Section 3.
Stellar structure and properties (ll)




Goals of this lecture

® Standard properties of stars
® Stellar structure and properties
® Stellar evolution

® Origin of the elements in the Universe

® Nucleosynthesis in stars and supernovae




Hertzsprung-Russel diagram
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Mass - radius relation for the main sequence
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Lecture Note by Pols



Mass - luminosity relation of the main sequence stars

=> L~ 104 Lsun

Star with M = 10 Msun

=> Lifetime
~ 1/103 of the Sun
: ~ 1020 yr (100{=4E)/103
) ~ 107 yr (10005 £E)
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o

log (M / Msun)

More massive stars
have shorter lifetime

Lecture Note by Pols



Why do stars show L~M4?




Opacity inside the stars

OPAL opacities
X=0.70,Z2=0.02

Lecture Note by Pols



Bound-free opacity

lonization edge
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ssighment 1

Derive that the dependence of free-free opacity in stellar interior can
be approximated as k ~ pT-3-5

Hint: In equilibrium, the rate for free-free absorption matches with

that of free-free emission (thermal bremsstrahlung), i.e. j, = oy By(T)
* Kirchhoff’s law
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Hertzsprung-Russel diagram
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Blackbody radiation

10 Black-body spectrum
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Dwart Stars (Luminosity Class V)

Stellar spectrum
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Applications to galaxy studies

Spiral galaxy Elliptical galaxy

M101 - T £SO 32546004 R

ASA, ESA



Spectral models for galaxies Bruzual & Charlot 2003
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Summary: Stellar structure and properties (l)

® Opacities in the stars

® Thomson scattering

® free-free and bound-free absorption

® Luminosity of the stars
® L~ E/tesc, Where tesc ~ (R/c) T (<==T1t = KpR)
® L~ M35

® Stellar properties

® More massive stars have
- Higher luminosity L ~ M4 (shorter lifetime t ~ M-3)

- Higher temperature T ~ MO0.5

® Foundation to determine the galaxy spectra



Let’s understand these questions
with the word of physics Knowing & Understanding

Why do some stars explode?
Why don’t normal star explode?

Why do stars show L ~ M4?

Why do stars evolve?




Thermodynamics

Classical
mechanics

Astrophysics

Electromagnetism

Statistical
mechanics




