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Lecture 12 
• Solar 5 min oscillations 

• Discrete frequencies 

• Standing waves (Stix pp. 181-189) 

• Helioseimology (Stix pp. 213, 214) 
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Recall lecture 11 
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Expand continuity eqn: 
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Momntum eqn (isothermal): 

Linearized form 
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Trial solution 
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Dispersion relation 

/s Tc  Sound speed 



Two solutions? 

A. Cancels to zero? 

B. Oscillates only in space 

C. Oscillates only in time 

D. Oscillates both in space & time 
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What if we superimpose the two? 
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Standing wave 

2 nodes per 

wavelength 

sensitive to 

boundary 

conditions  

 + higher 

harmonics 

  music 

instruments 
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Sunspot & granulation 

Size of the Earth 12 Mm 

 

Size of Sunspots ~30 Mm 

Life time ½ day – 3 months 

 

Size of granules 1 Mm 

Correlation time 5 min 

 

Plus extra flickering! 
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Movie 

Was thought to be response of upper atmosphere to convection 
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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 



Heard of Fourier series? 

A. Yes 

B. Maybe 

C. Probably not 

D. Certainly not 
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Fourier transform 
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Continuous & complex version of Fourier series 
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Fourier sine series Fourier cosine series 

Inverse transform 



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) 



Why should there be 

standing waves in the Sun? 

• Is there a cavity? 

• What forms it 

• Think about this 

 

 
and what is different? 



Vertical wavenumber 

Dispersion relation 

of Lecture 11 
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Consider cs=cs(r) [oops?] 
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In 3-D 
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“Solve” for kz   

In quantum mechanics: 

WKB approximation 

 Jeffreys-Wrentzel-Kramers-Brilloin 

 Tunnel effect  Gamow!! Example 

1-0.02s 
s300

2





Mm 700

100
 hor 

R
k



s
km

s
Mm

s 140702.0 
hork

c


Deeper down: kz imaginary!? 
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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 

2

hor2

2
2 - k

c
k

s

z




Continuous case 
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Just a function of k/ … 
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Inversion: input/output 

Duval law Sound speed 
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What have we learnt today? 

• Standing waves from 2 traveling ones 

• granulation & oscillation different things 

• Fourier transform: not so magic (perhaps) 

• evanescent waves 

• cavity in the Sun! 

and what is different? 


