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Ch. 10: Interiors of Stars

e §10.1 Hydrostatic Equilibrium

e §10.2 Pressure Equation of State

e §10.3 Stellar Energy Sources

e §10.4 Energy Transport & Thermodynamics
e §10.5 Stellar Model Building

e §10.6 The Main Sequence

e (Goals
- Understand physical processes in static stars
-~ Develop stellar structure equations

- Understand how static stars are numerically modeled
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§10.1 Hydrostatic Equilibrium (p. 284)

e Light comes only from surface of stars, so no good direct way of
observing interior. 4/”__ Ny f‘// Wﬁ_}&ﬁf/,;?ff&wj

e Current understanding comes mainly from detailed computer

modeling.
e Derivation of Hydrostatic Equilibrium Eq. s
o Fp, surface
- F =ma for mass dm shown: dmﬂzF + Fp: + Fpy [>O (F,@&J
dtQ g ’ ) Oqa!'tw \L—Jl/\,
- Fg = (inwards) force of gravity (M = mass inside sphere of radius
r)10.2 M.dm
) ) Fg = *G 2 dm dr

T
- Fpt & Fpp are pressure forces (F = PA) on top & bottom of -
cylinder. Net outwards pressure force is Fpy + Ipy = —AdP = —A——dr

2 M.p dP 7
- Using dm = pAdr& dividing by A dr gives (10.5) p% =—-G T;p =g

Fpp

- Finally, for a static star we have the eq. of hydrostatic

equilibrium (10.6): qP GMr,O @
= = —pg

dr r2

- The pressure gradient balances gravity.
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Example 10.1.1 Estimate pressure at center of Sun, using Mr=1 Mo, r 'f
=1 R, & average density p = po = 1410 kg m‘3 Assume Psurface =0 /\ kwm/ i

ObJJQ\/vnéA” /‘40\ KO

Eqg. 10.6 then gives T N
P Ps—P P ~Mope , p ~Moro
dr RS -0 R@ R2® c R@
30
— 6673 x 1011 Nm?kg2 12210 kgl10kgm™ )/ o1y -2

6.955 x 108 m

For better accuracy would need to integrate eq. (10.6),

PC- Rc " -
f dP=By=— / Gﬁf’“"’ dr %\
P, R, T 29174 W

but functional forms of M (r) & p(r) unknown. More accurate \
calculations give,Efc =2.34 x 10" Nm=2=2.3 x 10" atm!
v

e Equation of Mass Conservation

— Amount of mass in spherical shell is
dM, = p(4wridr)

- Equation of mass conservation:

M. _ _
dr ﬂ—?ﬂ P P/O,}
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