Physics 681: Solar Physics and
Instrumentation — Lecture 14
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Helioseismology

Compute a solar model
Compute the r~dependent coefficients for the oscillation PDES

Eigenfunctions for &, P,, etc. and eigenfrequencies w (non-zero
solutions)

Corrections: perfect-gas law, abundances, opacity, ...

Bring calculated eigenfrequencies in agreement with the observed
frequencies (1 pHz precision, Cowling approximation is too
inaccurate)

Direct modeling: mode identification (/= 0, ..., 4000 and n = 35)

Inversion: iteration of a solar model to approximate the observed p-
mode frequencies
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Sound Speed in the Solar Interior

0 Dispersion relation (Duvall’s law)
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Fig. 9 (left). The function (n + «)/L plotted

) ) . against the surface phase velocity 2muR/L

0.1 1 10 (which is in units of Mm sec™'). The data

include the high-degree modes considered by

2nrvR/L Duvall (26), which are similar to those of Fig.

2, and the modes of low and intermediate degree discussed by Duvall and Harvey (23) and

illustrated in Fig. 6. The value a = 1.57 was chosen to minimize the scatter of the data about a

single curve. Fig. 10 (right). The square of the sound speed ¢ obtained by inverting Eq. 5,

using a smooth curve through the points in Fig. 9 to determine the function F, is shown as a

continuous line. The actual value of ¢? of solar model 1 (45) is shown as a dashed line. The large

discrepancy at » < 0.3 R results mainly from the inaccuracy of the simple asymptotic theory.
The unit of speed is Mm sec . [After (27)]
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Holography

/surface disturbances

seismic
sources

Figure 1. Seismic waves emanating from submerged sources produce surface disturbances that

propagate symmetrically outward from points directly above, as indicated by arrows.
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superjacent
signature

Figure 4. Subjacent vantage imaging is the result of a holographic regression in which the focal plane
15 shallow compared to the inner radms of the pupil. Tlus configuration 1mages seismic radiation that
1s initially emitted downward from the source and penetrates thousands of km into the solar interior
before bemg refracted back to the surface. Whale the acoustic disturbance 1s necessanly observed at
the surface, these images render the perspective of an acoustic observer looking upward into the base
of the source from thousands of km beneath 1t. In subjacent vantage holography. the disposition of
the computational pupil is substantially an mversion of that in familiar lens optics. As the angle, 8,
of illumination at the focal pomnt increases, the angular distance, p, along the pupil from its center,
above the focal point, decreases.
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Figure 2. A cross-section diagram through the solar interior illustrating the wave propagation inside
the S

distance on the solar surface,

Figurs 1. The observational cross-covariance fimction as a function o
agated

A, and the delay time, t. The lowest set of nidges (‘first bounce’) corresponds to wave:
to the distance. A, without additional reflections from the solar surface. The middle ridge (‘second
bounce') is produced by the waves amriving o the same distance after one reflection from the surface.
and the upper o ird bounce ) om the waves amiving after two bounces from the sur-
face. The bad] gz associated with the second-bounce ridge is due to the chotce & angular
distance range from 0 to 180 deg. The comrelation function was derv

the pow trum of solar escillations in a mammer described in Duvall er al.

ouier transform of
P (1993). The power
spectrum was calculated from 144 days of MDI dats starting in May 1996
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