB during three
austral summers close to the maximum of solar
activity, found that the daytime power spectra
show, in addition to some discrete maxima at
3.3, 3.9 and 4.5 mHz, power enhancements at
lower frequencies (1.2, 1.9 and 2.7 mHz) during
higher solar wind speed conditions. As they
remarked, the observed peaks are close to the
frequencies expected for magnetospheric com-
pressional/waveguide modes. Recently several
papers have been published concerning the the-
oretical and observational aspects of these pul-
sations (Walker et al., 1992; Samson et al., 1992;
Harrold and Samson, 1992; Ziesolleck and
McDiarmid, 1994). The energy source is as-
sumed to be related to the solar wind through
Kelvin-Helmholtz instability or impulsive dis-
turbances on the magnetopause which may gen-
erate compressional oscillations of the magneto-
sphere. Further, such compressional modes may
drive shear Alfven resonances on field lines
with matching eigenfrequencies.

2. Experimental observations

The corrected (according to the Tsyganenko
magnetic field model IGRF95) geomagnetic
latitude of both DRV and TNB is 80.5°S;
the longitude of DRV and TNB is 235°E
(MLT = UT + 11) and 307°E (MLT = UT - 8),
respectively; so, the DRV geomagnetic noon
occurs approximately at 01 UT while the TNB
noon at = 20 UT. It means that the noon time at
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TNB corresponds to the early morning at DRV,
while when DRV is located near noon, TNB is
in the late afternoon. The time period January 1-
15, 1992 was moderately disturbed, the average
K, values being about 2-3 (only during January,
11-14 the K, values increased to 5-6). During
moderate geomagnetic activity, around local
noon both stations move progressively toward
closed field lines; conversely, when the mag-
netic activity increases, the cusp shifts to lower
latitudes and DRV and TNB stay in the polar
cap during the whole day.

We analyzed the 1 min measurements of the
geomagnetic field horizontal components H and
D in the time interval 15-06 UT, corresponding
to 07-22 MLT at TNB and 02-17 MLT at DRV,
in order to include daytime hours at both sta-
tions. The signal was filtered out by applying
sixth order Butterworth type band pass filter
between 0.6-6 mHz (Otnes and Enochson, 1978).
Then amplitude spectra were calculated by
means of direct Fourier transform. Several ex-
amples of the H component daytime spectra at
DRV (solid lines) and TNB are shown in fig. 1.
In general, at low frequency (f< 2 mHz) they are
typically characterized by a relative broadband
activity with amplitude sharply decreasing with
frequency. At higher frequencies the amplitude
more slowly decreases from 2 mHz to 5 mHz,
showing in some cases remarkable enhance-
ments mainly in the 2-3 mHz frequency band
(for instance on January 9-10, 12-13 and
13-14).

Figure 2 shows three examples of the filtered
signal (H component). As can be seen, sharp
pulsations were detected at each station close to
the local magnetic noon (dashed lines in the
figure). In some cases this wave activity seems
to be accompanied by the occurrence of pulsa-
tions also at the other station, although with
much lower amplitude (January 6-7, 18-21 UT;
January 10-11, 19:30-22 UT) while in other
cases (January 12-13) it is hard to find any clear
correspondence between the wave packets ob-
served at the two stations.

To make these aspects clearer, we examined
the experimental data in two frequency bands
(1-2 mHz and 2-3 mHz), also performing a
polarization analysis. Figure 3 shows, as an ex-
ample, the filtered signals on January 6-7 in the
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Fig. 1. H component amplitude spectra in the frequency band 0.6-6.0 mHz at DRV (solid line) and TNB.
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Fig. 2. Three examples of the 0.6-6.0 mHz filtered pulsations at DRV and TNB. Dashed lines show the magnetic
noon at DRV and TNB.
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Fig. 3. The 1-2 mHz (lower panels) and 2-3 mHz (upper panels) filtered pulsations on January 6-7, 1992. Solid
(dotted) lines indicate counterclockwise (clockwise) polarization sense. Dashed lines show the magnetic noon at

DRV and TNB.

time interval 18-06 UT. As can be seen, the
higher frequency pulsations occurring between
18-20:30 UT were observed both at TNB around
local noon and at DRV in the local early morn-
ing, with an amplitude approximately a factor
of 1.5 stronger at TNB. The analysis of the
polarization of these pulsations showed that it is
counterclockwise at both stations; taking into
account the field line resonance effects, at south-
ern polar latitudes and for morning hours these
features are consistent with waves propagating
westward (Southwood, 1974) with a significant
attenuation. Conversely, in the same frequency
band, the pulsations observed between 01-03
UT at DRV, i.e. just after the local noon, were
not accompanied by wave activity at TNB in the
late afternoon. Similar conclusions can also be
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drawn for the lower frequency signal. Indeed,
the pulsations observed near local magnetic noon
at TNB were also detected, although damped, at
DRV in the morning sector and they also showed
the expected counterclockwise polarization at
both stations; on the other hand, the strong wave
packet occurring between 01-03 UT at DRV
found a poorer correspondence at TNB. Note
also that, in both frequency bands, a short wave
packet was observed at both stations in the time
interval 23-00 UT: it had a greater amplitude at
DRV which was closer to the local magnetic
noon. Moreover, it is interesting to remark that
the wave packets had a counterclockwise po-
larization at DRV in the late morning and a
clockwise polarization at TNB, after the local
noon: this feature may be considered consistent
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Fig. 4a,b. a) The same as fig. 3 for the SSC on January 9-10, 1992; b) the 2-3 mHz filtered H component for the
time interval 21:45-23:15 UT at the two stations (thick line at DRV).

with waves propagating westward and eastward
respectively from a source located close to the
subsolar point on the magnetopause (Southwood,
1974).

Figure 4a,b examines the pulsations observed
in correspondence with an SSC which occurred
on January 9 at 21:52 UT, when DRV was locat-
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ed in the morning and TNB in the afternoon
sector. The SSC effect at both stations was very
similar despite the different local time. The
amplitude of the 1-2 mHz field oscillations at
TNB, which was located closer to the local
noon (= 14 MLT), was a little stronger than at
DRV (= 09 MLT); the sense of polarization at
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DRV was counterclockwise while at TNB the
waves showed a clockwise rotation. At both
stations after the SSC there was an intensifica-
tion of the 2-3 mHz pulsations which were also
characterized by the opposite sense of polariza-
tion, consistently with a westward and eastward
wave propagation from the source. As shown in
greater detail in fig.4b, it can also be noted that
at DRV the higher frequency waves first led the
TNB packet by about 2 min. Considering the
observed polarization pattern, this result seems
to indicate that the source of these pulsations
was located between the stations, late in the
morning, closer to DRV than to TNB. About
40 min later, a new sharply defined 2-3 mHz
wave packet at DRV and TNB appeared, also
with the opposite sense of polarization but with
the TNB signal leading DRV by about 2 min. It
suggests that, in this case, the 2-3 mHz pulsa-
tions source was also located between the two
stations but in the early afternoon, nearer to
TNB than to DRV.

3. Summary and discussion

In this paper we analyzed two weeks in aus-
tral summer of low frequency geomagnetic pul-
sation measurements at two ground stations in
Antarctica. The stations are located at the same
geomagnetic latitude of 80.5°S with a longitu-
dinal separation of about 5 h.

The daytime 0.6-6.0 mHz spectral power at
both stations showed a sharp decrease with fre-
quency in the range 1-2 mHz and a broad en-
hancement between 2-5 mHz, often with re-
markable maxima in the 2-3 mHz frequency
band; in these frequency ranges, the pulsations
were observed at each station mainly near local
magnetic noon, as reported by many investiga-
tors (Troitskaya and Bolshakova, 1977; Olson,
1986; Kleimenova et al., 1989; Engebretson
et al., 1995; Villante et al., 1997; Ballatore
et al., 1998). The enhancement of the wave
activity around noon can be explained consider-
ing that, close to the local magnetic noon, the
high latitude stations are expected to approach
the cusp or, during quiet magnetospheric condi-
tions (low K), to be even located on closed
field lines.
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In some cases the pulsations also appeared at
the other station (although with a strong attenu-
ation), more clearly in the morning sector. The
correspondence between the wave packets ob-
served at the two stations and their polarization
patterns are consistent with a solar wind related
origin and a tailward propagation of the waves.
In particular, the observed polarization pattern
with the near noon reversal for both the 1-2 mHz
and 2-3 mHz pulsations is in agreement with
the high latitude polarization pattern of low
frequency waves found by Samson (1972) and
interpreted by Southwood (1974) on the basis
of the field line resonance theory. As regards
the origin of the observed wave activity, com-
pressional waves excited by solar wind pressure
pulses or transient dayside reconnections can be
involved. Such waves as well as waves generat-
ed on the surface of the magnetopause by the
Kelvin-Helmholtz instability may couple with
resonances of shear Alfven modes where the
field lines are closed (Matthews et al., 1996).

Previous works showed that at auroral lati-
tudes Pc5 pulsations have a higher occurrence
frequency in the morning than in the afternoon
(Samson et al., 1971; Olson and Rostoker, 1978;
Lam, 1980; Pilipenko et al., 1997). At higher
latitude our results seem to indicate that in the
afternoon there is less evidence of simultaneous
occurrence of the waves detected around local
noon. Some authors (Rostoker and Sullivan,
1987) have tentatively interpreted the auroral
local time dependence in terms of a stronger
damping of the Kelvin-Helmholtz instability on
the dusk side of the magnetosphere. They also
suggested that afternoon events might originate
mainly from solar wind pressure pulses associ-
ated with corotating regions. This interpretation
can be considered consistent with our observa-
tion of SSC related pulsations both in the morn-
ing and afternoon sectors.
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