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SOHO image of the 
Sun in far-UV light
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Structure and Evolution of Stars
Lecture 1: Overview

• Schedules
• Textbooks
• Pictorial run through of course
• Stellar metallicities and stellar populations
• Stars and galaxies
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STRUCTURE AND EVOLUTION OF STARS  
Michaelmas Term 2017: 24 Lectures

Schedules

1) Basic Concepts and Observational Properties
• Course overview
• Mass, Temperature, Luminosity Gravity, composition, Age
• Photometry and stellar colours; Spectra and spectral lines
• Distance: parallax, apparent and absolute magnitudes
• Masses from binary stars
• Temperature: black-body radiation, Wien’s Law
• The Hertzsprung-Russell Diagram and spectral classification

2) Stellar Structure
• Timescales; dynamical, thermal nuclear
• Energy generation, thermonuclear reactions
• Energy transport; opacity, radiative and convective transport
• Equations of stellar structure
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STRUCTURE AND EVOLUTION OF STARS  
Michaelmas Term 2017: 24 Lectures

Schedules

2) Stellar Structure (cont.)
• Hydrostatic equilibrium, Virial Theorem, Pressure
• Stellar properties as a function of mass, homology
• Degeneracy: Chandrasekar limit

3) Stellar Evolution and the Hertzsprung-Russell diagram
• Pre-main sequence evolution, Hayashi and Henyey tracks
• Post-main sequence evolution: massive stars, supernovae, neutron stars, black 

holes
• Post-main sequence evolution: low-mass stars, planetary nebulae, white dwarfs, 

Type Ia supernovae
• Initial mass function
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Schedules (continued)

4) Observational Tests and Constraints
• The mass-luminosity relationship
• Stellar abundances
• The most massive stars and stellar winds
• Supernovae
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Recommended Text Books

• Prialnik, D., An Introduction to the Theory of Stellar 
Structure and Evolution, Cambridge University Press, 
2000, 2nd Edition 2010
– Best overall match to course

• Phillips, A.C., The Physics of Stars, Wiley, 2nd Edition, 
1999
– Quite excellent on the physics of the course

• Green, S. & Jones, M., An Introduction to the Sun and 
Stars, Cambridge University Press, 2004
– Gentle modern introduction to the observational aspects of the 

course. Very good figures
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Recommended Text Books

• Ostlie, D.A. & Carroll, B.W., An Introduction to Modern 
Stellar Astrophysics, Addison-Wesley, 1996, 2nd Edition 
2013
– North American and fairly voluminous but some very good parts

• Tayler, R.J., The Stars: Their Structure and Evolution, 
Cambridge University Press, 1994
– Low-level overview but quite sound

• Lecture notes on line at: 
http://www.ast.cam.ac.uk/~phewett/SandES2017/

http://www.ast.cam.ac.uk/%7Ephewett/SandES2017/
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Sun

Mass = 2 × 1030kg
Radius = 7 × 108m
Lum = 3.9 × 1026W
Temp = 5800K

SOHO image at 304A
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HST image of 
star field 
towards centre 
of the Galaxy

Luminosity?
Mass?
Radius?
Temperature?

Distance is
essential
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Blackbody 
curves for 
different T
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Wide-field 
view of the 
Milky Way
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Star clusters with 
size << distance 
allow some 
progress. Also 
evidence that 
∆tform << age, so 
stars coeval
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HIPPARCOS satellite data 
showing Hertzsprung-Russell 
diagram for stars within 150pc 
of the Sun
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Stars in a wider context: 
origin of the elements and 

stellar populations
• Astronomers periodic table
• Post Big Bang – H, He (and tiny fraction of Li)
• Essentially all elements formed in stars
• Everything other than H and He is a “metal”
• Fraction of metals determines the “metallicity” of a system 

and everything is referenced to the number of H atoms
• Most stars are observed to belong to one of two populations 

– Population I and Population II
• Two types of massive galaxies – ellipticals and spirals
• Stars can effect galaxies – M82 starburst driven outflows
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Stellar Populations: Metallicity
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relative to the metallicity of 
the Sun:

• By definition, for the Sun:

• Stars with twice solar and 
1/10th solar metallicities have:

• “Young” metal rich 
Population I stars have:

• “Old” metal poor Population 
II stars have:
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Stellar Populations: Metallicity Definitions

• Conventionally (as in the 
Table in Examples 2 Q8), 
abundances are given as the 
number of atoms of element X 
per Hydrogen atom with the 
addition of a constant “12”

• By definition, the number 
abundance of hydrogen is thus 
=12. For helium, with one 
helium atom per 10 hydrogen 
atoms the abundance is =11

log10[X/H]+12

log10[He/H]+12≈11
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Optical image 
of NGC1132
~400 kpc on a 
side
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M74, probably 
similar to our own 
Galaxy – spiral 
arms with young 
Population I stars, 
nuclear bulge with 
old but metal rich 
Population II 
stars. Halo of old 
metal-poor 
Population II
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Stellar Populations: Metallicity
• The Sun is a typical Population I star, formed from gas that has 
experienced a number of generations/cycles of enrichment by 
massive stars and Type I supernovae. Population I stars comprise the 
stellar content of the disk of our Galaxy, with ages <9Gyr (white 
dwarf age for Galactic Disk – Lecture 19)

• The Halo of our Galaxy is made up predominantly of Population II 
stars that also have some evidence for enrichment from massive 
stars, although many of the stars possess only 1/100th of the heavy 
metals present in Population I stars like the Sun. Age of the 
Population II stars is ~11-13 Gyr, almost as old as the universe

• Observations of high-redshift objects (very early times), even 
quasars, show direct evidence for early enrichment of gas due to 
nuclear burning in stars
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Hubble
optical
near-IR
composite 
with 
outflow 
visible in 
the light of 
ionized 
hydrogen
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Picture Credits

• Slides 10, 11, 14, 15, 17, 20, 21 © from 
Green and Jones, CUP

• Slide 12 from Michael Brown at Princeton
• Slide 18 © Ostlie and Carroll
• SOHO, ESO and HST images as credited 
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