Convection

» Hydrodynamic instability that transports

mass & heat

» Driven by buoyancy

» Convectively unstable if mass element
displaced upward from equilibrium wants to
continue to rise (i.e., less dense than

surroundings after coming into P eq.)
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Convection criterion
» For ideal gas, adiabatic displacement convectively unstable if

dl’ ~—1T |dP

— | >
dr Y ,0|d7“

l.e., for T profile that decreases “fast enough” with r

2
» Adiabatic index ¥ = 1 + —; [ = #degrees of freedom

f

e.g., f =3 (translational) for monatomic gas
=~y =25/3

vAs [ — 00, v — 1, (v —1)/v — 0 = more prone to convection

e.g., in cool regions of stars where bound atoms & molecules exist

(electronic, rotational, vibrational d.o.f.'s)



Places where convection is important, effects

» Low-mass stars

» Quter layers of intermediate-mass stars (outer 28% of the Sun’s radius)

» Envelopes of red giants

Convection is very effective at transporting energy so also tends to set in

where rapid energy transport is needed, e.g. cores of massive stars € ~~ T8

Also mixes material at different r within convection zones, can bring heavy
elements synthesized in core to the surface (e.g., ‘dredge up’ events during
post MS)

Re-arranges stars so that marginally stable di”  ~v—17T(r)dP

within convection zones: dr v p(r) dr



Convection observed as solar granules

Granule




Numerical solutions of the equations of stellar structure —
especially important as stars evolve past the main sequence

On post-MS evolution:

“It would thus clearly be safer if
we stopped our discussion of
stellar evolution here and waited Ll . BN ISAIRE
for the results from the big - : EVOLUTION |
computers, which we may expect OF THE STARS
in the nearest future. But for those

whose curiosity is stronger than
their wish for safety we shall go
on — fully aware of the risk.”

- Martin Schwarzschild* in Structure and Evolution of the Stars (1958)

* Son of Karl Schwarzschild (of the Schwarzschild metric describing black holes) and nephew of
astrophysicist Robert Emden (of the Lane-Emden equation describing polytropes).
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Evolution of 1 Msyn star
on the main sequence
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Energy Generation Rate

H burn

He burn
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Nuclear burning on the main
sequence for 0.3, 1, 3, 10 Mgyn stars
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Energy Generation Rate
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10 Msun MS — CNO dominates
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