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Lecture 27

• Details on midterm exam

– Magnetic buoyancy

– Solar cycle polarity reversals

– Refraction in the Sun

• More on convection



Flux tubes: what happens when total interior 

pressure exceeds exterior pressure

A. Tube rises

B. Tube sinks

C. Tube expands

D. Tube shrinks
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…by a small amount
until again in equilibrium



What happens next?

A. Tube rises

B. Tube sinks

C. Tube expands

D. Tube shrinks
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Homework 2, problem 3

Exterior=surroundings=S

Interior=tube=T (was less dense; lighter)



What is different: (i) 2001 and 2012

A. Higher latitude

B. Lower latitude

C. Polarity flipped

D. No difference



What is different: (ii) north & south

A. Higher latitude

B. Lower latitude

C. Polarity flipped

D. No difference



(i) 2001 and 2012, (ii) north and south

• Cycle period ~11 yr

– latitude shound be same

• Polarity flipped

– In time (2001/2012), and

– in space (north/south)



Flips in space & time



Lecture 12: vertical wavenumber

Dispersion relation
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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
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Deeper down: kz imaginary!?
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Refraction analogy

Application to the Sun:

Upward bending

at the top: reflection when wavenlength

~ density scale height

Deeper down:

Sound speed large
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Internal angular velocity

from helioseismology

spoke-like at equ.

dW/dr>0 at bottom

?  dW/dr<0 at top
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Midterm exam outcome
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Lecture 2:

Radio: 

interesting 

break

• Clue about hot 
corona

• Brightness 
temperature
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Conversion 
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and at 1m
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100 times larger

A. Larger  more 
energetic?

B. More potential for 
solar storms?

C. Hotter corona
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Convective velocity

TTgu /~/2 

Mixing length approximation

TucF pconv

Enthalpy flux

3

rmsconv  uF 

Scaling behavior

 Slower with depth
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Convective velocity
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Convective velocity
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Convective velocity
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Agreement with observations



Why does convective velocity 

decrease with depth?

A. Because of cooling only from the top

B. Because density increases downward

C. Because the gas spreads over large scales



What we learned

• Magnetic buoyancy

• Solar cycle polarity reversals

• Refraction in the Sun

• Convection

• Eddington approximation


