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A comparison of
low-frequency pulsations
in electron precipitation

and magnetic fields
at South Pole Station
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University of Maryland

College Park, Maryland 20742

The University of Maryland 30-megahertz riometer and the
Bell Labs fluxgate magnetometer have recorded data continu-
ously at South Pole Station since 1982. The riometer provides a
measurement of the flux of energetic (greater than 5-10 kilo-
electronvolts) electrons precipitating into the ionosphere, while
the magnetometer detects the components of the geomagnetic
field in the H (north-south), D (east-west), and Z (vertical)
directions. Our survey of the data from these two instruments
reveals the existence of intervals of long-period (200-1,000 sec-
onds) pulsations appearing in both precipitation and fields.
Only those events showing three or more complete cycles and
occurring between 0600 and 1800 magnetic local time were con-
sidered; this produced a database of 252 events for the period
from 1982 to 1989.

One such correlated pulsation event is shown in figure 1. The
data shown in this and subsequent figures have been filtered
with a wide bandpass filter with cutoffs at 20 and 600 seconds.
The pulsations clearly are correlated and last for nearly an hour.
Note that the onset of pulsations in the two traces is nearly
simultaneous.

Figure 2 shows another such event but with an important
difference. Although the field and precipitation pulsations are
correlated in the latter part of the event as before, the onset of
precipitation pulsations occurs much earlier than the onset of
field pulsations. Cross power-spectral analysis confirms that
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Figure 1. Cosmic noise absorption (an indicator of energetic elec-
tron precipitation), is the upper curve and the H (north-south) com-
ponent of the geomagnetic field is the lower curve in this plot of
an hour-long interval on 16 May 1983. The data are 10-second av-
eraged and bandpass filtered. Note the nearly simultaneous onset
of pulsations in the two plots. (dB denotes decibel. nT denotes
nanotesla.)

the magnetic field data and the precipitation share a common
frequency of 2.5 millihertz.

To understand the significance of the disparity in onset times,
the origin of the correlated pulsations must be considered. Co-
roniti and Kennel (1970) outlined a mechanism whereby mag-
netic pulsations (perhaps originally excited at the magneto-
pause; see Chen 1974) in the frequency range of interest could
create precipitation pulsations at their own frequency by mod-
ulating the growth rate of whistler mode turbulence at the
magnetic equator. If precipitation pulsations and magnetic pul-
sations do begin at the same time at the magnetic equator, the
difference between the electron velocity (a few tenths of the
speed of light) and the Alfven speed (the speed at which mag-
netic disturbances propagate through a plasma; in this case, a
few hundred thousand kilometers per second) will lead to dif-
fering onset times as seen on the ground. At South Pole Station,
the expected disparity is on the order of several hundred sec-
onds.

To determine the onset objectively in cases such as the one
shown in figure 3, where oscillations at other frequencies may
occur in one of the traces, a computer program that determined
onset based on averaged variances was used. Analysis of the
pulsation events mentioned above using the onset finder pro-
gram indicated that in 30 percent of the events the onset of
precipitation pulsations preceded the onset of magnetic pul-
sations by more than 120 seconds; however, in 35 percent of
the events pulsations in precipitation and fields began within
less than 120 seconds of each other. Finally, 35 percent of the
events showed the onset of magnetic pulsations leading the
onset of precipitation pulsations by 120 seconds or more. The
dividing line was set at 120 seconds, because that is approxi-
mately half the expected delay introduced by transit time and
is about twice the estimated error of the onset finder program.

Those events which show precipitation pulsation onset lead-
ing magnetic pulsation onset are consistent with Coroniti and
Kennel's prediction, but those that show very little difference
in onset time between field and precipitation pulsations are
not. If the disparity in onset times is caused by the differing
travel times from the source to the station, the source region
for such events must lie much closer to the station than the
magnetic equator; in many cases, the data are consistent with
simultaneous onset in precipitation and magnetic fields. Al-
though a model once was developed suggesting that the ionos-
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Figure 2. This plot has the same format as figure 1, but the pulsa-
tions in the absorption begin almost 15 minutes earlier than the
pulsations in the magnetic field. (dB denotes decibel. nT denotes
nanotesla.)
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Figure 3. The presence of several frequency components makes
the determination of onset difficult in the magnetic field compo-
nent in this case. (dB denotes decibel. nT denotes nanotesla.)

pheric modulation of steady precipitation could lead to pulsa-
tion events of this type (Maehlum and O'Brien 1968), it is
unclear if such a mechanism is applicable here.

Another means of distinguishing these two classes of events
is provided by the Stanford University very-low-frequency de-
tector which also is located at South Pole Station. By averaging
the very-low-frequency signal in the 500 hertz to 1,000 kilohertz
band over the duration of each of the pulsation events, a single
number denoting the level of very-low-frequency activity dur-
ing each event was found. Some 70 percent of the events in
which the onset of precipitation pulsations leads the onset of
magnetic pulsations have a higher level of very-low-frequency
activity than the events with nearly simultaneous onsets. This
may be significant in that Coroniti and Kennel (1970) predict

that correlated pulsations events could occur during times of
enhanced very-low-frequency activity.

The last class of events, in which magnetic pulsations begin
before the associated pulsations in precipitation, may be attrib-
utable to movement of an area of precipitation into the riome-
ter's field of view, resulting in an apparent onset that is later
than the true onset. Such movement cannot explain events of
the first type, because the riometer is sensitive to a smaller area
than the magnetometer. Comparison to data from the imaging
riometer for ionospheric studies (IRIS), installed at South Pole
in 1988, (Detrick and Rosenberg 1990), confirms this explana-
tion for 12 out of the 15 events of this type for which good IRIS
data was available, during the years 1988 and 1989.
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Imaging riometer
measurements of
F-region electron

density structures
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Radio-wave absorption in the F-region is not usually consid-
ered as a mechanism for riometer fluctuations, because the
critical frequency of the F-region is usually much lower than
the wave frequency. For example, riometer operating frequen-
cies are typically in the range 20-50 megahertz, whereas the
critical frequency of the F-region is commonly on the order of
2-3 megahertz. The F-region contribution to riometer absorp-
tion is small and essentially constant in this case and, thus, can
be regarded as part of the quiet day absorption. Abdu, De-
gaonkar, and Ramanathan (1967) and Ramanathan, Bhons!e,

and Degaonkar (1961) have suggested, however, that in certain
circumstances when the critical frequency of the F-region is
high (greater than 4-6 megahertz), the F-region absorption due
to electron-ion collisions might be as significant as the conven-
tional D- and E-region absorption associated mainly with elec-
tron-neutral collisions (see also Taubenheim 1976).

While studying South Pole riometer and auroral photometer
data for signatures of the dayside polar cusp, a localized region
of the magnetosphere where the entry of magnetosheath
plasma to low altitudes is most direct, several unusual events
were encountered. They show significant riometer absorption
and atomic oxygen, 630.0 nanometers, emission but no asso-
ciated ionized molecular nitrogen, 427.8 nanometers, emission.
The atomic oxygen emission is generally associated with pre-
cipitating electrons of several hundred electronvolts energy,
sufficient only to reach the F-region. The ionized molecular
nitrogen emission, on the other hand, is caused by precipitat-
ing electrons with kiloelectronvolt or higher energies that can
reach the D- and E-regions. It appears, therefore, that these
events are unrelated to D- and E-region ionization enhance-
ments. With the help of Halley Polar Anglo-American Coordi-
nated Experiment (PACE) high-frequency radar and Defense
Meteorological Satellite Program (DMSP) particle data, a study
of possible mechanisms for such events leads us to suggest that
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