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Helioseismology
• Solar 5 min oscillations

• Discrete frequencies

• Standing waves (Stix pp. 181-189)

• Helioseimology (Stix pp. 213, 214)
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IAU meeting of 1960

Discovered supergranulation (slow)

and ?random vertical motion (fast)

International Astronomical Union
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Discovery of the 5 min oscillation

Was thought to be response of upper atmosphere to convection



Fourier transform: space & time
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Familiar from

Fourier ansatz

(=trial solution)
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Computer routines: FFT (fast Fourier transform),

forward & backward
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5 min osc are global

Roger Ulrich

(1970)

Franz-Ludwig Deubner

(1974)



Vertical wavenumber

Dispersion relation

of Lecture 11
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Consider cs=cs(r) [oops?]
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“Solve” for kz

In quantum mechanics:

WKB approximation

 Jeffreys-Wrentzel-Kramers-Brilloin

 Tunnel effect  Gamow!!Example
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Which modes (k) 

needed to probe 

the core?

A. kR>100

B. kR<100

C. kR<10

D. kR<1 (i.e. impossible)



Number of nodes
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Continuous case
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Just a function of k/ …



9

Inversion: input/output

Duvall law Sound speed
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GONG
global 

oscillation 

network 

group

Since late 1980ties
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Open problems
Abundance of heavier elements (Z)

X Y Z

GS98 .735 .249 .0231

AGS05 .739 .249 .0165

Opacity sensitive to Z

Theory of convection

Convective overshoot
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Internal angular velocity
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Internal angular velocity

from helioseismology

spoke-like at equ.

d/dr>0 at bottom

?  d/dr<0 at top
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Cycle 

dependence

of (r,)



Travel time differences

• Contrib. from whole path

• Esp. top layers (cs small)

•  averaging over rays through same point
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Deep-focusing geometry

• Removes strong 

contributions 

from top layers

• Could they be 

right?



Turbulence imaging

Sunspot imaging

…but uncertain!



Summary

• Standing waves from 2 traveling ones

• granulation & oscillation different things

• Neutrino problem

• Solar abundance problem

• Internal angular velocity

• Interior convective flow measurements


