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Stellar Structure

• Equations of stellar structure:
• hydrostatic equilibrium
• mass conservation
• energy generation

• energy transport

• convective transport

• Solutions and time evolution



Hydrostatic Equilibrium
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ie pressure gradient =  gravity
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Mass Conservation
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Energy Generation
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Energy Transport

• Intensity of radiation:
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Transfer Equation
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Local thermodynamic equilibrium 
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Radiative Transport Equation

• It can be shown that with reasonable approximations integrating the 
transfer equation over all solid angles and frequencies leads to
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Convective Transport

• It can be shown that the interior of a star will be unstable to convection if

• No good theory for convective transport
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Theoretical Main Sequence

http://stev.oapd.inaf.it/cgi-bin/cmd



Stellar Evolution

• As nuclear fusion proceeds the composition in the core changes

• Adjust  in equations of stellar structure

• Major changes when particular nuclear reactions stop (no more fuel) 
or ignite (increasing T and )

• Can compute evolutionary track for a star with a given mass and 
initial composition



75 Myr

Isochrone fitting

• Isochrone is a locus for stars of different masses 
but same age and composition



Summary

• The internal structure of a main sequence star can be calculated from 
first principles

• The evolution of this structure can be tracked through most stages of 
evolution

• Predictions compare well with observations in most cases

• Convection, magnetic fields, mass-loss, binary star evolution not well 
understood



www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_postmain.html
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