AY 20 Fall 2010

Stellar Interiors:
Energy Sources

Reading: Carroll & Ostlie, Chapter 10 §10.3, §10.6



Last class: mean molecular weight of gas p = <m>/m,

1 -y X

uo A for completely neutral gas
1 (1+ Z;)X,
_—Z for completely ionized gas

Where X; = mass fraction for atoms of type j; Aj = mj/my
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/p,= X+ 2Y +<1/A>, Z
I/Ui =2X + %y + <(1"‘2)/1405 V4 (zj =# free electrons releasedby atom j)
1/p= 2X + 3Y + 1Z



Last two equations of stellar structure

d_T __ 3 kp L for radiative transport (1)
dr dac T° 4xr?

d_T:_ 1_£ pm, GM, adiabatic convective transport (2)
dr ) k r?

convection condition for bubble: dp/dr|, < dp/dr|

— dT/dr| g < (1 - 1/y) T/P x dP/dr

But (2) may be written dT/dr| qiwatic = (1 - 1/Y) T/P x dP/dr
o dT/dr| > dT/dr| 4o
. since dT/dr < O, condition for convection:
| dT/dr| o > | dT/dr| 4
i.e. actual temperature gradient is superadiabatic, assuming constant p

surroundings

Alternative condition: d InP/d InT < y/(y-1) = 2.5 for monatomic gas
For d InP/d InT < 2.5, convective transport - equation (2) above

For d InP/d InT > 2.5 radiative transport - equation (1) above
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Equations of stellar structure

dP  GM, p
equation of hydrostatic ar 2
ey r r
equilibrium
dM,  dp?
mass conservation equation dr rp
: : dL )
energy conservation equation ar =47rr° pe
radiation transport dT 3 xp L

dr  dac T® 4xr?

adiabatic convection ar _ _(1 lj,umH GM,

dr _; k r?
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The second reaction, where a deuteron and a proton unite to form the helium
isotope He, is very fast compared to the preceding one. Thus the abundance of
deuterons inside stars is very small.

The last step in the pp chain can take three different forms. The ppl chain shown
above is the most probable one. In the Sun, 91% of the energy is produced by the ppl
chain.

It is also possible for *He nuclei to unite into *He nuclei in two additional branches
of the pp chain.

ppll:

(3) ‘He+‘He » 'Be+y
4 "Be+e” — 'Li+v.
(5) 'Li+'H - “He+‘He

pplll:

(3) °’He+‘He — 'Be+y

4 Be+'H - *B+y

5) B - *Be+et +v,
(6) °®Be - *He+“He .

The Carbon Cycle (Fig. 11.6). At temperatures below 20 million degrees, the pp chain
is the main energy production mechanism. At higher temperatures, corresponding to
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Figure 13-1
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