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Figure 1. Asymmetry of the spectral line profile of solar oscillation
modes (1988 South Pole data). This Is the average power spectrum
as a function of the frequency offset of modes of radial order 2,
degrees 157-221, and all azimuthal orders. Line-center frequency
offsets were removed before averaging. The asymmetry is Indicat-
ed by the mismatch of the low- and high-frequency backgrounds.
Fits to spectra of this sort indicate that the acoustic noise that
generates the solar oscillations is located about 60 kilometers
beneath the sun's surface.
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Helioseismology is the study of the properties of the solar

interior through measurement of the sun's natural acoustic oscil-
lations. These oscillations are observed at the solar surface as
upward and downward motions and also as intensity variations.
The periods of the -10 various oscillations peak at 5 minutes but
range from about 15 minutes to less than 3 minutes, and the
spatial scales range from the entire solar circumference to about
1 megameter. Different oscillations probe different depths and
latitudes of the interior. The oscillation spectrum is crowded, and
accurate measurement requires good resolution in both temporal
and spatial frequency. The South Pole is a uniquely advantageous
site for obtaining helioseismology measurements because long-
duration observations interrupted only by poor weather are
possible during the austral summer. This advantage has been
used frequently since 1979.

In our previous work, we used observations made during the
austral summers of 1981, 1987, 1988, and 1990-1991 to probe the
intermediate and deep solar interior. We studied the mean struc-
ture, asphericity, and rotation of the interior and variations of
these quantities with the solar activity level. The same observa-
tions, surprisingly, provide information about conditions near the
solar surface. A traditional helioseismic analysis of near-surface
layers involves accurate measurements of the properties of small-
spatial-scale waves. However, we found that high- and low-fre-
quency waves of large and intermediate spatial scale also prove to
be powerful diagnostics of conditions near the sun's surface.

At low frequencies, our observations of the solar oscillation
spectrum show that spectral features associated with trapped
modes are asymmetric in frequency (see figure 1). In collabora-
tion withY. Osaki (Tokyo University), we modeled this asymme-
try after a Fabray-Perot etalon, familiar from optics. The obser-
vations can be reproduced if the acoustic source of the waves is
quite shallow—about 50 kilometers below the visible surface.
The asymmetry results from the interference of waves that travel
directly from the source to the surface with those that travel
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Figure 2. Evidence for 3-minute-period oscillations appears in this
average power spectrum of solar oscillations for degrees 100-105
(1988 South Pole data). Abscissa units are 2 mlcrohertz, and ordinat-
es are arbitrary units. The 3-minute feature is the broad rightmost
upward bump in the lower envelope of the oscillations (centered at
2500 on the abscissa scale). The smooth line is a model of the
background due to nonperiodic solar fluctuations and instrumental
noise.

downward, are trapped in an acoustic cavity, and are seen at the
surface only as leakages from the cavity. Other investigations,
some using our observations, have suggested that the source of
the solar oscillations lies a few hundred kilometers deeper than
our analysis indicates. An extensive discussion of this result is
given by Duvall et al. (1992).

The early observations made after solar oscillations were
discovered in 1962 were of small areas on the solar surface. Such
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observations made higher and higher in the solar atmosphere
showed a change in the dominant period from 5 minutes toward
3 minutes. One explanation of this is that a resonant cavity (with
a characteristic period of 3 minutes) exists in the atmosphere
above the solar surface (Leibacher and Stein 1971). This cavity
was calculated to be quite different from the one that traps waves
beneath the surface. Other explanations have also been offered
(e.g., Fleck and Schmitz 1991; Worral 1991). It has been surpris-
ing that the more recent helioseismic observations of large areas
of the solar surface have showed no evidence for existence of the
3-minute-period oscillations (e.g., Woodard and Libbrecht 1991;
Fernandes et al. 1992). This puzzle is now solved by our observa-
tions, which clearly show a broad 3-minute-period spectral fea-
ture (Harvey et al 1992). The surprise, and one reason that it was
elusive in recent observations, is that it affects the spectral back-
ground more strongly than the average or peak spectral power
levels (see figure 2).

Additional studies of near-surface conditions using our obser-
vations include first measurements of phase shifts associated
with the absorption of wave energy by sunspots (Braun et al.
1992a) and surprising indications of subsurface magnetic struc-
tures (Braun et al. 1992b). The latter result offers the possibility (if
the first results are confirmed) of predicting where and when
activity may erupt onto the solar surface.

This work was supported in part by National Science Founda-
tion grant DPP 89-17626, the Solar Physics Branch of the Space

Physics Division of the National Aeronautics and Space Admin-
istration, and the National Solar Observatory.
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Automatic geophysical observatories
prepared for the polar cap network

JOHN H. DOOLITTLE

Lockheed Palo Alto Research Laboratory
Palo Alto, California 93404

Deployment of a network of six unmanned automatic geo-
physical observatories (AGOs) is planned on the antarctic polar
plateau. Coordinated investigations of the high-latitude iono-
sphere and magnetosphere will be carried out by several identical
experiments operated synchronously at each site. A consortium
of institutions has responsibility for the experiments, including a
fluxgate magnetometer (AT&T Bell Laboratories), a search-coil
magnetometer (Tohoku University), a very-low-frequency re-
ceiver (Stanford University), a low-frequency/high-frequency
receiver (Dartmouth College), an imaging riometer (University
of Maryland), and an auroral all-sky camera (Lockheed Palo Alto
Research Laboratory). To support flight operations, weather
measurements, including air temperature, wind speed and direc-
tion, and barometric pressure, will be made available in near real
time through the ARGOS satellite data-retrieval system.
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Figure 1. Planned locations of the six AGOs shown in invariant
geomagnetic coordinates. The geographic coordinates are (P1) 83.9
S 130.1 E; (P2) 85.7 S 46.5 W; (P3) 82.8 S 47.5 E; (P4) 82.0 S 97.2 E;
(P5) 75.7 S 89.2 E; and (P6) 74.1 S 128.8 E. At a later date, one AGO
may be moved to (P2') 69.5 S 98.8 E.
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