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H
elioseismology investigates the properties of the solar
interior by measurement of the Sun's natural acoustic

oscillations. These solar "seismic" waves are produced by tur-
bulence in the outer part of the Sun's convection zone and are
manifest as vertical motions and intensity variations of the
solar surface. Unlike terrestrial seismic waves, which are initi-
ated by a single event such as an earthquake or explosion,
solar seismic waves are continuously excited and are present
at all points within the Sun and on its surface. Each of the
roughly 10 million natural modes generated has its own char-
acteristic period (near 5 minutes) and spatial pattern. Differ-
ent waves probe different depths and latitudes of the solar
interior. Measurement of the properties of the waves allows
helio seismologists to examine the Sun's inner structure in
much the same way as geoseismologists use terrestrial seis-
mic waves to scan the Earth's interior. Because of the com-
plexity of the solar oscillation power spectrum, accurate mea-
surement of the features in the spectrum requires observa-
tions with good temporal resolution. In this regard, the South
Pole is an ideal site. During the austral summer, the Sun is
continuously above the horizon, and the only interruption to
an observing sequence occurs when the weather deteriorates.

We have used the South Pole as an observing site on
many occasions (1981, 1987, 1988, and 1990-1991). The data
we obtained on these expeditions have allowed us to study
the mean structure, asphericity, and rotation of the solar inte-
rior and the variations of these quantities with the level of
solar activity. The majority of our studies, however—in fact
helioseismic studies in general—have concentrated on the
standing-wave properties of the oscillations. Measurement of
the traveling-wave properties, for example wave travel-times
and distances (see figure 1), has not been explored. In geo-
seismology, travel-time measurement is fundamental to
developing three-dimensional pictures of the underlying
structure of localized regions of the Earth. Standing-wave or
free-oscillation measurement generally provides information
only on the global properties of the Earth.

The lack of solar-acoustic-wave travel-time measure-
ments has been due to the problem of how to isolate the con-
tribution of a particular set of waves from the interference
pattern of a random wave field. Our group has made progress
with this problem (Duvall et al. 1993) and has obtained the
first direct measurement of wave travel-times and distances
for solar acoustic oscillations. The measurement method is
based on cross-correlation techniques that can be imple-
mented in two ways. One way provides information on local-
ized regions of the Sun, and the other way gives information

on its global properties that complements that obtained via a
traditional standing-wave analysis (figure 2).

The new time-distance measurements have already been
used to help solve a puzzle about the nature of acoustic oscil-
lations with frequencies greater than the cut-off frequency for
the solar atmosphere (this is the frequency above which
waves should not be reflected at the solar surface). Observa-
tions of these high-frequency oscillations (Jefferies et al. 1988,
p. 279; Libbrecht 1988; Jefferies et al. 1990; Duvall et al. 1991)
show that the ridge structure observed in the power spectrum
of the oscillations at frequencies beneath the cut-off frequen-
cy (approximately 5 millihertz), extends to frequencies that
are more than double that expected based on current models
of the Sun. Two theoretical explanations for the structure
have been put forward. One implies that the high-frequency

Figure 1. Schematic showing the propagation path of a sound wave
in the solar interior. As the wave travels deeper into the Sun, the
increase in temperature (and, hence, sound speed) with depth caus-
es the wave to be progressively refracted until it turns completely
around (at radius r) and heads back to the surface. At the surface,
the wave encounters a rapid change in density that causes it to be
reflected back into the interior. This process continues until the
wave dissipates all of its energy. The wave travel-time is defined to
be the time taken between consecutive surface reflections (for
example, the time taken to traverse the path 1-2-3). The distance
between consecutive reflections, as measured at the surface, is
indicated by A.
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ridge structure contained information on the mean structure
of the solar envelope (Balmforth and Gough 1990), the other
that it is information on the characteristics of the source of
the oscillations (Kumar et al. 1990; Kumar and Lu 1991). An
analysis of the time-distance data for waves with frequencies

Figure 2. The time-distance diagram generated from approximately
20,000 images of the Sun obtained once per minute at the South
Pole in November 1988. The lowest curve represents one internal
transit of the waves. The curves vertically above the first one corre-
spond to the second, third, and so on, reflections from the surface.
The curves of reduced slope that cross =O near t=460, 560 and so
on, are waves that are returning after traveling once around the Sun.

above the acoustic cut-off lends credence to the model pro-
posed by Kumar.

The greatest potential for the time-distance measure-
ments lies in their use for local seismology of the Sun. This
potential, however, has not yet been tapped.
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T
he National Institute of Polar Research (NIPR), Japan, in
collaboration with other institutions, has been conduct-

ing a series of long-duration balloon flights, called "polar
patrol balloons" (PPB), starting in 1984 to study the iono-
sphere and magnetosphere above Antarctica. The lack of any
political boundaries and the meteorological conditions in
Antarctica provide several unique advantages in regard to
long-duration ballooning. This project aims to establish "sta-
tions" in the stratosphere over the antarctic region for geo-
physical and astrophysical observations. Meteorological stud-

ies show that the wind above approximately 30 kilometers
(km) flows stably westward in the austral summer over the
antarctic coast. A PPB launched from Syowa station is expect-
ed to drift zonally (along an equilatitudinal circle) around the
antarctic continent (Yamanaka, Yamazaki, and Kanzawa
1988). Because of the offset of the Earth's magnetic dipole, a
PPB launched from Syowa will pass under the ionospheric
footpoint of field lines threading most regions of interest in
the magnetosphere from well within the plasmasphere
(A=480) to the central polar cap (A=84°). Telemetry is accom-

ANTARCTIC JOURNAL - REVIEW 1993
329




