Stellar Evolution



Fundamental Stellar Parameters

Radiative Transfer

Stellar Atmospheres

Equations of Stellar Structure

Nuclear Reactions in Stellar Interiors
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Homologous Stellar Models and Polytropes
Main Sequence Stars

Post-Main Sequence Hydrogen-Shell Burning
Post-Main Sequence Helium-Core Burning

White Dwarfs, Massive and Neutron Stars
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Fundamental Stellar Parameters
Introduction, Basic Relations and Stellar Distances
Magnitudes, Colours and Spectral Classification
Eclipsing Binaries and Radial Pulsation
Colour-Magnitude Diagrams

Radiative Transfer
Stellar Atmospheres
Equations of Stellar Structure

Nuclear Reactions in Stellar Interiors
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Basic Requirements

Understanding the evolution of a star, its previous and future
evolution requires knowledge of:

e Mass (M),
e Radius (R) and
e Luminosity (L).

These are usually expressed relative to the solar mass M,
the solar radius R and solar luminosity L respectively.

In addition, relative abundances of all chemical elements in
the photosphere are needed.




Effective Temperature and Angular Radius
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Effective Temperature and Surface Gravity Scaling
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Kepler's Third Law
van den Bos WH, 1961 MNASSA 20 138

ilercury 0.2,1

Venus 0.615 0.3795
arth 1 1

llars . 1.881 3.536

Juplter 11.857 140.3
| 9.510 | 29.425 | 860.1
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Earth-Sun Distance Measurement
Metz D, 2009 Science & Education 18 581
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Parallax Stellar Distance Measurement
van Belle GT, 2009 New Astronomy Reviews 53 336

Earth in June

View of Parallax Star in June

Background
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View of Parallax Star in December




Stellar Magnitudes and Colours - |
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Stellar Magnitudes and Colours - Il

mg — my = —2.5logo(Fa/Fy)

V =V, —2.5logy
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Absolute Magnitude

=5logyd —5
(when D = 10pc).
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Bolometric Correction
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Stellar Type - Temperature Classification - |
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Stellar Type - Temperature Classification - Il
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Spectral Type - Luminosity Classification
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Eclipsing Binaries - |

V} away from observer

V5 towards observer

Radial Velocity [km/s]




Eclipsing Binaries - |l




Radial Pulsation - |

shell of thickness dry with equilbrium

nce ro from centre of star of radius R.
Py - equilibrium pressure at .
po - equilibrium density at r.
M,
dM,,
/ T
M, = 4m /

0

,» - mass confined within 7.

- mass confined within dr
9 !

poro”drg  dM,, = dmwpyr

In hydrostatic equilibrium, pressure gradient balance
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Radial Pulsation - Il

To

where x(t) is a time-c

ndent perturbation. If the shells

e their mass (M, 1y,)
pridr = pyro*dro,
and do not exchange energ

the pulsation is adiabatic:
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Radial Pulsation - Il
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Radial Pulsation - IV

Left Hand Side of EOM:
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Radial Pulsation - V

(t)) = R and M, = M

M

-+
dt*

For pulsation period T, the solution is:

(iwt) with w?
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Radial Pulsation - Period-Luminosity Relation

Pulsation period IT has w
dence on stellar radius R

k dependence on stellar mass (M) but strong depen-

Absolute My~ 5logy R
edicted

ity Relation My, .k ~
good ag i

) logyo I which is in

»solute magnitudes of radial pulsators (Cepheids and RR Lyrae stars) are directly

measureable from their periods which then yield distances

DA



Stellar Masses, Radii & Luminosities

Spectrum logo(M/Ms) logyo(R/Re) logyo(L/Le)
111 v 111 v 111

+1.70 +1.30 +5.50 +4.10
+1.20 +1.60 +4.40 +1.90
+1.10 .25 +1.80 +3.90 +0.80
+1.00 +0.40 +2.00 . i +3.80 +1.50 +0.10
+1.10 +0.60 +2.30 . +4.00 +2.00 —0.40
+1.20 +0.80 +2.70 . +4.50 +2.60 —1.20




Hertzsprung-Russell Diagram
Sowell JR et al. 2007 AJ 134 1089

40> «Fr «E» «



Sandage A 1970 ApJ 162 841

Colour-Magnitude Diagram for the Globular Cluster M13
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Lecture 1: Summary

Essential points covered in first lecture:

e Distances of nearby stars m a by para once scale
of the Solar System has

es may be determined through the stud
binary stars.

sically; those with the same
radii and luminosities and this
end the distance scale.

1 as Cepheids and RR L
once their pulsation pe
through the period-luminosi

pends on initial photospheric abundances and their
ectra are to be discussed in the next two lectures.
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