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\
Perrymann et al. 1995 A&A 304, 69

π (arcsecond) = 1/ D[pc]
Hipparcos could measure π to  2 
mas (milli-arcsecond, or 500 pc)
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http://www.atlasoftheuniverse.com/hr.html
http://stars.astro.illinois.edu/sow/hrd.html

Red Clump

Hertzsprung Gap
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Piotto et al. 
2002
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Iben 1967
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The Minimum Pressure from the Envelope
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Iben 1967
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Hanson and Kawaler

The Subgiants

subgiants

giants

dwarf
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and

Where

In outer atmosphere (following Applegate 1988):

and (Kramers Opacity)

This means 
derivation 

only good in 
outer 

atmosphere

n = 3.25
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Inside star, assume limiting power-law solution

For r > Rc and M > Mc

n+1 = a/b  => n = 3.2  Applegate 1988
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n+1 = a/b  => n = 3.2

This would result in a luminosity of:

 Applegate 1988
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This is a maximum luminosity:

Upper envelope of Author’s calculated models:

Power-law most extended star (literally infinite):
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More extended stars means weaker gravity => 
lower overall density => lower overall opacity
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 Applegate 1988
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There is a large pressure drop outside the core:

Note:  T(r) only dependent on Mass (mainly core mass)

then implies

As luminosity grows, density drops

Assume most of the mass in the core, and Rc << Re

imply:

 Applegate 1988
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Convective 
Track

Prialnik
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Onset of Convection:

Convection occurs when the temperature gradient 
required for radiative transport becomes steeper 
than that for an adiabatic equation of state:
For adiabatic gas: γa= 5/3 for monotonic gas

Convective Stability Requires: 
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Hanson and Kawaler

Three components:
1.Increasing Luminosity
2.Radiative star with Kramers Opacity gives maximum 
luminosity
3.Large density discontinuity can occur between 
envelope and core.
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On the Red Giant Branch (same as for pre-ms stars)

For a convective atmosphere, we start by setting boundary condition at 
the photosphere.

For a cool stellar atmosphere, the opacity decreases strongly with 
temperature due to H- opacity:
a ~ 10, implies a small change in Teff is a large change in Peff:
this is why the temperature doesn’t change much.

where

Hartmann
Sunday, May 1, 2011



Hartmann
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What is the equation of state for the core?

Prialnik
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Nuclear Burning: the triple α process

4He + 4He -> 8Be

8Be+4He -> 12C

q = k ρ2 T40

Releasing 7.275 Mev
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Nuclear Burning Sequences

Prialnik
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What is the density of the core?
Hydrostatic Equilbrium gives:

The Ideal Gas Law then Gives:

In contrast, non-relativistic degeneracy pressure
gives:
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Evolution of Central Cores

Prialnik
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When does degeneracy happen?
Prialnik
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Iben 1967
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Post-Main Sequence (so far)
• Once 10% of Hydrogen is converted into Helium, core stops 

producing enough nuclear energy and begins to contract.

• Hydrogen burning in shell surrounding core contributes 
increasing luminosity as core collapses.

• The envelope surrounding the core expands and cools to allow 
increased radiation (lower opacity).

• The star hits maximum allowed luminosity for a radiative star 
and becomes a convective star.  It follows Hayashi-like track 
upward in luminosity as radius expands further.

• Helium flash occurs for stars with M < 2 Msun, as their cores 
become dominated by e- degeneracy pressure before they start 
Helium burning. 

• As Helium burning starts, star moves to the horizontal branch
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