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Section 1: Basic Ideas about Stars

Lecture 1 – Observed properties of stars

                    Relationships between observed properties

                    Outline of the life history of a star
Section 2: Dynamical Structure

Lecture 2 – Hydrostatic equilibrium


           Mass conservation


           Dynamical timescale

                    Is a star solid, liquid or gas?

                    Boundary conditions

                    Limit on central pressure

                    Gravitational potential energy

Lecture 3 – Limit on gravitational energy

                    Limit on mean temperature inside stars

                    Contribution of radiation pressure

                    Virial theorem

                    Properties of polytropes

Section 3: Energy Balance

Lecture 4 – Energy transport processes

                    Why does radiation dominate?

                    Simple derivation of transport equation

                    Energy conservation equation

                    Full sets of structure equations …

                    … including boundary conditions

                    Simple prescription for time evolution 
Lecture 5 – Where do time derivatives matter?

(part 1)        Time-dependent energy equation

                    Adiabatic changes

Section 4: Structure of Stars

Lecture 5 – Approximation for pressure

(part 2)        Power laws for opacity, energy generation

                    Resulting set of structure equations

                    Homologous solutions – formal treatment

                    Derivation of M-L(-R) relation
Lecture 6 – Comparison of M-L-R relation with observation

                    Pure M-L relation

                    How to find Teff
                    A different way of doing homology …

                    … more flexible, but equivalent

                    L-Teff relations

                    How to make realistic stellar models 

                    Homology by simple scaling
Lecture 7 – Stellar stability

                    Convective instability

                    Derivation of instability criterion …

                    … in terms of density or temperature

                    Generalisation to include radiation pressure

                    Conditions where convection is likely

                    Energy carried by convection
Lecture 8 – Mixing length “theory”

                    The three temperature gradients

                    Estimate of energy carried by convection

                    Approximation near centre of stars …

                    … which doesn’t work near the surface

                    Surfaces are hard to treat!

                    Definition of “surface” via optical depth
Lecture 9 - Improvement of surface boundary conditions

(part 1)       Definition of optical depth

                   Simple form of improved surface conditions
Section 5: The Physics of Stellar Interiors

Lecture 9 – Limited thermodynamic equilibrium

(part 2)       Composition and molecular weight ….

                   .… for fully ionised gas

                   Deviations from simple pressure laws:

                   … no changes needed for radiation pressure

                   … need relativistic and quantum effects for 


gas pressure (next lecture)
Lecture 10 – Relativistic and quantum effects for electrons

                      Completely degenerate electron gas

                      Electron density, pressure, thermal energy

                      … as functions of Fermi momentum

                      … relativistic effects

                      Asymptotic forms

                      Pressure-density relations

Lecture 11 – Total pressure: final remarks

                      Stellar energy sources

                      Nuclear binding energy

                      Charged particle reactions

                      Important reactions in stars:

                      … H to He

                      … He to C

Lecture 12 – Neutrino reactions

                      Solar neutrinos

                      Opacity processes: scattering, bb, bf, ff

                      Rosseland mean opacity

                      Physical sources:

                      … scattering (Thomson)

                      … bound-free and free-free absorption

                      Continuous opacity in cool stars

                      Approximate formulae

Section 6: Introduction to Stellar Evolution

Lecture 13 – Overview

                      Pre-main-sequence evolution:

                      … Henyey track (purely radiative)

                      … surface boundary conditions

                      … Hayashi line; forbidden region

                      Outline of evolution from gas cloud to main


sequence (and links to simulations)

Lecture 14 – Main-sequence stellar structure:

                      … mass dependence of energy generation,

     
opacity, convection zones, density profile

                      … mass limits

                      … effects of composition changes

                      Post-main-sequence evolution:

                      … calculations and observational tests

Lecture 15 – Cluster HR diagrams

                      Main-sequence lifetime

                      Isochrones

                      Evolution during H burning

                      Mass dependence: 5 and 1 solar masses

                      Convective overshooting

                      Evolution after central H exhaustion

                      Formation and development of isothermal core

                      Schönberg-Chandrasekhar limit

Lecture 16 – Evolution of core after S-C instability

                      Formation of red giant

                      Evolution up giant branch

                      He ignition (low-mass stars: He flash)

                      Asymptotic giant branch

                      Double-shell source stars

                      Thermal pulsing and mixing

                      Evolution beyond He-burning
Lecture 17 – AGB evolution:

                      … MS mass > 8 solar masses

                      … explosive nucleosynthesis

                      … MS mass < 8 solar masses

                      Formation of compact remnants

                      White dwarf stars

                      Structure equations for black dwarfs

                      Chandrasekhar’s results

Lecture 18 – Mass-radius relation for black dwarfs

                      Chandrasekhar limiting mass

                      Comparison with observation

                      Virial theorem explanation of mass limit

                      Thermal effects (approximate model)

                      Final fate of more massive remnants:

                      … mass loss, neutron stars, black holes

                      … observational evidence for ns, bh
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