Hydrostatic Equilibrium
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Virial Theorem
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Virial Theorem

Ideal, non-relativistic gas:
3
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Virial Theorem
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— EtOt — Eth + Eg?" — _Eth < 0

star emits radiation = E;,;1 = E; 1

negative specific heat!



Virial Temperature
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pure ionized hydrogen, u = % mey

= T, ~ 4%x10°K for the Sun



Central Solar Pressure
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Gas Composition

H fraction by mass X = £H
Ptot

He fraction by mass y = PHe
Ptot

“other” fraction by mass Z = pp =
tot

obviously X+Y+72=1

deep in the stellar interior, assume fully 1onized,
ideal, non-relativistic gas

want to know (1) mean particle mass, (2) equation of state



Mean Particle Mass

2. nim; P
mean mass = = =
H 2N n
fully ionized: H — p +e 2 particles, mass 1 my
He — a + Ze 3 particles, mass 4 my

A — A, + %Ae 1+ %particles, mass A my
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Mean Particle Mass

Z,n.m.
mean mass U= ="—"—-= %

Zini

fully ionized: H — p +e 2 particles, mass 1 my
He — a + Ze 3 particles, mass 4 my

A — A, + %Ae 1+ %particles, mass A my

unit volume: ny = — 2 particles
H
Y .
Nye = ﬁ 3 particles
Z A .
n, = =L 1 + = particles
Amy 2



Mean Particle Mass

2nyg + 3ny, + %nA
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number density n
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Sun at birth

solar core

Sun’s outer
layers

Examples

X=0.71Y=0.27, Z=0.02

X =034, Y =0.64, Z=0.02

X =075 Y=024 7Z=0.01



pressure

Equation of State

P= nkT + P,y
pkT

= 2% (143X 42y

2my



Equations of Stellar Structure

d_P: _GM(r)p P.M,p
dr 12

a_, y

ar P P
dL

- = 4dtrép (e — €,) Lp

equation of state: P(p,T,X,Y)



Radiation Transfer

dl .
q — = —a, 1, + Jv
X
Absorption only:
T=1
lei — —a, 1, = x = mean free path
x
[~1/x
— I, = 1,9 e v

where T, = / o, dx = optical depth



Electron Scattering

g Thompson scattering cross section
| = 2
W 8m [ e?
S (s
3 \m,c

= 6.7%X1072° cm?

Mean free path in Sun due to electron scattering is
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solar interior 1s opaque to electromagnetic radiation




Radiative Energy Transport

photons random walk though the solar interior

expected distance traveled after N “hops” 1s

Ar ~ N2,

time taken 1s
N1/2 leS
C

At

2

for Ar ~Ry and [, = 1 mm
= N ~ 5x10%3, At ~ 50,000 yr



Radiative Energy Transport

du A
r+l: u+ou u=-l—: u=aT
4 dr
| . . 1 _
fi upward flux of particles is f, = N
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similarly, downward net energy flux is F. = %nﬁ&u
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Equations of Stellar Structure

d_P: _GM(r)p P.M,p
dr r?

aMm p— y

ar P P
dL

- = 4tr4p (e — €,) L,p
dT

ar 3kLp T.L o
dr 16mac r? T3

equation of state: P(p,T,X,Y)



Opacity

Kes = 0.02(1+ X) [m?/kg]



Opacity Mechanisms

electron scattering
bound-bound = line formation
bound-free = 1onization

free-free = bremsstrahlung



Opacity
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