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Stellar Interiors
The SUN

Reading: Carroll & Ostlie, Chapter §10.6, Chapter 11
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Stellar structure equations, constitutive 
relations, plus boundary conditions: 
Vogt & Russell theorem 
stellar composition &  mass uniquely 
determine radius, luminosity, internal 
structure 

Changes in composition (X, Y, Z) due to 
nuclear burning 

 

changes to μ
pp chain, CNO cycle are slow 

 slow composition changes; most stars 
have similar composition



 

Smooth change of structure with mass
As M increases, Pc

 

,Tc

 

increase* 


 

pp chain in low mass stars, CNO in high
From theoretical models 

 

HR diagram 
H-burning stars lie on main sequence
Main sequence 

 

mass sequence   
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Implications for main sequence stars
5 x 10-4 Lʘ

 

< L*

 

< 1 x 106

 

Lʘ
0.08 Mʘ

 

< M*

 

< 90 Mʘ

2700 K < Teff

 

< 53,000 K
radiation from higher mass stars >> from lower mass stars


 

reserves of fuel used faster; lifetimes of higher mass stars shorter
spectra change with Teff

 

and hence with M*


 

spectral type (O B A F G K M) appropriate abscissa for H-R diagram
convection zones at different levels:

Upper m-s:

 

CNO cycle; high T dependence; rapid change of ɛ

 

with r               
 convection in H-burning core, radiation outside

As M*

 

decreases: Tc

 

decreases; pp chain dominates; core becomes radiative
At surface, Teff

 

decreases, 

 

increases  convection
“Surface convection zone”

 

increases in depth with decreasing mass; at 0.3 Mʘ
stars are fully convective

Eddington

 

Limit: at very high T, radiation pressure dominates P.          
M and  L limited by hydrostatic equilibrium condition

Led

 

/Lʘ

 



 

3.8 x 104 M/Mʘ
For main sequence stars: theoretical M*

 

< 100Mʘ

 

; observed limit ~

 

70Mʘ
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SUN -
 

nearest example of a star

Te

 

and L 

 

G2V star on main sequence
Composition has changed over 4.57 x 109

 

years but not much at surface. 
99% of solar energy from pp chain within ¼Rʘ

Model of  P, T, M, energy production as function of r based on above properties, 
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From observations

Direct measures  solar constant
 

(energy/unit/time/unit area)    
Fʘ

 

=1.36 X 106

 

ergs/sec/cm2

L = 4πd2F = 4π
 

x (1AU)2F = 4π
 

x  2.25 x 1026

 

x 1.36 X 106

Lʘ
 

~ 3.9 x 1033

 

erg/sec
Sun’s diameter at Earth ~ 0.5°

 
= 32’

Rʘ

 

= 1.5 x 1013

 

tanθ
 

= 6.96 x 1010

 

cm
For a blackbody Lʘ

 

= σT4
eff

 

4π
 

R2
ʘ

T4
eff = 4 x 1033/5.67 x 10-5

 

x 4π
 

x 6.962

 

x 1020

= 1018/5.7 x π
 

x 5 x 10 ~ 1016    

Teff

 

= 5800 K
Mass from one body (earth) orbiting another (sun)

Mʘ

 

= 2 x 1033

 

gms, and <ρʘ
 

> = 1.4 gm/cm2
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Sun: Model                  Composition changes 


 
evolution

from Bahcall

 

et al 2001

Original composition modified due to 
Nuclear burning

Surface convection
Settling of metals

As mass fractions change, μi, μn change
T, L, R change
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How is energy transported out from interior?

In deep core, approaching 
convectiive

 

transport

Model of Sun reproduces M. L, R, T, &
surface compositions pretty well
-also fits evolutionary timescales

BUT lithium abundance anomalously low
refine applications of convection, 
rotation, mass-loss
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C2

 

Cl4

 

tetrachlorethylene

threshold energy 0.814 MeV
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1998 Superkamiokande

 

group 
detected 

 

’s consistent with  
MSW theory



16



17

Schematic of Sun’s structure
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