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A continuing question in ground-based studies of ionospheric
and space physics concerns the source of the 15- to 50-millihertz
frequency oscillations in the earth's magnetic field commonly
observed during dayside local times, especially at high latitudes.
These waves, known as Pc3-4 pulsations, are often assumed to
have their ultimate source at or upstream of the earth's bow
shock, where the solar wind first meets the boundary of the
earth's magnetic field cavity, or magnetosphere. Despite two
decades of study, it is not clear how these waves, which are
strongest at high latitudes, reach the ground.

Recent studies have shown that Pc3-4 magnetic pulsations
observed at the Amundsen-Scott South Pole Station, Antarctica
(about 74 invariant latitude) within several hours of local mag-
netic noon are often accompanied by roughly simultaneous pul-
sations in 427.8 nanometer wavelength auroral light, as detected
by a zenith-viewing photometer (Engebretson et al. 1990, 1991).

These observations suggested that a modulation of electron
precipitation at Pc3-4 frequencies, the cause of the pulsations in
auroral light, might be involved in the production of at least some
of the magnetic pulsation activity seen on the ground.

As a follow-up to these observations, we have undertaken
additional studies of pulsation data from magnetometers and
photometers at the South Pole and have also compared these
with data from an all-sky auroral imaging camera at the South
Pole in an attempt to determine what part of the auroral region
might be responsible for these optical pulsations. Magnetic field
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Figure 1. Time series plot of data from the Amundsen-Scott South
Pole Station, Antarctica, 1300 to 1400 UT 28 May1990. From top to
bottom, the panels display search coil magnetometer data (XBB and
YBB, in nanoTesla/second) and zenith-viewing photometer data
(427.8 nanometers, in kiloRayleighs).
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Figure 2. Hourly occurrences of Pc3-4 pulsations In magnetic and
optical signals at the Amundsen-Scott South Pole Station dur-
ing a 70-day period May-Julyl 990, as a function of universal time
(UT) and magnetic local time (MLT). There were no cases in which
optical Pc3-4 pulsations were observed without magnetic
nidsations-
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Figure 3. Percentage occurrence rates of simultaneous Pc3-4
magnetic and optical pulsations at the Amundsen-Scott South Pole
Station as a function of local time for several ranges of the Kp
magnetic activity index.

data are recorded continually at the South Pole throughout the
year, and auroral emissions at 427.8 nanometer and 630.0
nanometer wavelengths are routinely recorded at the South Pole
during austral winter (May to September) by both all-sky imag-
ers, recording one image per minute, and zenith-viewing pho-
tometers with 55 full angle field of view, recorded each second.
We analyzed magnetometer and photometer data for 70 days
during the 1990 austral winter (May-July) and used these to
compile a data base of pulsation occurrence as a function of time
and level of global auroral activity (using the planetary Kp
magnetic disturbance index). Pulsation activity (in magnetom-
eter or photometer signal) was listed for a given hour if any
narrowband Pc3-4 activity was evident during that hour.

Figure 1 shows typical pulsation activity in magnetic field and
auroral light for a 1-hour period from 1300 to 1400 universal time

(UT) 28 May1990. Packets of simultaneous Pc3-4 pulsations in
all three traces are clearest from 1300 to 1308, near 1314, between
1322 and 1330, and from 1346 to 1348 UT. Other variations in the
signals shown mainly result from local, more irregular auroral
sources. On this day the all-sky images showed some auroral
activity poleward of the Amundsen-Scott South Pole Station after
1300 UT and becoming fainter after 1400 UT.

Data from the all-sky images showed that, when optical pul-
sations were observed, there was usually a low level of 630.0-
nanometer emissions and no appreciable 427.8 nanometer emis-
sions. The proportion of these emissions indicates that the elec-
trons impinging on the upper atmosphere to produce these
auroral emissions have the relatively low energies characteristic
of the regions near or outside the magnetospheric boundary. In
addition, the brightest auroral emission was poleward of the
observing station during times when both magnetic and optical
emissions were observed. This location suggests that at these
times the Amundsen-Scott South Pole Station was situated on
magnetic field lines connected to the "boundary layer," just
earthward of the magnetospheric boundary.

A statistical study of the magnetic and optical data supports
the same conclusion. Figure 2 shows the occurrence of Pc3-4
pulsations as a function of universal time (from 1000 to 2000)
and magnetic local time (MLT; bins are centered on times from
0700 to 1600 MLT). Both magnetic and optical pulsations in this
data set are clearly more frequent before local magnetic noon
(1530 UT) than after. The distribution of optical pulsations is
consistent with the earlier results of Wu and Rosenberg (1992),
who used a computer-based identification of optical pulsation
activity in 10-minute intervals. It is significant that the occur-
rences of optical pulsations in every case formed a subset of the
occurrences of magnetic pulsations; i.e., inno case during these 70
days did we observe a narrowband optical pulsation without
simultaneously observing a narrowband magnetic pulsation (to
within a few minutes).

Figure 3 shows occurrence rates of simultaneous Pc34 magnetic
and optical pulsations as  function of the Kp magnetic disturbance
index. The figure shows that optical pulsations are much less freq-
uent for higher Kp values and are more common at pre-noon local
times for all levels of Kp. It is well known from many earlier studies
that the ionospheric foot of the magnetospheric boundary is ap-
proximately above or slightly poleward of the South Pole Station
for low values of Kp and moves equatorward when Kp values
increase. The sharp drop in occurrence of Pc3-4 optical pulsations
as Kp increases suggests that a source region rather localized in
latitude, probably the magnetospheric boundary layer, has moved
away from the station.

Thus by two different means we infer that the electrons that
cause the modulated auroral emissions come from the boundary
layer, perhaps from plasma that has recently come from a quasi-
parallel bow shock. Nonsteady penetration or diffusion of this
shocked solar wind plasma onto closed field lines would place
some electrons directly into "loss cone" orbits; these electrons
would begin to travel along the magnetic field toward the iono-
sphere as soon as the plasma entered the boundary layer.

We conclude two things: First, because the auroral and mag-
netic pulsations are strongly linked to "upstream waves" imping-
ing on the earth's magnetosphere from the solar wind, monitor-
ing of auroral pulsations near the zenith provides an effective
way of locating the position of the boundary layer from ground
observatories. Secondly, our data are consistent with the hypoth-
esis that Pc34 pulsations reach very high latitudes via modulated
electron precipitation, which produces increases in the auroral
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conductivity and currents (Engebretson et al. 1991). This work
was supported by National Science Foundation grants DPP 89-
13870, DPP 88-18229, and DPP 88-16825.
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In 1990 a balloon launched into a circumpolar trajectory from
McMurdo Station, Antarctica, carried an X-ray pinhole camera
and a high-energy-resolution germanium spectrometer. A circum-
polar balloon is an ideal platform from which to study solar X-ray
phenomenon (Smith et al. 1991). A circumpolar trajectory in Ant-
arctica also covers a broad range of magnetic domains, from
subauroral to polar cap regions, and thus offers scientists a unique
opportunity to study energetic electron precipitation phenom-
enon on magnetic lines of force that contain different plasma
populations. The balloon floated at an altitude of about 3.6 grams
per square centimeter atmospheric depth for about 9 days.

The X-ray camera detects atmospheric bremsstrahlung X-rays
in the energy range of about 20-120 kilo-electron volts, obtaining
images over a field of view that corresponds to a circle of about
100 kilometers in diameter with a spatial resolution of about 15-
20 kilometers, for a source located at an altitude of 100 kilometers.
On-board data processing provides either imaging (216 pixels) or
energy-spectral (255 channels) data. The germanium spectrom-
eter detects X-rays from 20 to 2.5 million electron volts with a

Figure 1. The top panels show the summary data of X-rays detected on 23, 24, and 25 December 1990. The bottom panel shows the trajectory
of the balloon superimposed on the antarctic continent and the predicted position of the auroral oval.
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