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| Core Mass Limit

The mazimum fraction of a star’s mass that can exist in an isothermal
core and still support the overlying layers is given by the Schénberg-

Chandrasekhar limit

Mi env 2
<7> ~0.37 <“ ) :
M sC Hic

where fieny and pe are the mean molecular weights of the overlying
envelopes and the isothermal core, respectively.

When the gas density is sufficiently high and electron degeneracy
happens, an isothermal core may exceed the Schénberg-Chandrasekhar
limit. The pressure of a completely degenerate, non-relativistic electron

gas is given by
P.=K p5/ 3,

Note that P, is independent of the temperature, T'. Stars with M <
1.5Mg become degenerate before the Schonberg-Chandrasekhar limit is
reached. This in turns causes the subsequent He core flash.
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| Isothermal Core Mass Limit (1I) 5}
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Isothermal Core Mass Limit (IV) IS}

Now, estimate the mass, i.e. envelope pressure, that can be supported
by the isothermal core: Starting again with

dpP

GM,

dM, —  4mrt

and assuming the pressure at the stellar surface to be zero, we have

Picenv
Rc,env = / dP =
0

where M is the total mass of the star

M:
© GM,
_ / G 4,
v 4mr

G

TSn ity (M;e — M?),

. Assuming M2 < M?, and making

the crude approximation that (rt) ~ R*/2, we have

-Pic,env ~

Isothermal Core Mass Limit (V) IS}

Making a rough estimate, pic env ~

we can estimate R with

Pic,env ~

4m R*

R~ -

3M
AT R3’

G M? GM
" 3R

1GM Henv TMH

G M
4 R4

. pic,env k T’ic
and using Pi¢ eny = ————
Henv MH

ic,env —

GM -Pic,env Henv MH
3R kT

3 T k

= }Dic,env ~

81 1 kT \*
4 G3M? Henv TH '

Finally, set the maximum pressure of the isothermal core equal to the
pressure needed to support the overlying envelope and get

M;.
— ~0.54
M

2
(,uenv ) )
Hic
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Suggested Guidelines

Evolution timescale
&% Nuclear timescale » Kelvin-Helmholtz timescale

Core activities
& Contraction: T/ ~¢/ ~L/

<% Shell expansion: T ~ e\ ~ L\« (even ceases nuclear burning)
& Cooling by neutrinos (temperature inversion)

& Strongly electron-degenerate cores (T independent)

Envelope activities

& Contraction: R\« ~ To /* ~ bluer

& Expansion: R/ (L) ~ Te ~ redder

< Cool surface < H- ions (large opacity) > onset of convection
< mixing compositions
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Planetary Nebulae - Hubble Space Telescope « WFPC2

NGC 5315
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“
» 4 4
IC 4593 NGC 5307

NASA, ESA, and The Hubble Heritage Team (STScI/AURA) - STScl-PRC07-33a
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Helix nebula
(NGC 7293)

Planetary Nebulae

Cat’s Eye nebula (NGC 6543)

bluish-green color owing to [O IlI]
at 500.68 nm & 495.89 nm

[O 11], [Ne 1], etc

L ERE R

Egg Nebula 3

Proto-planetary
Nebula (PPN)
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Menzel 3 (Mz 3)

Outflow velocity
~ 1000 km s-1




Masers in AGB Envelopes Stellar Clusters
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Hertzsprung

Caused by the short Kelvin- My
Helmholtz timescale following
the hydrogen-depleted core

Less pronounced for
M<1.25 Mo

Comparison of

h and Persei

Credit: Volker Wendel, Josef Popsel, Stefan Binnewies
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