
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.

The authors gratefully acknowledge the support of the
following organizations, without which the experiment
would not have been possible: British Antarctic Survey, In-
stituto Antartico Argentino, National Science Foundation,
usd Science Research Council of the United Kingdom. The
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Signatures of magnetic field
pulsation activity

R.R. HEACOCK

Geophysical Institute
University of A laska

Fairbanks, Alaska 99701

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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Figure 2. Frequency.
time displays for the inter-
val of figure 1. Note that
the broadband bursts
seen at Thule, Vostok, and
Hawkeye 22-23 UT, ap-
peared as Pc 3-4 activity at

College and Macquarie.

Figure	1. Waveform
recordings of broadband
activity	observed	at
Vostok, Thule, and at the
Hawkeye I satellite, which
was near apogee at these
times, 20.7 Re, over the
north polar cap and out-
side the magnetosphere.
Note the broadband
bursts 22-23 UT at
Hawkeye and compare to
figure 2. The Kp indices
were 2 (18-21 UT) and 3 +

(21-24 UT).

presumably originate in the magnetotail, some originate in
the interplanetary medium (figure 1). (2) Some observed Pc
3-4 activity originates in these Pi bursts of interplanetary
origin, the Pi 1 component being attenuated as the event
propagates onto closed field lines (figure 2). (3) Many Pi
bursts that originate in the magnetotail propagate to the
dayside and to the pole sites with clear impulse signatures
that might be confused with sudden impulses of solar wind
shock origin if only dayside data were available (figure 3).
(4) Some Pi burst events actually consist of several bursts
with a separation of one to several minutes between bursts.
This is an important consideration where power spectra are
being considered because the resultant spectrum is a func-
tion of the burst spacings as well as of the individual burst
spectra. (5) Some forms of low amplitude Pi activity ob-
served at dayside and pole sites consist of swarms of sudden

impulses like weak si's. The reproduce level for the Mac-
quarie H frequency-time display in figure 3 was raised to
show the existence of many low amplitude broadband im-
pulses. Impulses are also prominent on the College displays;
note the impulsive character of the activity in the interval
1720-1810 universal time (UT), though this would normally
be classed as Pc 3-4 activity with the assumption of a steady-
state source mechanism. Such activity as seen on figure 3 is
probably the same as that recognized by Lanzerotti et al.
(1973) on middle-latitude records. The relative importance
of impulse source mechanisms in the generation of Pc 3-4
activity, as opposed to steady-state mechanisms such as the
Kelvin-Helmholtz instability, merits more investigation.

The Pi burst that occurs at 2001 UT, 12 December 1972
(figure 3), maximized in amplitudes at Sodankyla,
amplitude records not shown here. A small substorm started
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at 2001. Sodankyla was in the late evening sector; local
mean midnight is at 22 UT. The event propagated, with
reduced amplitudes, to both pole sites and to the dayside
sites (figure 3). Some aspects of this event were previously
discussed (Heacock, 1976). On the same displays, a storm
sudden commencement signature is shown, listed by WDC-A
as occurring at 2145 UT. This event was also seen at all sites
though with reduced amplitudes at the nightside site
Sodankyla. The storm sudden commencement (scs) is most
prominent at Pc 4-5 frequencies as is usual with the ssc's
listed by WDC-A. Quicker impulses, with significant energy at
Pc 1-2 frequencies but lacking at lower frequencies, are seen
on the induction magnetometer displays but are not visible
on the ordinary magnetograms.

The Hawkeye magnetometer data were kindly supplied by
J.A. Van Allen, University of Iowa. This research was sup-
ported by National Science Foundation grants DPP 76-22331
and ATM 71-00617.
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Figure 3. Pulsation signatures of impulses, some of which
maximize in intensity on the night side, some on the day
side. A Pi burst at 2001 maximized at Sodankylä but is seen
at all sites. An ssc occurring at 2145 is also seen at all sites
but with least intensity at Sodankylà which was in the night

sector.
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