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Solar seismology: A new view
from the South Pole
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Only two methods of probing the interior of the sun are
currently available for critically testing the predictions of
theoretical models of the internal solar structure.

The first technique which requires the exceedingly dif-
ficult measurement of neutrinos emanating from thermo-
nuclear reactions in the solar core, has yielded only an
upper limit of the solar neutrino flux that is somewhat
below original expectations.

The other approach is to attempt to detect and identify
normal modes of global solar oscillations (i.e., the "ringing"
of a spherical bell) arising from internal processes. These
pulsations characterize phenomena in the unseen layers
where dynamic processes cause all effects that produce vis-
ible manifestations on the solar surface.

One way to investigate the sun's pulsations is to measure
continuously the apparent solar diameter. However, results
obtained in such experiments are suspect because of various
atmospheric effects.

Another technique utilizes Doppler shift measurements
of the light from the visible disk. Experiments of this type
have led to general agreement concerning the occurrence
of solar pulsations with periods in the range of about 5
minutes. However, for a variety of reasons (especially in-
terference by the Earth's atmosphere and other local con-
siderations at normal midlatitude locations), acceptance of
the validity of reports of longer period-global solar pulsa-
tions—especially a widely discussed one at 2 hours and 40
minutes—has not been universal.

We recently recognized that the South Pole is unique for
pursuing the solar oscillation problem under conditions
that cannot be duplicated anywhere else on Earth. Conse-
quently, an American-French campaign was organized to
conduct this experiment during the austral summer 19794;0.

A well tested sodium optical resonance photoelectric
spectrophotometer developed at Nice (France) for full disk
measurements of the Doppler shifts in the 58% Na D. line
was modified for operation under the rigorous conditions
prevailing at the South Pole. A vertical telescope (8 cen-
timeters, ff18), specifically designed and constructed for
this experiment at Bartol, provided two nonrotating solar

images, one of which was focused on the guiding sensor
array and the other on the spectrophotometer.

To create the most impeccable conditions possible by
eliminating all potential man-made sources of spurious
effects that could be envisaged (such as the local source of
thermal turbulence arising from the Amundsen-Scott
Station complex which would be seen at the same time
every day) a site 8.1 kilometers upwind from the base was
selected. The well insulated 3.5-meter X 2.5-meter Labora-
tory building mounted on a sled was installed in a deep
trench. The wanigan was then enclosed by a plywood
roof and vestibule walls, fore and aft, and was buried in
the snow. The telescope and instrument package were
mounted on the surface 30 meters away. A 300-meter cable
connected the observatory to the diesel-powered electrical
generator positioned downwind with respect to the pre-
vailing wind direction.

The prime data for investigating long-period solar oscil-
lations were recorded during a 5-day (i.rr 03 hours 55
minutes 31 December 1979 to UT 12 hours 28 minutes 5
January 1980) interval during which the sun was never
behind a cloud. In addition, clean data (i.e., completely
cloud-free) were recorded during additional intervals of
from 5 to 10 hours, thus yielding high quality tape record-
ings covering a total of more than 200 hours.

Significant definitive results have already emerged from
analyses that have been completed thus far, using only part
of the available data. As we had hoped, the noise level at all
frequencies was significantly lower than has ever been
attained previously, by about an order of magnitude, and
the resolution was exceedingly higher.

Figure 1 shows the result of an analysis with respect to
the period of 160 minutes originally discovered in Crimea

Minutes
Figure 1. Superposed epoch analysis Identical to that car-
ried out by other groups claiming the d.tsctlon of a 2 hour 40
minute solar oscillation. The data points were recorded at
South Pole Observatory over 5 continuous days with zero
Interruption. (45 successive Intervals of 150 minutes). The
root mean square standard deviation of 14 centimeters per
second around the mean level Is equal to the amplitude of the
best-fitted sine curve.
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and observed in phase coherence during the last few years
both in Crimea and at Stanford (Scherrer, Wilcox,. Kotov,
Severny, and Tsap 1979). Although the results are not in-
consistent, their significance remains to be determined by
a newly developed technique for evaluating the statistical
uncertainty in a result of this type.

Figure 2 shows the power spectrum of the 5-day data
sample. It reveals that the power in the 3 millihertz range
(approximately 5 minutes) is resolved into many equi-
distant peaks, separated by 68 microhertz. Figure 3 is a
representation on an expanded time scale of the average
shape of certain lines.

The spectral peaks in figure 2 represent more than 40
spherical harmonics, the implications of which cannot be
described in this brief report.

It is premature to undertake a comprehensive discussion
of the theoretical implications of these new observations for
models of the solar interior. However, there is no doubt that
they will be profound.

This work was supported by National Science Founda-
tion grant DPP 78-22467.
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Figure 2. Power spectrum of the continuous 5-day full-disk
Doppler shift measurements recorded at the South Pole from
31 December 1919 to 4 January 1980. The resolution of the
power In the 3 mlllihertz (5 minutes) range Into many discrete
equidistant lines separated by 68 microhertz indicates that
global p-modes, corresponding to a number of spherical har-
monic terms, are observed. Note that the small peaks around
2.4 miiilhertz represent global oscillations with an amplitude
smaller than 10 centimeters per second, corresponding to
motion of the solar radius of a few meters, I.e., a billionth of
r!, (solar radius).
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Figure 3. A superposed frequency analysis of the frequency
range between 2.4 and 4.8 millihertz reveals the average
shape of spectral lines displayed in the power spectrum of
figure 2.

Two auroral arc systems
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All-sky photographs from the South Pole Station, to-
gether with those from the Defense Meterological Satellite
Program (DM5P) satellites, have revealed that the auroral
oval consists of the dayside and the nightside arc sys-
tems that are topologically distinct. An important implica-
tion of this result is that there are two dynamos in the
magnetosphere.
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