
Equations of Stellar Structure
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Opacity Mechanisms
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Opacity

Kramers Law:     𝜅 ∝ 𝜌 𝑇]`/)
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Figure 2 Rosseland-mean opacities from the OP and OPAL for the S92 
mix.
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Upper main sequence:  𝑃 ~ 𝜌𝑇, 𝜅 ~ constant
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Lower main sequence:  𝑃 ~ 𝜌𝑇, 𝜅 ~ ρ𝑇]`/)
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Solar Energy Production

Kelvin-Helmholtz time scale
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Main Sequence nuclear reactions

lProton-proton chain

l
1
1H + 11H  ® 2

2He ® 2
1H + e+ + ne

l
2
1H + 11H  ® 3

2He

l
3
2He + 32He ® 4

2He + 2 (1
1H)

l4 (1
1H)  ® 4

2He +2 e+ + 2ne+ 24 MeV



24.17 MeV
local

escapes

Δm c2 = 
25.71 MeV

2e+ + 2e- à 4γ
extra 1.02 MeV

local

total energy released  =  26.73 MeV
total local heating      =  26.21 MeV

Proton-proton chain

1.02 MeV 0.52 MeV



total energy released  =  26.73 MeV
total local heating      =  26.21 MeV

Proton-proton chain

total mass of hydrogen =  4 𝑚> = 6.68 × 10])` kg
total mass lost =  4.58 × 10])� kg (0.7%)
total local heating = 4.20 × 10]G) J

energy/mass = 6.28 × 10Gt J/kg



𝐸�~ 500 keV







Main Sequence nuclear reactions

lCNO cycle

l
12

6C + 11H  ® 13
7N + g

l
13

7N  ® 13
6C + e+ + ne

l
13

6C + 11H ® 14
7N + g

l
14

7N + 11H ® 15
8O + g

l
15

8O  ® 15
7N + e+ + ne

l
15

7N + 11H ® 12
6C + 42He

l4 (1
1H) ® 4

2He +2 e+ + 2ne+ 24 MeV
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