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Observations at high latitude often show that pulsations of
the Earth's magnetic field at Pc 3-4 frequencies (20 to 50 milli-
hertz) are accompanied by similar variations in the intensity of
very-low-frequency (500 to 2,000 hertz) radio emissions. These
so-called quasi-periodic, very-low-frequency emissions are, thus,
a lower frequency analog of the amplitude-modulated radio
signals of the commercial AM radio band.

A recent study by Engebretson et al. (1991) at South Pole
Station showed that simultaneous activity at Pc 3-4 frequencies
in magnetic field, auroral brightness, and very-low-frequency
emissions appeared when South Pole Station was near the foot-
print of magnetic field lines connecting to the outer boundary
of the Earth's magnetosphere (that is, near the cusp/cleft foot-
point). These observations have given new support to theories
that all of these variations are related to upstream waves lo-
cated in the solar wind just upstream from the region of its
interaction with the Earth's magnetosphere.

As a follow-up study, we have looked at the relationship
between quasi-periodic emissions and magnetic pulsations and
their spatial extent by using data obtained during September
1986 from three sites in Antarctica: Halley Bay and Siple sta-
tions lie close to the nominal position of the plasmapause (deep
in the magnetosphere), and South Pole Station is near the day-
side cusp, but at nearly the same longitude, relative to the
Earth's magnetic field, as Halley Bay.

It has been proposed that quasi-periodic emissions originate
in the magnetosphere as the result of the modulation of an
existing very-low-frequency hiss or chorus source by compres-
sional magnetic pulsations, and a straight-ahead path at equa-
torial latitudes has long been assumed for the entry of Pc 3-4
wave power from the region sunward of Earth. As a result,
most previous studies have assumed that the modulated very-
low-frequency emissions arise near the equator on field lines
in the magnetosphere which map directly down to each ob-
serving site (e.g., Sato and Fukunishi 1981). The very-low-
frequency signal itself is considered to arise from electrons
spiraling around the magnetic field, also near the equator.

A statistical study of quasi-periodic and magnetic activity at
Pc 3-4 frequencies showed that both peaked shortly before local
noon at each of the three stations. Although magnetic activity
was clear and strong at all three stations, quasi-periodic activity
was more common and stronger at South Pole Station (102
events) than at either of the lower latitude sites. A comparison
of quasi-periodic activity at South Pole and Halley Bay stations,
which are situated at nearly the same local time, showed that
when activity was observed at Halley Bay, there was essentially
always similar activity at South Pole, but the converse was not
necessarily true. Magnetic pulsations were found in more cases
than were quasi-periodic emissions; in fact, there were no cases
in our data set in which quasi-periodic emissions were present
without accompanying magnetic pulsations.

Figure 1 shows an example of simultaneously recorded ultra-
low-frequency and very-low-frequency signals from South Pole
and Siple stations. The modulations of very-low-frequency
power are highly correlated in both frequency and detailed
waveform at the two stations, suggesting a common localized
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Figure 1. Waveform plots of the east-west component magnetic field signals XBB from search coil magnetometers (upper panel) and
bandpass filtered very-low-frequency (VLF) receivers in the 1-2 kilohertz frequency range (lower panel) at South Pole and Siple stations,
Antarctica, from 1445 to 1500 universal time (UT) 14 September 1986 (86257). In each panel the solid trace, with legend at the left, is from
Siple, and the dotted trace, with legend at the right, is from South Pole. (XBB denotes the east-west or "X"-component of the search coil
magnetometer signal.)

source, while ultra-low-frequency pulsations are less well cor-
related, showing both somewhat different frequencies and little
waveform coherence on short time scales. Although such a clear
correlation between very-low-frequency signals is not always
observed, it is not uncommon in our joint data set.

Upstream waves are known to occur when the interplanetary
magnetic field is oriented to within 45 degrees of the Earth-Sun
line, and their frequency is proportional to the interplanetary
magnetic field magnitude. During 14 September 1986 data from
Interplanetary Monitoring Platform 8 (IMP-8) satellite indicated
that the interplanetary magnetic field cone angle was within 10
degrees of being radial during the time interval shown in figure
1, and the interplanetary magnetic field magnitude of 5.5 nano-
teslas suggests that upstream waves would have a frequency
of 33 millihertz, roughly equal to the frequency of the waves
observed on the ground.

The good correlation between quasi-periodic emissions at
different locations can be shown using frequency spectra as
well. In figure 2, we show frequency spectra of magnetic and
quasi-periodic signals from the three stations for the interval
1340 to 1410 universal time 21 September 1986 (day 86264). The
very-low-frequency modulation (quasi-periodic) spectra show

similar double peaks at each of the three stations. Although
the magnetic field (ultra-low-frequency) spectra peak in
roughly the same frequency range, they exhibit little similarity
from station to station and differ from the quasi-periodic spec-
tra at all three stations. In this and most other examples, the
ultra-low-frequency spectrum at South Pole Station most
closely resembles the quasi-periodic spectrum.

We have found that although both ultra-low-frequency sig-
nals and very-low-frequency modulations appear to be con-
trolled by an upstream wave source. The waveforms and fre-
quency structures of quasi-periodic variations are often
remarkably similar at widely scattered stations, while the ultra-
low-frequency signals are not. There is at present no known
way of producing the modulations of the very-low-frequency
signals on the Halley Bay or Siple field lines at frequencies
different from those of the locally observed magnetic pulsa-
tions, so we are left with the idea that they must have arisen
elsewhere. Our data, thus, suggest that this class of quasi-
periodic signals, presumably produced in space, reach low al-
titudes only near the cusp and then propagate below the ion-
osphere to lower latitude stations. In contrast, the frequencies
of magnetic pulsations in the Pc 3-4 range probably have their
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frequencies determined in part by resonance conditions on
nearby magnetic field lines.

According to the usual model of generation of quasi-periodic
emissions, these data suggest that compressional ultra-low-fre-
quency pulsations, responsible for the modulation of very-low-
frequency signals, do not penetrate far inward from the dayside
magnetopause. This, in turn, raises questions about how Pc 3—
4 magnetic pulsations can reach to lower latitudes, because it
has been assumed that compressional ultra-low-frequency pul-
sations were the means of transport. An alternative possibility
is that the generation of quasi-periodic emissions via an ultra-
low-frequency modulation effect might be greatest where the
total magnetic field is the weakest and, thus, might be limited
to regions in the outer magnetosphere.

This work was supported in part by National Science Foun-
dation grants DPP 89-13870 and DPP 86-13783.
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Figure 2. Frequency spectra of magnetic field data (ultra-low-
frequency-Y (ULF)) and bandpass filtered very-low-frequency
(VLF) data near 1 kilohertz (kHz) from South Pole, Siple, and Halley
Bay stations, Antarctica, for the interval 1340 to 1410 universal time
(UT) 21 September 1986 (86264). The vertical scales (power) are in
arbitrary units.
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