
amplitudes of these waves, as observed on the
ground, are often highest at stations somewhat
lower in latitude than would be indicated by the
equatorial propagation distances determined by
the dispersion analysis (Heacock, 1971). There thus
is evidence that the hydromagnetic whistlers propa-
gate in or near the plasmapause.

Park and Seely (1976) provided a detailed his-
tory of plasmapause location at Siple longitude
during a magnetically disturbed interval on 17-22
June 1973. The plasmapause location varied each
day, rising highest in the evening sector. It also
moved lower in altitude as magnetic activity in-
creased, and it was observed to be located near field
lines that come to earth closer to the equator than
Siple during much of 18, 19, and 20 June. Only in
the evening hours on these days did the plasma-
pause rise to field lines connected to Siple.

Several hydromagnetic whistlers were analyzed
in this interval, and as expected these indicated
propagation distances 1 to 4 earth radii above the
plasmapause. There were very few events ob-
served, however, on 17, 18, 19, and 20 June, when
the plasmapause was below Siple field lines. Those
that were observed occurred in the evening at times
when the plasmapause moved briefly above Siple
field lines (Cahill and Johnson, in press).

Whistler and hydromagnetic whistler compari-
sons thus indicate that the hm whistlers may pro-
pagate near the plasmapause since they are seen
(in this limited sample) only when the plasmapause
rises above Siple. The discrepancy between this
observation and the higher propagation distances
determined by dispersion analysis remains unex-
plained. Corrections to account for the evening
sector ring current inflation of the magnetosphere
will somewhat lower the calculated propagation dis-
tances. Also, it is possible that the presence of
heavier ions than protons may modify the disper-
sion relations.

Some Pc-i micropulsations persist continuously
for several hours in the Siple records. These have
been named "long duration micropulsations," and
the highest frequency in the rather complex fre-
quency-time structure exhibits a rise in the morn-
ing hours and a fall in the forenoon and afternoon
hours. It appears that this behavior may also be re-
lated to the plasmapause. The plasmapause moves
in during the early morning hours and out again in
the forenoon toward the evening maximum. If the
upper edge of the long duration event frequency
band represents pulsations generated and propa-
gating in the plasmapause, then we would expect
just this frequency signature—as the plasmapause
moves in hydromagnetic signals propagating there
—would be raised in frequency as the gyro fre-
quency increases (Lewis and Arnoldy, in press).

This research was supported by National Science
Foundation grant DPP 72-05782.
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Hydromagnetic waves near
L=4 in Antarctica

L. J . LANZEROTTI, M. F. ROBBINS, and D. C. WEBB
Bell Laboratories

Murray Hill, New Jersey 07974

A fundamental observational problem in mag-
netospheric physics concerns the extent in space of
the observed phenomena. With one or two space
probes it is unlikely that the geomagnetic extent of
some magnetospheric phenomena, such as ultra
low frequency (uLF) waves, will be understood.
Only with coordinated ground-based and satellite
measurements will it be possible to resolve ques-
tions concerning the magnetospheric scale sizes of
phenomena with dimensions of the order of several
earth radii.

We compared magnetospheric ULF signals meas-
ured at Sanae (SA) and Siple (si), two antarctic
stations near L=4, to examine the longitudinal scale
size of magnetospheric signals in the 10- to 50-
millihertz frequency range (Barker et al., in press).
The South African station SA is 5 hours geographi-
cally and 3 hours geomagnetically from si (figure
1). The Siple instrument is outlined in Lanzerotti
et al. (1972).

We compared data collected on 2 days during
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Figure 1. Antarctica (geo-
magnetic coordinates)
with stations South Pole
(SP), Siple (SI), and Sanae

(SA) Indicated.

which substantial ULF wave activity existed in the
10- to 50-millihertz frequency band. The wave sig-
nals often were not correlated at the two stations,
indicating an azimuthal scale length of less than 5
hours for these frequencies. One-to-one relation-
ships between the observations at the two stations
could be identified at times for irregular nighttime
waves of frequency 10 to 17 millihertz. A reversal
in wave polarizations from lefthand to righthand
was observed around local noon at si; no such re-
versal was seen at SA.

The overall relationship between the data obser-
vations at SA and si can be observed in the com-
pressed time scale wave amplitude plots shown in
figure 2. In this figure a 200-second sliding average
was applied to the si data before plotting. The mu
metal core search coil sensor used at SA makes this
instrument rather insensitive to waves with periods
over about 200 seconds. The impression from this
data display (figure 2) is that, even though the sta-
tions are separated by nearly 5 hours geographi-
cally, the ULF wave enhancements appear to occur
at about the same times at the two stations.

Comparisons of actual wave trains showed quali-
tative associations ranging from very good to none

at all. Six events showing typical associations of
waves of 33-millihertz in frequency are shown in
figure 3. Similar frequencies are seen at both sta-
tions within these time intervals, but it is not easy to
identify individual cycles at both stations in order
to derive azimuthal wave numbers or phase veloci -
ties. This conclusion was found to be valid for all
time intervals when waves of this frequency ('-22-
100 millihertz) were observed at the two stations. In
general, we found that waves with periods between
about 60 and 100 seconds were most easily identi-
fied at the two separate stations. Rostoker (1967)
was able to identify individual Pi2 waves at several
stations spread across the North American conti-
nent.

We calculated the polarization ellipses in the
horizontal plane for a large number of events at
each station on both days. Plotted in figure 4 are
the ellipticities for a number of wave events meas-
ured around local noon at si and SA. The time
scale at si is shifted by 5 hours so that the ellipticities
are compared at equal geographical local time.
Clearly, the wave polarizations observed at si switch
from lefthanded to righthanded across local noon.
No such switch is seen at SA. In terms of current
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Figure 2. Field variations (20 to 200 seconds) for 7, 8, and 9 November 1973 at SI and SA.
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models of hydromagnetic wave renonances at local-
ized latitudes (radial distances) within the mag-
netosphere, this observation implies that si was
on the equatorward side of the resonance region
(Lanzerotti et at., 1974). The fact that a mixed wave
polarization is observed throughout the interval at
SA suggests that SA was near a resonance region
throughout the time interval, lying alternately
equatorward and poleward of the resonance.

The difference in the wave polarization charac-
teristics at SA and si could then be interpreted as a
difference, or a change, in the plasma conditions
near L=4 during the 5-hour time interval between
the two sets of local noon observations. No signifi -
cant change in geomagnetic conditions (as recorded
in the geomagnetic Kp indices) occurred during
this time period.

The ellipticity data of figure 4 present the excit-
ing possibility that instantaneous longitudinal
plasma conditions in the magnetosphere might be
deduced from ULF wave polarization determina-
tions provided sufficient closely spaced stations
were available. Further studies such as these near
L=4 could be made using antarctic data from sta-
tions intermediate between SA and SI; for example,
Halley Bay.

The apparent change on a global scale of the
amplitude of the envelope of the pulsation trains
(figure 2) is strong evidence for the influence of a
wave source external to the magnetosphere, such
as the solar wind. Several authors have presented
evidence for a connection between pulsation

periods as observed at the earth and solar wind
parameters such as velocity (Troitskaya, 1967;
Barker, 1975) and magnetic field amplitude (Gül'el-
mi, 1974).

Recently, results have been presented that
demonstrate an association between the direction
of the interplanetary magnetic field and the modu-
lation of pulsation amplitudes as observed at the
earth (Troitskaya et al., 1974; Webb and Orr, 1976);
wave amplitudes are found to be a maximum for a
radially directed interplanetary field (as proposed
by Greenstadt, 1973).

Thus it appears that, although in most cases it is
very difficult to relate individual wave cycles ob-
served at stations with large longitudinal separa-
tions, the overall characteristics of continuous pul-
sations (including frequency) may be determined
on a much larger global scale. Further investiga-
tion of these topics is in progress at Bell Labora-
tories.

Logistics support was provided by the National
Science Foundation.
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High-latitude ionospheric
absorption

H. J . A. CHIVERS
Department of Applied Physics and Information Science

University of California, San Diego
La Jolla, Calfornia 92093

Various riometer (relative ionospheric opacity
meter) systems with new fast-response units were
operated in Antarctica in 1975. All had wide-beam
antennas directed vertically to record overhead
ionospheric absorption caused by entry of energetic
particles into the earth's atmosphere under dis-
turbed conditions.

At Siple Station, a 30-megahertz riometer was
operated as part of the coordinated observations
being made there and at the conjugate station near
Roberval, Quebec, Canada, to investigate the mag-
netosphere. Previous investigation of analog re-
cordings made at the site already has illustrated
complex relationships among absorption, magnetic
field changes, and very-low-frequency phenomena.
Emphasis now is on detailed analysis of the simple

isolated events that occur at Siple. Digital magnetic
tape records made in parallel with the analog
records are being used for this analysis. Riometer
observations made with both wide-beam and nar-
row-beam systems at Roberval now are available
and will be compared with simultaneous recordings
made during 1975 at Siple.

With the cooperation of personnel of the Na-
tional Oceanic and Atmospheric Administration
(N0AA), wide-beam riometer observations at 30 and
51.4 megahertz were made continuously at
Amundsen-Scott South Pole Station throughout
1975. The station intersects the auroral oval daily,
so absorption occurs frequently. At the South Pole,
there is no confusion of the riometer records by
either daily solar elevation changes or variations in
sky background; thus analysis of the records is
straightforward. Although a digital magnetic tape
recording was not made, high quality analog rec-
ords were obtained. We find that the onset of ab-
sorption for events occurring when the station is
in the night sector is faster than expected from pre-
vious observations. The figure shows an example.
Although the chart speed is only 2.5 centimeters
per hour, since the recorder operated by making
impulses every 2 seconds, it is possible to measure
the onset duration accurately. In the figure, absorp-
tion reaches a maximum of 7.1 decibels at 30 mega-
hertz and 3.2 decibels at 51.4 megahertz in about
150 seconds. Detailed analysis of events like this
shows that they are caused by absorbing ionization
that initially occupies a narrow strip above the sta-
tion. This strip of ionization is quickly replaced
by broad ionization filling the beam. The mechan-
ism for this rapid change is either expansion of the
original strip or movement across the beam of an
absorbing region that has a narrow band of intense
ionization at its leading edge. Although the latter
explanation is attractive because of the similarity
to westward surges observed optically in-satellite
auroral pictures, a firm explanation cannot be
made until spaced-station, narrow-beam riometer
observations are possible. Only in this way can
dynamic analysis of the auroral ionization be made
for comparison with magnetospheric phenomena.

Operation of a 30-megahertz wide-beam rio-
meter near McMurdo was made possible through
the cooperation of the N.Z. personnel at Scott Base
and at Lauder, New Zealand. The instrument
operated successfully until September 1975, when
an external cable broke. Operations were restored
in January 1976. Initial analysis of the records
shows no significant polar cap absorption during
the operating period, although observing condi-
tions were good. Several small events of short dura-
tion were observed. The facilities at Arrival Heights
were expanded during the 1975-1976 austral sum-
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