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The fluxgate magnetometer with a digital data
acquisition system that was installed at Siple Station
(Lanzerotti et al., 1971) has been used for an exten-
sive program of data collection to study, among other
topics, the conjugacy of geomagnetic pulsations.
Outlined briefly here is some recent work on the
geomagnetic conjugacy of magnetospheric plasma
waves in the frequency range 16 to 36 millihertz
(commonly called Pc-3 pulsations). Most of this

material is discussed in greater detail in three recent
publications (Fukunishi and Lanzerotti, 174a,b;
Lanzerotti et al., 1974).

A chain of three magnetic stations was estajlished
in the region conjugate to Siple in the NQrthern
Hemisphere. The locations of these three tations
are shown in geomagnetic coordinates in fig. . Also
shown in fig. 1 are the calculated conjugate points
of Siple according to three different magnetopheric
models (beginning in October 1973 a fourth station,
at L	3.5, not shown, began operation).

It has been shown by Fukunishi and Larzerptti
(1974a) and Maclennan et al. (1974) that the maxi-
mum amplitudes of Pc-3 frequency and Pc-4 fre-
quency (.7.5-16 millihertz) magnetospheric plasma
waves often occur in the latitudinal region between
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Figure 1. Locations, in geo-
magnetic coordinates, of the
three Northern Hemisphere
magnetometer stations: DU,
Durham; LR, Lac Rebours; GR,
Girardville. Siple conjugate
points (open	circles)	are
shown according to three
field models: (a) BR corre-
sponds to Barrish and Roeder-
er (personal communications,
1971, 1972); (b) IGRF and
POGO '69 model calculations
from Stassinopoulous and

Mead (1972).
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Figure 2. Wave polarization
ellipsies for three events ob-
served prior to local noon on
January 5, 1972, in the 16-
to	3-millihertz	frequency
band. Event A (left column):
08:05:20 to 08:06:40 Universal
Time (UT); filter, 25 to 30
seconds.	Event B (center
column): 13:23:20 to 13:25:20
UT; filter, 25 to 40 seconds.
Event	C	(right	column):
14:13:00 to 14:15:40 UT; fi]ter,

30 to 45 seconds.
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Figure 3. Wove polarization
ellipsies for three events ob-
served after local noon on
January 5, 1972, in the 16-
to 36-millihertz frequency
band. Event D (left column):
20:01:20 to 20:03:20 UT; filter,
28 to 45 seconds. Event E
(center column): 21:26:00 to
21:28:00 UT; filter, 35 to 45
seconds. Event F (right col-
umn): 22:42:40 to 22:45:12

UT; filter, 40 to 55 seconds.
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Figure 4. Model radial de-
pendence of magnetospheric
plasma density distribution:
(a) predicted wave polariza-
tions and ellipse orientations
for local morning Pc-3 events;
(b) predicted wave polariza-
tions and ellipse orientations
for local afternoon Pc-3
events. The probable locations
of the magnetometer stations
relative to the assumed
plasma distribution are indi-
cated for each of the events
of figs. 2 and 3. The solid,
invertec triangles correspond
to the probable conjugate

lctitudes of Siple.

the stations at L	3.2 (Durham, New Hampshire)
and 4.4 (Girardville, Quebec, Canada). Across
the location where the maximum amplitude is
observed the plasma waves change polarization
(Fuk nishi and Lanzerotti, 1974b).

Sh wn in figs. 2 and 3 are six hodograms of Pc-3
frequ ncy waves observed at various local times dur-
ing January 5, 1972. The time of occurrence (in
universal time: UT) of each of the events is shown
at the bottom of each set of hodograms (local time
LT UT-5 hours). The hodograms in fig. 2 are
for w ye events observed during the local morning.
In th Northern Hemisphere during local morning,
the ti t of the wave ellipses are predominantly in the
north est direction; at Siple, the tilts are in the
northeast direction.

All of the ellipses for event A show left-handed
polarized waves (counter clockwise rotation in the
north, clockwise rotation at Siple). For event B, a
left-handed wave is observed at Durham, and a right-
handed wave is observed at Lac Rebours (Quebec,
Canada), Girardville, and Siple. For event C, a
left-handed wave is observed at Durham, Lac
Rebojrs, and Siple; a right-handed (and approach-
ing linear) wave is observed at Girardville. The
maximum amplitude of the Pc-3 waves was observed
to be at the Girardville or higher latitude for event
A, and in the vicinity of the Lac Rebours and Girard-
ville latitudes, respectively, for events B and C
(Fukunishi and Lanzerotti, 1974a,b).

The local afternoon events in fig. 3 have different
characteristics than the local morning events. First,
the tilts of the waves now are reversed; the tilts in
the north are in the northeast direction while the
tilts observed at Siple are in the northwest direction
(Van-Chi et al., 1968; Lanzerotti et al., 1972). The
wave polarizations at Durham are right-handed for
all events. For events D and E the polarizations are
left-handed at Lac Rebours and Girardville; the

polarization at Siple is left-handed for event D and
linear for event E. For event F, the wave is right-
handed at all stations except Girardville, where it is
predominantly linear. The maximum amplitude of
the Pc-3 wave was in the vicinity of Lac Rebours
for events D and E and in the vicinity of Girard-
ville for event F (Fukunishi and Lanzerotti, 1974a,b).

The wave observations pictured in figs. 2 and 3
clearly indicate that reversals of the Pc-3 wave
polarizations occur in the vicinity of the maximum
wave amplitude in this frequency interval. Further-
more, the observations indicate that systematic
changes occur with local time in the tilt angles of
the wave hodograms. Finally, the waves observed at
Siple are symmetric about the meridian plane with
respect to the waves observed in the north; i.e., the
waves can be considered odd-mode standing Alfvén
waves (Lanzerotti et al., 1972).

The L	4 waves observed at Siple do not always
exactly match the waves measured at Lac Rebours
(L 4) in the Northern Hemisphere. This indi-
cates that the point of conjugacy changes from time
to time due to a change in the magnetic field con-
figuration in the magnetosphere. Using the model
of Chen and Hasegawa (1974) for the excitation,
by an external source, of a shear Alfvén wave at a
local resonant field line, it is possible to map the
latitudinal location of the Siple conjugate point.

Shown in fig. 4 is an idealized plasma density dis-
tribution in the magnetosphere together with the
predicted wave polarizations and wave hodogram
tilts for Pc-3 frequency waves (Lanzerotti et al.,
1974). The wave predictions are made from the
Chen and Hasegawa magnetic pulsation model
assuming a driving source external (at higher lati-
tudes) to the resonance region. The source, propagat-
ing into the magnetosphere as a surface wave, couples
to the local resonant field line. Furthermore, the
source is assumed to propagate from near local noon
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toward the dawn sector during local morning and
from near local noon toward the evening sector
during local afternoon. At the resonance region the
wave is predicted to be linearly polarized.

The observed wave characteristics (polarization,
hodogram tilt, and relative amplitude) for each
event can be compared to the predicted wave char-
acteristics; thus we can determine the location of
each station with respect to the resonance region.
In a similar fashion the observed Siple wave char-
acteristics can be used with the theoretical predictions
to determine the location of the Siple conjugate point
with respect to the resonance region and the Northern
Hemisphere latitudinally-distributed stations. Plotted
under the model predictions in fig. 3 (a and b) are
the relative locations of the four stations for the local
morning and local afternoon events. The location of
the Siple conjugate point for each event is denoted
by the solid, inverted triangle.

Using the observations together with the theoretical
model predictions, therefore, it is possible to deter-
mine the latitudinal location of the resonance region
for a magnetospheric plasma wave event and the
latitudinal location of the conjugate point for a
station in the Southern Hemisphere. As shown by
Fukunishi and Lanzerotti (1974b) and Lanzerotti
et al. (1974), similar considerations of Pc-4 frequency
pulsations, together with the Pc-3 waves, allows a
probable determination of the instantaneous location
of the plasmapause. The use of magnetic pulsations
for the diagnostics of magnetospheric conditions
(Troitskaya and Gul'elmi, 1967) is drawing closer to
a reality.

We thank Drs. Liu Chen, A. Hasegawa, H. P. Lie,
and C. G. Maclennan for many profitable discussions
of this work. Field support for this research was
assisted by National Science Foundation grant Gv-
2 1486.3.
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Micropulsations recorded at
Siple Station
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A micropulsation detector was installed in a Isnow
cave at Siple Station in January 1973. The deiector
included three separate permalloy rods (1.5 meters
long), each rod wound with 50,000 turns of fine
wire, and with the rods clamped together at right
angles. Each detector had a preamplifier to boost
the signal amplitude before transmission down 150-
meter cables to the recording equipment under the
station arch. The detectors were designed to collect
signals from the magnetosphere in a frequency range
of .01 to 10 hertz. Other observing systems at Siple
work in frequency ranges above and below this one.
The recording system contained analog to digital
converters and a digital tape recorder. The incoming
three-axis, vector, rnicropulsations were sampled and
digitized 30 times each second. About 2 days of
recording filled a tape.

The frequency range (.01 to 10 hertz) includes
the micropulsations (small amplitude magnetic fluc-
tuations with frequencies less than 10 hertz) classified
as Pc-1 (Pc for continuous pulsations) with fre-
quencies from 0.2 to 5 hertz. These Pc-1 micro-
pulsations have been observed to occur with par-
ticularly large amplitude just inside the plasmaspiere.
The plasmasphere, that inner region of the magneto-
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