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Figure 3. Median values of absorption ratio compared with
theoretical values for various widths and absorptions.

on the inverse square of the observing frequency. Figure 2 in-
dicates that this was not the case; in fact, the absorption
varied from about 1 to about 3 during the course of the first
part of the event. This indicates that either the spectrum of
the precipitated electrons is initially very hard or the absorp-
tion occupies only a fraction of each antenna beam. The fact
that the spikey appearance of the absorption does not result in
• perturbation of the ratio indicates that the spike is caused by
• rapid change in the flux of the precipitation rather than by a
rapid change in spectral characteristics or spatial extent.

If the low value of the ratio at the beginning of a spike
event is caused by spectral hardening, then the values indicate
that particles with an energy in excess of 10 million electron
volts would predominate at the beginning of the event. This is
unlikely (see, e.g., Axford and Nielsen, 1977) . The change in
absorption ratio during spike events is most likely due to the
absorbing region's initially being narrower than the beam
width of wide-beam antennas. This was tested using South
Pole data. For each of the 200 pike events recorded there dur-
ing 1975 and 1976 the value of absorption at the peak was
calculated and a ratio derived. The values were then com-
bined so that for a particular value of absorption observed at
51.4 MHz, a median value of the ratio was derived. Although
the raw data show a large scatter, as might be expected from a
group of unrelated events, the median clearly shows that the
ratio decreases as the absorption increases. To obtain a
description of a typical event, the median values were com-
pared with theoretical curves derived for a model in which
the absorption is distributed as a Gaussian strip across the an-
tenna beam. Curves were drawn for various characteristic
widths expressed as a fraction of antenna-beam width. The
results are shown in figure 3, which also indicates values of
absorption occurring at the center of the Gaussian strip. The
trend in the median values is similar to the trend indicated by
the model; 0.2 is a typical characteristic width. Since the
beam width was 60° between half power points, the half-
width of the absorption strip is 36 kilometers, assuming the
altitude of the absorbing region is 90 kilometers.

These results indicate that the spike events are caused by a
rapid onset of precipitation over a narrowly confined region
that gradually spreads to cover the whole beam in a period of
10 minutes or more. The peak in the absorption appears to be
caused by a rapid increase in the precipitated flux rather than
by a dynamic change in the spectrum of precipitation. This
has been verified by a compar.on between observations of
precipitated electrons made with the geostationary satellite
ATS-6 (Mcllwain, C. E., personal communication), and
spike events observed at a station of approximately the same
field line (Hargreaves, J . K., personal communication).

Now that close association between riometer and satellite
measurements has been established, it is proposed to extend
the observing system at South Pole Station to include narrow-
beam antenna and digital recordings of the data. Cooperative
programs will be maintained at the other stations.

This work was supported by National Science Foundation
grant DPP 76-80556. The assistance of personnel from Stan-
ford University, the Department of Scientific and Industrial
Research, New Zealand, the National Oceanic and At-
mospheric Administration, Boulder, and the U.S./U.S.S.R.
exchange scientist (Dr. Zaitzev) is gratefully acknowledged.
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Polar cap geomagnetic variations
studies

A. N. ZAITZEV

Institute of Terrestrial Magnetism
Ionosphere and Radio Wave Propagation
Troitsk, Moscow region, 142092, USSR

Ground-based observations of magnetospheric substorms
are still an important tool for research in space physics. Data
from stations located in the auroral zones and the polar caps
have led to investigations and discoveries of events that were
not known earlier. Among these recent findings are several
important discoveries, most notable being the connection be-
tween the interplanetary magnetic field and geomagnetic
variations seen from the polar cap (Mansurov, 1969), the pre-
cipitation of particles directly through the cleft of the mag-
netosphere into the ionosphere (Heikkila and Winningham,
1971), and the realization of the continuity of the auroral oval
(Akasofu, 1976).
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The ground-based instruments at Amundsen-Scott South
Pole Station such as magnetometer, riometer, photometer,
and all-sky camera with continuous, simultaneous satellite
measurements provide a unique possibility for research. The
geomagnetic field variations serve as basic data for specula-
tions about magnetospheric substorm patterns.

During February 1977 a Soviet-made field-type mag-
netometer was installed at South Pole, and regular observa-
tions were begun 1 March 1977. The sensitivity of the instru-
ment is as follows: horizontal component is 7.8 gammas per
millimeter, declination is 7.8 gammas per millimeter, vertical
is 9.8 gammas per millimeter. Registration of the three
orthogonal components enables estimates of ionospheric cur-
rent systems flowing during substorms at approximately 100
kilometers above earth in the vicinity of the South Pole. A pri-
mary task is research into auroral oval dynamics. A first ap-
proach, taking into account the close temporal connection be-
tween the structures of the magnetosphere and the auroral
oval, is to estimate night-side electrojets and day-side cleft
positions.

Figure 1 shows a sample of a magnetospheric substorm on
the night-side of the auroral oval. The dotted lines represent
the magnetic field level in the absence of currents. The
substorm begins at 0020 universal time (UT) with an increase
in the H-component. This means currents are flowing along
the latitudes in an easterly direction. At 0050 UT currents ap-
pear from the opposite direction, leading to a sharp depres-
sion of the magnetic field; these currents exist until 0150 UT.
The dashed lines present hypothetical geomagnetic field
variations caused by eastward currents. The figure thus is an
example of a magnetospheric substorm in which electrojets
exist simultaneously in opposite directions. The
electrodynamics of the ionosphere is unknown during such
events.

Recordings from the magnetometer were compared with
corresponding data from the riometer and the photometer. A
riometer was installed in 1975 and has been running ever
since (Chivers, 1976). The photometer was made using spare
parts from the scanning photometer (Harris, 1977).

Figure 2 shows what happens when South Pole Station is
on the day-side of the auroral oval, i.e., close to the cleft of the
magnetosphere. In the magnetic field we see typical varia-
tions—a fast, smooth decrease between 0800 and 1000 UT
which reaches 200 gammas during the main phase of 1 to 2
hours and a recovery phase that lasts 2 to 3 hours. The most
common feature here is the appearance of pulsations during
the main phase and their growth during the recovery phase.

The character of variations from the photometer is quite
similar to the magnetometer recordings, but it reaches a max-
imum during recovery phase. The morphology of bursts in
the photometer data indicates the small scale and irregular
structure of aperiodic oscillations in the auroral light inten-
sity.

Riometer variations during this event look similar to the
photometer ones. Major disturbances on the riometer record-
ing likewise appear only during the main phase. The
amplitude of variation is very small and does not exceed 0.5
decibels. Aperiodic fluctuations also are present and develop
during the time of event. The initial rapid decrease, or fall
phase, in the magnetic field apparently corresponds to the
moment when changes in the magnetic field line configura-
tion occur. The appearance of pulsations and the develop-
ment of the main phase and the recovery phase correspond to
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Figure 1. Magnetospheric substorm as recorded at South
Pole Station. The positive change of components is upward;

the scales are on the left side.
the moment when we have the precipitated flux of particles
coming from cleft region in the magnetosphere. If we con-
sider that the projection of the cleft region on the ionosphere
coincides with the day-side of the auroral oval, we can deter-
mine for this event that the position of the neutral point, or
cleft center, lies between 1130 and 1230 UT. This interval ex-
hibits a maximum of storminess in the riometer and the
photometer data and likewise sees the most active pulsations
in the magnetic field. It seems to us that such samples can ap-
pear every day, if the global state of magnetic activity is simi-
lar to that in this sample. So during moderate magnetic ac-
tivity on the day-side of the auroral oval we observed specific
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Figure 2. Correlative graphs of magnetometer, photometer
and riometer data as recorded at South Pole Station 24 July
1977. Note the cleft-type variations of the geomagnetic field in

the H-component.

geomagnetic variations that correspond to the cleft of the
magnetosphere. The appearance of the cleft at geomagnetic
latitudes around 74° can be detected easily with the photo-
meter.

This research was supported by the National Science
Foundation in the Soviet-U.S.A. antarctic exchange scientist
program. I thank all members of the Foundation and the U.S.
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possible. My thanks extend to the crew who spent the winter
at the South Pole in 1977 for providing moral support and a
congenial atmosphere.
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High time resolution studies of
sudden impulses

R. R. HEACOCK

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Operation of the three-component induction mag-
netometer and associated data recording systems at the Soviet
Union's Vostok Station (78°28'S. 106°48'E.) continued in
cooperation with Soviet scientists of the Arctic and Antarctic
Scientific Research Institute, Leningrad. This year, the data
amplifiers were replaced by a 3-channel amplifier having
response to 30 hertz, and a data logger with integral digital
cassette tape recorder was added to the system.

One aspect of the data analysis is concerned with high
time resolution comparisons of onset times for sudden im-
pulses SI in the earth's magnetic field, using data from Vostok
and from other induction magnetometer sites operated by the
Geophysical Institute. The figure shows an example of a
magnetic storm sudden commencement ssc with data from
Vostok; College, Alaska (64,6°N. Invariant Latitude); and
Sachs Harbour (76.2° N. IL). The ssc occurred in early after-
noon, local time, at College and Sachs Harbour. The onset of
oscillations at periods T 5 to 10 seconds was nearly
simultaneous at these three widely separated sites, 0027:13 at
Vostok, 0027:14 at College, and 0027:12 at Sachs Harbour.
There was an exceptionally clear onset of cosmic noise ab-
sorption at College as detected by the 30 megahertz riometer,
with onset time 0026:52. Thus precipitation of energetic
electrons at College preceded the magnetic field ssc by about
22 seconds. It is likely that energetic trapped electrons were
released in the equatorial sector of the College field lines and
the 22 seconds represents the time difference in arrival of the
energetic electrons and the hydromagnetic waves.

Though oscillations began at Sachs Harbour near
0027:12, there is a clear onset at lower frequencies near
0027:00 in the H component and perhaps earlier in D
(figure). Sachs Harbour was probably on or near dayside
cusp field lines at the time, hence the effect near 0027:00 may
be interpreted as the signal from ionospheric currents associ-
ated with particle precipitation down the cusp field lines.

The onset time of an ssc or SI is often clearcut as in the 29
July 1977 case, and the event time can be measured to within
several seconds. The activity which follows the impulse is
usually very complex and may represent the arrival of the im-
pulse via other propagation paths where the time delay is
greater, e.g., through the plasmasphere, together with signals
locally generated from ionospheric and field-alined currents.

SSC's and Si's are useful tools for studying hydromagnetic
wave characteristics and associated particle precipitation
characteristics because the event signatures are clear and can
be recognized on recordings from widely separated sites and
satellites. In the case of more general pulsation activity, e.g.,
Pc 3-4 activity, for a specific time, we cannot be sure that a
meaningful relation exists between the pulsations as observed
at widely separated sites. However, some Pc 1-2 pulsation
events have clear frequency vs. time signatures and can be
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