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Abstract. We conducted a statistical analysis of the
physical characteristics of the micropulsation activity
(Pc3 and Pc4 range) detected, during the austral summer
199495, at Terra Nova Bay (Antarctica, corrected
latitude 80.0°S), a station which is few degrees poleward
of those where most of the Antarctic measurements in
these frequency ranges have been performed. The
emerging overview suggests that the correspondence
between the pulsation power and the external parame-
ters (solar wind speed, interplanetary magnetic field
magnitude and orientation) is significantly stronger than
at somewhat lower latitudes. The day-to-day power
variability was found to be strictly related to the general
level of the geomagnetic activity, and the power level
sharply maximizes at local magnetic noon. In the Pc4
range peaks of correlation with the SW speed are found
in the dawn and dusk sides of the Earth’s magneto-
sphere and the daily variation of the polarization
pattern is closely consistent with that found at auroral
latitudes and at lower frequencies. In the Pc3 range the
correlation coefficient between the pulsation power and
the SW speed has maximum values in the local morning,
and the frequency of selected events reveals a strong
IMF control during closed magnetospheric conditions.
The local time dependence of the correlation coefficient
between the pulsation power and the cone angle reveals
an additional control by the IMF orientation, which
becomes more explicit around local noon.

Key words: Magnetospheric physics (magnetopause,
cusp, and boundary layers)

Introduction

As underlined by several authors, geomagnetic pulsation
research at high latitudes is important in that local field
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lines penetrate extreme magnetospheric regions where
several generation mechanisms for ULF waves are
active (reviews by Fraser-Smith, 1982; Hughes, 1982;
Arnoldy et al., 1988). In these regions, Pc3 (1045 s) and
Pc4 pulsations (45-150 s) typically reach maximum
amplitudes at geomagnetic latitudes of ~70° and appear
to decline rapidly as the point of observation moves
away from the polar cap boundary toward the geomag-
netic poles (Fraser-Smith, 1982; Engebretson et al.,
1986). In particular, Bolshakova and Troitskaya (1984)
found that the maximum amplitude of Pc3 pulsations
coincides with the position of the dayside cusp to within
5° to 8°, and varies in latitude with cusp position during
magnetic disturbances. Moreover, Troitskaya (1985)
showed that the Pc3 spectrum displays a maximum near
the cusp and suggested that the cusp might be tracked
using Pc3 pulsations. At lower frequencies (120—600 s),
Vennerstrom (1999) recently examined the dayside
magnetic variations at a number of stations in Green-
land, Scandinavia and Canada (invariant latitudes
between 67° and 86°) and found maximum amplitudes
between 70° and 75°. On the other hand, Engebretson
et al. (1989) conducted a comparison between South
Pole (corrected geomagnetic latitude 74.2°) and McMur-
do observations (80°) to delineate significant morpho-
logical differences between selected Pc3 events and more
irregular Pil events (1-40 s): they found in particular
that the Pil activity, which is important at South Pole, is
weak at McMurdo, and its occurrence might be related
to the southward turning of the IMF orientation.

The occurrence properties of Pc3 and Pc4 pulsations
in the polar caps could be considered similar to those
observed at lower latitudes in that these fluctuations
appear to represent predominantly a daylight phenom-
enon which becomes more frequent in the local summer
(Fraser-Smith, 1982). Wolfe ef al. (1987), who examined
the power level of pulsations (H component, June—
September, 1982) in the Pc3 and Pc4 band at South Pole,
found in both frequency bands that largest power
enhancements were one to two hours before the local
magnetic noon. Similar results were obtained from the
same station (May—August, 1990) by Engebretson ez al.
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(1994), who examined optical and magnetic pulsations
in the time interval 0700-1600 MLT and concluded that
both kinds of pulsations showed a maximum occurrence
somewhat before local noon for all levels of geomagnetic
activity. Morris and Cole (1987) found at Davis (74.6°S,
magnetic noon ~0945 UT), that the Pc3 occurrence
(February, 1981-March, 1982) maximize between 6 and
10 UT, which might correspond to the probable loca-
tion of Davis under the cusp projection. On the other
hand, Engebretson et al. (1986), extended the analysis of
South Pole observations to nighttime intervals for all of
1983 and found also evidence for a secondary maximum
of the wave activity (1-80 s) between 2100 and 0200
MLT. Some correspondence for similar results in the
Northern hemisphere was provided by Olson (1986),
who examined Cape Parry observations (74.8°N, 273
days of data during 1983) and found a broad band
increase in the ULF spectra (Pc3—Pc5) around magnetic
noon (with maximum values typically encountered
before noon) and a minor amplitude maximum in the
nighttime hemisphere, in connection with substorms. At
lower frequencies (180-420 s), Troitskaya (1985) found,
at latitudes of ~78°, diurnal variations of irregular
pulsations maximized and symmetric around magnetic
noon, while Vennerstrom (1999) estimated a prominent
maximum in the morning side and a secondary maxi-
mum, related to substorms, in the nightside.

The occurrence rate and the amplitude of micropul-
sation events at high latitudes are both significantly
influenced by the solar wind (SW) speed. Wolfe et al.
(1987) evaluated the linear correlation coefficient be-
tween the Pc3-Pc4 power and the SW speed for each
hour of the local time and found, at South Pole, peak
values of the order of 0.6 near local magnetic noon and
approximately four hours later. At a conjugate station
and at lower frequencies (120-240s), Vennestrom
(1999) found a correlation coefficient of the order of
0.78 between the logarithm of the power of pulsations
(6-10 MLT) and the SW speed. Engebretson etz al.
(1998) examined, for the last six months of 1993, the
total power of the horizontal components (Pc5 band) in
the auroral zone and at near cusp latitudes in the Arctic
Canada and found (Kevo, corrected geomagnetic lati-
tude 66.2°N, 6-12 MLT; Cape Dorset, 74.5°N,
8-14 MLT) correlation coefficients with the SW speed
(log—log scale) of the order of 0.73-0.74.

The interplanetary magnetic field (IMF) control of
high-latitude pulsations has been investigated in several
papers with some controversial results. Indeed, while the
statistical analysis of South Pole data in the Pc3-Pc4
range (Wolfe et al., 1987; Yumoto et al., 1987) conclud-
ed that there is poor (or no) correlation between the
power of pulsations and the cone angle (i.e. the angle
between the IMF lines and the radial direction),
Engebretson et al. (1986), who selected narrow band,
well-identified Pc3 events found that near local noon
their occurrence was strongly correlated with the radial
IMF component. A similar conclusion was obtained by
Engebretson et al. (1989), who identified a cone angle
control on the simultaneous occurrence of narrow
band dayside Pc3 pulsations at South Pole, McMurdo,

and at AMPTE CEE in the dayside equatorial magnet-
osphere.

As remarked by several authors, there are two
principal candidates for the exogenic source of high-
latitude Pc3 and Pc4 pulsations: the Kelvin-Helmoltz
instability (KHI) at the magnetopause boundary, and
upstream waves excited by reflected ion beams in the
Earth’s foreshock. In this sense, the correlation between
the pulsation power and the SW speed suggests that
KHI plays an important role (which might be more
significant at lower frequencies) both in the generation
of surface waves and in the amplification of already
existing waves as they are convected and transmitted
through the dayside high latitude magnetopause (e.g.
Yumoto et al., 1987). On the other hand, the strong
correspondence between the pulsation occurrence and
the radial IMF component and the relation between the
pulsation frequency and the IMF strength led other
authors (e.g. Engebretson et al., 1986) to suggest that
upstream wave energy in the Pc3 range can reach low
altitudes on cusp field lines although the KHI is likely to
play an important role in amplifying existing waves as
they pass through the magnetosheath. In addition,
Engebretson et al. (1990) also proposed, by an analysis
of a wide set of experimental observations at South Pole
and McMurdo, that precipitating electrons at cleft
latitudes may also be important (via modification of
ionospheric currents and conductivities) in the trans-
mission of upstream signals as well as in the local
generation of dayside high-latitude pulsations in the Pc3
frequency range. On the other hand, the results obtained
by Olson and Szuberla (1997) and Szuberla et al. (1998)
confirmed the local aspect of the observed Pc3 pulsa-
tions in that they estimated an upper limit of the order
of 140-200 km for the interstation coherence approxi-
mately at cusp latitudes.

In the present work we conduct a statistical analysis
of the physical characteristics of the micropulsation
activity (Pc3 and Pc4 range) detected, during the austral
summer 1994-95, at Terra Nova Bay (TNB, Antarctica,
corrected latitude 80.0°S, MLT = UT -8; LT =
UT + 13), a station which is few degrees poleward of
those where most of the Antarctic measurements in
these frequency ranges were made. We examined the
MLT dependence of the pulsation power and its relation
with the external SW and IMF parameters to provide
additional insights into the exogenic sources of polar cap
fluctuations; in addition, we carefully examined the
polarization pattern which is important for a better
understanding of the propagation aspects. When com-
pared with those obtained at other high-latitude sta-
tions, our results show that the nighttime power
enhancement of the pulsation power appears confined
to narrow latitudinal bands; on the other hand, the
relationships with the SW and IMF parameters (as well
as the observed polarization pattern) appear more
explicit than at lower latitudes and reveal some features
which are useful to distinguish between different gener-
ation processes.

For a discussion of the results obtained in the whole
ULF band from TNB observations over the last several
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years the reader is referred to the review paper by
Villante et al. (1999b).

2 The results of a statistical analysis

Power spectra of the horizontal geomagnetic field com-
ponents (search coil measurements originally sampled at
10 Hz and then averaged and stored at 1 Hz) were
computed over consecutive 4 min intervals in the fre-
quency range 4-100 mHz by using the maximum entropy
method with an autoregression order equal to 20 (Vellante
and Villante, 1984). In the present work we examined data
for the time interval November 21, 1994 to February 16,
1995. Hourly average values of the SW parameters for the
period of interest have been obtained by WIND obser-
vations. Obviously, TNB has a variable distance, through
the day, from the cusp projection and approaches closed
field lines around the local magnetic noon.

2.1 The long-term and the daily variation

A preliminary visual inspection of the experimental
measurements revealed the occurrence at TNB of
irregular Pil events. These phenomena seem to occur
preferentially during daytime hours, have typical ampli-
tudes remarkably smaller than regular Pc3 and provide
a significant contribution to the average power spectrum
during highly perturbed days when they may persist for
several hours. For comparison, almost monochromatic
Pc3 pulsations, which occur at least for 60% of available
days, have typical duration between 30 and 60 min,
dominate by far the power spectrum and are also
detected, although with much minor amplitude, in the

nighttime sector. A similar result was obtained by
Engebretson et al. (1989), who concluded that Pc3
signals are clearly evident even in the predawn sector
in the polar cap.

The day-to-day variability of the geomagnetic power
at TNB is strongly related to the Kp index: this aspect is
made clear in Fig. 1, where the daily values of the
logarithm of the total power of components (log Pr)
approximately in the Pc3 (22-100 mHz) and Pc4 (6-
22 mHz) band is compared with the daily average value
of the planetary activity index. As can be seen, high Kp
values correspond to high power levels and correlation
coefficients such as 0.84 and 0.82 are estimated in the
higher and lower frequency band, respectively. Likely,
this feature simply reflects the close relation of both the
pulsation power and the geomagnetic activity with the
SW speed. We evaluated, indeed, the correlation coef-
ficient between Kp and the SW speed and found r = 0.7
in the period of interest. On the other hand, the
pulsation energy has also been found to be dramatically
influenced by the SW speed (Fig. 2): we found, indeed,
correlation coefficients such as 0.88 and 0.84 (Pc3 and
Pc4 band) between log Pz and SW speed (daily average
values). More particularly, a log-log approximation of
the experimental data allows estimating a power law
variation of the pulsation power with the SW speed such
as V*? and *!, in the Pc3 and Pc4 band, respectively.

The daily distribution of the hourly average values of
log Py, log Py (Fig. 3) reveals, for both components, a
daily variation with a clear maximum around magnetic
noon (with a total excursion of an order of magnitude,
more explicit in the H component), while it does not
show any evidence for the secondary maximum detected
at other high latitude stations at local midnight (Enge-
bretson et al., 1986; Morris and Cole, 1986).
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2.2 The MLT dependence of the SW speed control

As previously remarked, the correlation between the
pulsation power and the SW speed in general suggests
an important role of the KHI instability in the
generation, as well as amplification, of the magneto-
spheric fluctuations. To investigate this aspect better, we

examined in Fig. 4 the daily variation of the correlation
coeflicient between log P7and the SW velocity (separate
analysis for each component provide approximately the
same results). In this analysis the propagation time, less
than 1 h, from the variable WIND position to the
magnetosphere has not been considered. On the other
hand the SW speed (which typically shows significant
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Fig. 4. The daily variation of the correlation
coefficient between the logarithm of the total

power and the SW speed for the Pc3 (top
plot) and Pc4 band (bottom plot). The

03l : i ;
0 5 10 15
MLT (hours)

variations on much larger time scales (of the order of
1-2 days) in the period of interest has an autocorrela-
tion coefficient equal to 0.994 at a lag time of 1 h. As
shown in Fig. 4 (top plot), in the Pc3 band, the
correlation coefficient is high for the whole day: in
particular, it attains greater values in the local morning
(r > 0.8 between 05-11 MLT); then it shows a general
trend for a progressive decrease up to minimum night
values of the order of 0.6 (i.e. still well above the 99.9%
confidence limit, » ~ 0.4). Separate analysis for narrow-
er frequency bands (not shown) suggest a similar
behaviour (i.e. higher r values in the morning than in
the afternoon hours) in the entire Pc3 band: however, r
progressively decreases with the increasing frequency:
for example, its morning side maximum is ~0.9 at
22 mHz and decreases to ~0.76 at 100 mHz.

The correlation coefficient between log P and the
SW speed is generally high also in the Pc4 band
(minimum midnight values are now of the order of
0.4, Fig. 4, bottom plot): moreover, it shows two
prominent peak values ( ~ 0.85) at the magnetic dawn
and dusk meridians, while in the wide noon sector
(10-15 MLT) it decreases to average values of the order
of 0.65. In this case separate analysis (not shown)
conducted for narrower frequency bands show that the
morning and afternoon maxima of comparable height

number of data points in each hour ranges
20 between 62 and 66. Dashed lines correspond
to the 99.9% confidence level

more clearly emerge at the lowest frequencies
(<12 mHz), while at higher frequencies the r behaviour
progressively approaches that one observed in the Pc3
band.

2.3 The IMF control

In order to investigate the possible influence of
penetration within the high-latitude magnetosphere of
upstream wave phenomena, we also conducted a
correlation analysis of the Pc3 and Pc4 power with
the cone angle, 0py. In this case, since the IMF
direction may have significant variations on time scales
smaller than 1 h, we restricted our analysis to the time
interval in which the propagation time from the WIND
position to the Earth’s magnetosphere was smaller than
20 min and did not take into account the effects of the
time lag. In addition, in order to increase the statistical
significance, we evaluated the daily variation of the
correlation coefficient on time intervals of 3 h. The
results of Fig. 5 reveal that the power of pulsations is
also influenced by the cone angle, with correlation
coeflicients which are more significant in the Pc3 range
and in the wide dayside sector, and attain highest
values around local noon.
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As is well known, a close relationship between the
frequency of pulsation events and the IMF strength
[f (mHz) ~ 6B (nT), Troitskaya and Bolshakova, 1988]
has been detected in a wide latitudinal range, although
some controversial results have been obtained at high
latitudes. In Fig. 6 we show the results obtained for few
daytime events. These events are initially selected in the
individual 4 min spectra when the power at the peak
frequency, fmax, Overcomes by a given threshold 771 the

the radial direction for the Pc3 (top plot) and
20 Pc4 band (bottom plot). Dashed lines corre-
spond to the 95% confidence level

average power evaluated over a constant amplitude (log
scale) frequency interval centred in f,,,; then, the power
of selected events is requested to overcome by a
threshold 72 the power at the same f,.x frequency in
the reference spectrum (Vellante ez al., 1989) evaluated
for the whole time interval examined in the present
investigation. As discussed by De Sanctis (1998) a
definite choice of T'1 and 72 allows us to select the most
energetic, monochromatic events in the period of
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0 0 ward IMF orientation (right).
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empirical relationship
1Bl (nT) IBI (nT) f(mHz) = 6B (nT)
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interest. As shown in Fig. 6, the IMF control on the
pulsation frequency appears poor (r = 0.34), when the
whole set of selected events is considered, but becomes
strict (» = 0.8, and the regression coefficient is 5.7) when
the IMF has a northward component.

2.4 The results of a polarization analysis

We also performed a polarization analysis with inter-
esting results. We examined, indeed, the cross-power
spectra of the horizontal components using the tech-
nique for partially polarized waves as proposed by
Fowler et al. (1967). Individual spectra were evaluated
over 256 s intervals and the cross-spectral estimates were
computed for 26 equally spaced frequencies between 4
and 102 mHz. In particular, we analyzed consecutive
30 min intervals with a step size of 15 min. Then, for
each 30 min interval the polarization ratio R (i.e. the
ratio between the polarized and total intensity of the
horizontal signal) and the ellipticity E (i.e. the ratio
between the minor and the major axis of the polariza-
tion ellipse in the horizontal plane) were computed with
14 degrees of freedom. In order to determine the
confidence limits of our analysis, we preliminarily
applied the method to two independent time series of
more than 100 000 random numbers and by processing
them with the same technique adopted for the real case
we obtained R > 0.7 (0.75) for less than 3.7% (1.7%) of
the cross-spectral estimates.

Figure 7a shows the daily behavior of the percentage
of 30 min intervals having R > 0.7 (similar results are
obtained for higher R values and after removing
intervals in which the sense of polarization was less
clearly defined, i.e. —0.1 < E < 0.1). As can be seen, this
percentage typically ranges between 25% and 50% and
shows two maxima respectively at 09-10 MLT (more
explicit at the lowest frequencies) and in the Ilate
afternoon. The results obtained for the polarization
pattern are shown in Fig. 7b, in which bottom lines
represent, for comparison, the polarization pattern
inferred from the results obtained by Samson (1972)
for auroral Pc5 pulsations. As can be seen, at the lowest
frequencies, the experimental results show a close
correspondence between the expected (for waves prop-
agating westward in the morning and eastward in the
afternoon side of the Earth’s magnetosphere, when
resonance effects are taken into account, Samson, 1972;
Chen and Hasegawa, 1974) and the observed polariza-
tion pattern. There are four reversals of the dominant
polarization sense which is clockwise (CW, viewed in
the direction of the ambient magnetic field) approxi-
mately between 23-6 MLT, counterclockwise (CCW)
between 7-11 MLT, newly CW between 12-16 (with
extreme percentages of CW polarization at 14 MLT),
then newly CCW between 18 and 21 MLT. The
polarization pattern becomes less clear with increasing
frequency: however, in the Pc3 band, a definite CCW
polarization still emerges in the morning sector (4—
13 MLT, between 20-51 mHz, 4-10 MLT, at higher
frequencies).

3 Summary

In the present work we examined some statistical aspects
of the micropulsation activity (Pc3 and Pc4 range)
detected during the austral summer 1994-95 at TNB
(80°S), a station which is few degrees poleward of those
where most of the Antarctic measurements in these
frequency ranges were performed. In particular, the
principal results of the present investigation can be
summarized as follows:

a. The day-to-day variability of the geomagnetic power
is closely related to the general level of geomagnetic
activity, with correlation coefficients greater than 0.8.
The total pulsation power shows, on a daily time
scale, a power law variation with the SW speed such
as V*? and 1*! in the Pc3 and Pc4 band, respectively,
with correlation coefficients such as 0.88 and 0.84.

b. The micropulsation activity exhibits a sharp daily
modulation that provides much higher values around
local magnetic noon, with a total excursion approx-
imately of an order of magnitude in both frequency
bands and components. Conversely, we did not find
any statistical power enhancement in the nighttime
sector.

c. In the Pc4 range the correlation coefficient between
the pulsation power and the SW speed peaks at the
magnetic dawn and dusk meridians, and the MLT
dependent polarization pattern shows four reversals
of the dominant polarization sense.

d. An additional control of the cone angle on the
pulsation power is detected in the wide dayside sector,
and highest values of the correlation coefficient are
observed around local noon and in the Pc3 range. In
this frequency band the correlation coefficient be-
tween the pulsation power and the SW speed has
maximum values in the local morning. In addition,
the frequency of selected events reveals a strong IMF
control during closed magnetospheric conditions.

4 Conclusions

Although any comparison of experimental observations
performed at different stations and at different times can
be influenced by several factors such as the solar cycle,
the seasonal variations, the selection criteria, the data
processing, etc., the emerging overview of the present
investigation suggests that several aspects of the pulsa-
tions activity at TNB may be significantly different than
at lower latitudes. In particular a comparison with the
results obtained in previous investigations allows draw-
ing the following conclusions:

a. KHI, direct penetration of upstream waves, cusp
proximity, substorm occurrence, etc., are all aspects
which in general provide significant contributions to the
pulsation power in the high-latitude magnetosphere. In
this sense, the correspondence between the pulsation
power and some external parameters (SW speed, IMF
magnitude, cone angle) suggests that the relative con-
tribution of exogenic sources at TNB may be more
important than at somewhat smaller latitudes. In
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Fig. 7. a The daily variation of
the percentage of polarized events
for different frequency bands.

b The daily variation of the per-
centage of CW polarized events.
Bottom lines identify the time
intervals in which CW (solid line)
and CCW (dotted line) should be
expected from the polarization
pattern inferred by Samson et al.
(1971)



1420 U. Villante et al.: An analysis of Pc3 and Pc4 pulsations at Terra Nova Bay (Antarctica)

particular, the SW speed is clearly the key element in
determining the level of the dayside pulsation power
both in the Pc3 and Pc4 band, and the close correspon-
dence between the level of the pulsation power and the
geomagnetic activity simply reflects, in our opinion, the
close relationship of both these parameters with the SW
speed. In agreement with the results obtained in previ-
ous investigations at the same station (Villante et al.,
1997, 1998; Lepidi et al., 1999), we would then conclude
that, in general, the power level at ~80° is more strongly
related to the SW speed than at smaller latitudes.
Indeed, although the results of correlation analysis may
be influenced by the different techniques and time scales,
the results obtained at smaller latitudes suggest much
smaller correlation coefficients between the pulsation
power and the SW speed: for example, at South Pole, on
an hourly time scale, Wolfe ez al. (1987) found r = 0.42
and » = 0.46, in the Pc3 and Pc4 band, respectively,
while Yumoto ez al. (1987) estimated » = 0.64 in the
Pc3 band, after restricting the analysis in the noon
hourly interval. The strong relationship between the
pulsation power and the SW speed (which more
explicitly emerges far from the noon sector, i.e. when
the power level is less influenced by the cusp proximity)
suggests in particular a dominant contribution of the
KHI in the generation of surface waves and the
amplification of already existing waves, as they are
convected and transmitted through the high-latitude
magnetopause (Yumoto et al., 1987).

b. At latitudes of the order of 74°-75° and in both
hemispheres (Engebretson et al., 1986; Olson, 1986) the
pulsation power showed peak values around magnetic
noon (with maximum values typically encountered
before noon) and a minor amplitude maximum in
the nighttime hemisphere, which were attributed to the
proximity of cusp and dayside aurora and to the
nightside polar expansion of auroral substorms, respec-
tively (Arnoldy et al., 1986; Engebretson et al., 1986): in
this sense, the absence of the nighttime power enhance-
ment at TNB might be reasonably interpreted in terms
of a negligible substorm influence at ~80° on the Pc3
and Pc4 power. The results of recent investigations,
although at lower frequencies, can be considered con-
sistent with the present scenario: indeed, Lanzerotti
et al. (1999), who examined geomagnetic fluctuations at
~5 mHz, found dramatic differences between 75° and
80° and also remarked that the spectral features asso-
ciated at ~75° with the southward turning of the IMF
did not find correspondence at higher geomagnetic
latitudes.

c. Some significant different features emerge in differ-
ent bands. In particular, in the Pc4 band the occurrence of
peaks of correlation between the pulsation power and the
SW speed at the dawn and dusk meridian can be
considered a new important signature in favour of a
major role of the KHI along the magnetopause flanks. On
the other hand, in agreement with present findings, Lepidi
et al. (1999), who conducted a statistical analysis of low
frequency fluctuations (0.8-3.6 mHz) at TNB and
McMurdo, found a very similar polarization pattern with
four polarization reversals approximately at the same

MLTs. We would then conclude that, below 12 mHz, the
experimental results are consistent with the polarization
pattern predicted by theoretical models (Samson, 1972;
Southwood, 1974; Chen and Hasegawa, 1974) for a
resonant coupling between the fast compressional wave
mode (generated at the magnetopause and propagating
westward in the morning and eastward in the afternoon
side of the Earth’s magnetosphere) with the shear mode.

d. The additional cone angle control on the broad
band pulsation power (which conflicts with the results
obtained at South Pole for similar statistical analysis,
Wolfe et al., 1987; Yumoto et al., 1987), the occurrence
of maximum values of the correlation coefficient be-
tween the SW speed and the Pc3 power in the morning
sector, and the strong IMF control of the frequency of
selected events during closed magnetospheric conditions
(it is interesting in this sense to remark that the
regression coefficient is practically the same obtained
at the same station during the passage of a high-velocity
SW stream, Villante et al., 1999, and by Engebretson
et al., 1986, for noon time observations at South Pole,
and by Yumoto et al., 1984, at synchronous orbit) are
all aspects which reveal that also the direct penetration
of the external wave energy may be more important than
at smaller latitudes (Engebretson et al., 1986, 1989). In
this frequency range, the polarization pattern is less
clear and opposite to that one which should be expected
for antisunward propagating fluctuations: it represents a
feature which, in our opinion, needs further investiga-
tions (also from a theoretical point of view) for a more
definite understanding of all the aspects of high-latitude
ULF pulsations.
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