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Summary of previous lecture 

• Newton’s law 

• Equation of state 

• Lorentz force 



2 

Lecture 11 

• Lorentz force (cont’d) 

• Sound waves 

• Flux tubes (divB=0) 

 



How we got the scale height 
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Isothermal case 



Exponential stratification (isothermal) 

z component 
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Separation of variables 
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Lower & upper boundaries  

Exponential stratification 



Lorentz force: charge neutral 
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per unit volume, for hydrogen (H) and electrons (e) 



In which direction… 

A. Along B 

B. Perpendicular to B 

C. Perpendicular to J 

D. Neither of these 

E. Perp to both J and B 
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point?  does BJ



In which direction… 

A. Along B 

B. Perpendicular to B 

C. Perpendicular to J 

D. Neither of these 
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Total time derivative 
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Consider momentum equation 

is correct if du/dt is evaluated on comoving fluid particle 

 Lagrangian derivative or material derivative 

In a fixed frame, we have u(t,x) 

uu
uuuuuu



























tx
u

txdt

dx

tdt

d

j

j

j

j

BB “directional derivative”  - similar to tension force 

chain rule 



…also called advective derivative 

A. Yes 

B. Maybe 

C. Probably not 

D. Certainly not 
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Seen before? 



What about continuity equation? 

A. Yes 

B. Maybe 

C. Probably not 

D. Certainly not 
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Seen before? 
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change of mass 

   in volume V 

What gets in & out 

    of surface dV 



Recall Lecture 9 
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Vanishing determinant 
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Eigenvalue problem with eigenvalue w    
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Speed of light 



Combined with momentum equation 
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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 



Static flux tube 
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Axisymmetry 

Boundary conditions on the axis (r=0)? 
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Flux conservation 

(tube geometry) 
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(problem 3a) 

Divide by each  other 

11

2
r

r

B

B

z

z 




A

A
 (A=area) 


