AY 20 Fall 2010

Stellar Interiors
Equations of Stellar Structure

Reading: Carroll & Ostlie, Chapter 10 §10.3, §10.4



First three equations of stellar structure

* equation of hydrostatic equilibrium

dp __GM.p
dr r’
* mass conservation equation
dM
* — Axr?
dr P
* energy conservation equation
dt =A7r° ps
dr

and  P=P_ +Pi0n = pKT

radiation ~

+iaT?
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Remaining questions

What is mean molecular weight, pu?

What determines € = total energy released /gm/sec?

» nuclear burning (fusion) can sustain observed luminosity of
Sun for > 100 years

» Temperature required for fusion ~ 107 K (if quantum
tunneling allowed) = central temp of Sun

- and € = €nuclear ¥ Egravity

How is energy transported and how does that affect
temperature structure?
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For A CoOMALE TELY (OMIZED GAS!
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THE TRANSPORT OF ENERGY  *

CoNDUCTION

TRANSPORTS HEAT BY COLLLSLONS
BETWEEN PARTICLES [ELECTRONS]

BUT IN NORMAL STARS, FREQUENT COLLLSIONS
& NOT MUEH TRANSPORT. NOT EFFICIENT

RADIATIVE ENERGY TRANSFPoRT

ENERGY FRom NucLeEAR REACTONS (4 GrAVITION)
CARRIED To SURFACE BY PHOTONS

RECOLL: PHOTONS ABSORBED , SCATTERED -
OR RE-EMITTED = IN RANDOM DIRECTIONS
as THEY MOVE [(WET FLOW] To SURFACE,

OPACITY OF MATERIAL = NUMBER OF MEAN

FREE PATHS TO SURFPACE — (MPORTANT
- OBSTRUCTS/ DLNISKES Ly

CSNVECTION

HOT BUOYANT MASS ELEMENTS MOVE OUT
COOLER ELEMENTS FALL IN




_Radiative Transport
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COMVECTIVE TRANSPORT 9
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