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Simultaneous occurrence of short
period ionospheric and magnetic

oscillations in Antarctica
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Dudeney and Jones (1976) describe the experimental
technique and purpose of the high frequency doppler ex-
periment being conducted in Antarctica by the University of
Leicester and the British Antarctic Survey, in collaboration
with the Instituto Antartico Argentino and the National
Science Foundation of the U.S.A. (figure 1). Here, we
discuss more fully the observations of very short period
oscillations (periods of about 1 minute) briefly described in
the earlier report.

A typical observation of rapid oscillations is illustrated by
figure 2. This shows the doppler shifts, f, for all three paths
on a frequency of 5.417 megahertz and for two paths (AD,
PA) on a frequency of 4.286 megahertz. Three separate
events can be identified, timed at approximately 0337,
0356, and 0517 universal time (UT). The ray apogee heights
for the two frequencies were 290 and 250 kilometers respec-
tively, giving a vertical separation between the two sets of

soundings of 40 kilometers. The events appear to occur
simultaneously at both heights and all three reflection
points. Figure 3 shows the 0517 UT event on an expanded
time scale to further emphasize this point. The best time
resolution obtainable from the equipment is about 5
seconds. This implies that either the causative disturbances
are nonpropagating, or have apparent velocities exceeding
10 kilometers per second vertically and 40 kilometers per
second horizontally. Such high velocities rule out acoustic
waves as a cause in these cases, although the latter have been
reported from middle latitudes (Baker and Davies, 1969;
Davies andJones, 1971; Davies andJones, 1973; Yuen et al.,
1969; Weaver et al., 1970).

Figure 4 shows an enlarged portion of a La Cour
magnetogram recorded at Argentine Islands on the day in
question. Small oscillations (1 to 105 amplitude) can be seen
on the trace, whose times of commencement and cessation
agree exactly with those of the doppler events. The La Cour
magnetometer is unsuitable for studying small rapid fluc-
tuations of this type, so it is not possible to identify the class
of perturbations in these examples, but they are most prob-
ably Pi2 magnetic pulsations. A more sensitive magnetom-
eter has now been installed to study these correlations in

Figure 1. Map showing the locations of stations involved
in the experiment (dots). The receivers a.e located at Argen-
tine Islands and transmitters are at Palmer (PA), Adelaide
(AD), now Rothera Point, and Almirante Brown (AB). The
crosses indicate the positions of the ionospheric reflection

points.
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more detail. The correspondence between the rapid doppler
oscillations and magnetic oscillations is a consistent feature
of all the data analysed so far.

The link between ionospheric oscillations and magnetic
pulsations was first reported by Rishbeth and Garriott
(1964). These authors considered two possible mechanisms:
one was dynamo-motor action resulting from alternating E-
layer currents; the other was the interaction of a
hydromagnetic wave with the ionization. They concluded,
however, that neither mechanism was capable of accounting
for the magnitude of effects observed. Subsequently, Duffus

Figure 4. Portion of a La Cour magnetogram recorded at
Argentine Islands on 26 February 1976. Only the H-trace is

shown.
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and Boyd (1968) proposed that magnetoacoustic waves
propagating perpendicular to the geomagnetic field could
be the cause. Recently, Klostermeyer and Rottger (1976)
have presented further evidence linking magnetic pulsations
with ionospheric oscillations, using a single frequency single
path doppler experiment at Lindau (Federal Republic of
Germany). Their analysis indicates that a downward prop-
agating hydromagnetic wave could, after all, account for
the observations. Detailed analysis of the data from our
multifrequency, multipath network should help to resolve
the controversy, since the hydromagnetic wave theory
predicts a particular variation of o'f as a function of sound-
ing frequency which we can test experimentally. We hope to
report on this in the near future.
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Signatures of magnetic field
pulsation activity
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Data recording for the three-component induction
magnetometer system at Vostok continued with the same in-
strumentation and data recording formats as instituted by
V.P. Hessler in 1965. Duplicate records in the form of
Esterline-Angus strip charts and slow-speed magnetic tapes
are taken at Vostok, one set for the Soviet scientists and one
for the Geophysical Institute. Some parts of the analyses are
cooperative with the Soviet scientists, V.A. Troitskaya and
associates.

Data recorded at Vostok are being analyzed in conjunc-
tion with ground-based recordings taken at College
(Alaska), Macquarie Island (Australia), Thule (Greenland),
and at several sites in Finland and with data recorded on
satellites.

In this preliminary report, the pulsation "signature" con-
cept is discussed. It has been recognized for a long time that
there are fundamental difficulties related to the possibilities
that a given interval of pulsation activity observed at widely
spaced sites or on satellites is (a) a single event propagating

to the various observing points from a single source location
which is small in size compared to the magnetosphere, (b) a
single event propagating from a large source region, e.g.,
the dayside and flank regions of the magnetopause or the
region beyond, (c) a superposition of discrete events from
discrete source locations, possibly involving more than one
source mechanism, (d) an event in which different propaga-
tion paths from a source location are involved, with signifi-
cant differences in propagation time and spectra related to
the different propagation paths. It was found, in the course
of the present work, that the level of complication can at
least be reduced by paying close attention to the signatures
of the activity as seen at the various locations, with par-
ticular attention to the frequency-time signatures.

In retrospect, one sees that significant research progress
has been made in areas where the signature concept could
be exploited, e.g., the frequency-time form of a structured
Pc 1 event permits it to be identified at spaced sites and
utilized in studies of hydromagnetic wave velocities in the
horizontal F-layer duct (e.g., Manchester and Fraser, 1970).
In synoptic studies on Pi 2 events the time-amplitude
signature, that is, the onset time, is utilized (Fukunishi,
1975). Since Pi 2 events are the low-frequency parts of Pi
bursts (Heacock, 1967), the broadband frequency-time
signatures of Pi bursts furnish an additional means of identi-
fying these events at spaced sites and satellites.

Pi 2 events, or Pi bursts, are generally thought to be
related to substorm onsets (reviews: Saito, 1969; Jacobs,
1970). The present work has disclosed the following new
findings related to Pi bursts: (1) Though most Pi bursts
maximize in the night sector of the auroral oval and
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