
1 

Lecture 14 
• Exitation of sound waves (Stix p. 230) 

• p and g modes (Stix pp. 198-201) 

• Convection, granulation (Stix pp. 237) 

• simulations 

 



Last time 

• FFT: line width, side lobes, … 

• Doppler shift: from dispersion relation 

• Departures at bottom of convection zone 
– Abundances of heavier elements (Z) 

– Potential problems with mixing length theory 



What causes sound waves? 

A. Perturbations from the core 

B. Perturbations from the surface 

C. Perturbations within convection zone 

D. Pertubations at interface to radiative 
interior 

E. An instability 

 



1st law of thermodynamics 
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Internal energy & specific heat 
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Pressure, density, entropy 

Logarithmic 

derivatives: 
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Using entropy 

Use vertical derivative: stratification 
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Entropy & convection 
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Buoyancy? 

A. Moves upward if r* > r0* 

B. Moves upward if r* < r0* 

C. Moves upward if dr>0 

D. Moves upward if dr>0 

 



Using entropy: pressure equilibrium 

rln ln dcPdcds pv as: 
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Original mixing length model 
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Upward displacement: expansion 

                                      why? 

A. Density decreases upward 

B. Pressure decreases upward 

C. Temperature decreases upward 

D. All of the above 

E. Neither of the above: it is related to 
entropy 

 



It is related to density decrease 
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 upward compression if density 

 increases in the upward direction 



Does it become heavier or 

lighter than surroundings? 
i.e., positive or negative buoyancy? 



Upward displacement: expansion 

                                      why? 

A. Density decreases upward 

B. Pressure decreases upward 

C. Temperature decreases upward 

D. All of the above 

E. Neither of the above: it is related to 
entropy 

 



Buoyancy oscillations 
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Entropy equarion: 
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Momentum eqn: 

Ignore pressure for now, 

so as to understand 

buoyancy effect 
p

p

cs

cs

/

/

ln

/

/

1

01











r

rr

rr

0
ˆ

ˆ

i/

/i

1

1

00






















s

u

dzds

cg zp

r





Doppler shift: linearize about u0=const 

uu 



 rr

r

t
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 
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g-modes  

• Would probe the center 

• Are evanescent in the convection zone 



What we learned 

• A bit of thermodynamics 

• Working with entropy 

• How to do simulations 



Homework 3 



Check details 



Verify with ADS 



arXiv version easier? 



Try to understand 

at least one 

details from one 

caption 

…one detail that 

relates to the title 

of the paper 


