
AY 20                  Fall 2010

Stellar Interiors:                   
Energy Sources 

Reading: Carroll & Ostlie, Chapter 10 §10.3, §10.6
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Last class: mean molecular weight of gas μ
 

= <m>/mH

for completely neutral gas

for completely ionized gas

Where Xj

 

= mass fraction for atoms of type j; Aj
 

= mj/mH
Usual usage: X = total mass of H/total mass of gas

Y = total mass of He/total mass of gas
Z = total mass of metals/total mass of gas

Typically abundances are solar: X= 0.70  Y = 0.28. Z= 0.02
1/μn = X + ¼Y + <1/A›n

 

Z
1/μi = 2X + ¾Y + <(1+z)/A›i
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Last two equations of stellar structure
for radiative

 

transport

 

(1)

adiabatic convective transport   (2)

convection condition for bubble: dρ/dr│b

 

< dρ/dr│surroundings



 

dT/dr│actual

 

< (1 –

 

1/) T/P x dP/dr
But (2) may be written  dT/dr│adiabatic

 

= (1 –

 

1/) T/P x dP/dr


 

dT/dr│ad

 

> dT/dr│act



 

since dT/dr

 

< 0, condition for convection: 
│dT/dr│act

 

> │dT/dr│ad

i.e. actual temperature gradient is superadiabatic, assuming constant μ
Alternative condition: d lnP/d

 

lnT

 

< /(-1) = 2.5

 

for monatomic gas
For d lnP/d

 

lnT

 

< 2.5, convective transport –

 

equation (2) above
For

 

d lnP/d

 

lnT

 

> 2.5 radiative

 

transport –

 

equation (1) above
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Equations of stellar structure

•

 

equation of hydrostatic 
equilibrium

•

 

mass conservation equation

•

 

energy conservation equation

•

 

radiation transport       

•

 

adiabatic convection               
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