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Goals
•By the end of the next two to three 
lectures you should be able to:

•Describe the life cycle of a star.
•For each stage in the life of a star describe 

the relationship between pressure and 
gravity. Specifically, you should be able to 
identify which is larger at a certain stage: 
   gravity, pressure, neither.  [DONE!]

•Explain why a star changes the way it does 
during its lifetime in terms of the forces of 
pressure and gravity.  [DONE!]

•List the life stages of a star in order.
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Reading
•Read Chapter 11

•11-1) Star Formation (Last Mon.)
•11-2) Life on the Main Sequence (Last Wed.)
•11-4) Late Stages in a Star's Life
•11-5) Low Mass Remnants

•Chapter 12 will cover the remnants of 
High Mass stars
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The Life and Death 
of a Star:

a.k.a. “How to Fuse Your Way to a Long Life... 
or not”
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Star Death
•We’ll spend the next 

few lectures dealing 
with why stars “die” 
and what a stellar 
corpse looks like.

•Remember: 
most stars are low 
mass.

•Today we focus on 
how most stars die by 
looking at how low 
mass stars die.

Distribution of Stellar Masses 
in a Star Cluster
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High-Mass Stars
> 8 M⊙

Low-Mass 
Stars

< 2 M⊙

Intermediate-
Mass Stars

Brown Dwarfs

What is “Low Mass”?

6

6Thursday, April 18, 13



Star Life on Main Sequence 

•Hydrogen burns in core while on main 
sequence.

•When hydrogen in core runs out the 
star goes from “living” to “dying”

•Details what happens next depends on 
mass of star.
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Reminder: “Solar Thermostat” 
and the Main Sequence

Decline in core temperature 
causes fusion rate to drop, so 
core contracts and heats up

Rise in core temperature 
causes fusion rate to rise, so 
core expands and cools down
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Approaching end of the Main 
Sequence

•Gradually star uses up Hydrogen at Core 
(all converted to Helium)

•Structure just before leaving main 
sequence becomes

•Hydrogen outer core 
(with some Helium) 

•Helium inner core 
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Interior structure near end of 
main sequence 

Just before leaving 
main sequence 

Just after leaving 
main sequence 
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Clicker Question
•What happens to when a star that has 
been main sequence star for an 
extremely long time can no longer fuse 
hydrogen into helium?

A)The core cools off.
B)The core shrinks and heats up.
C)The core expands and heats up.
D)The core starts fusing helium, since it is the 

only fuel available.
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Broken Thermostat

• When core can no longer fuse 
hydrogen, it contracts.

• Core heats up, but not 
enough for Helium 
fusion.

• Hydrogen fuses to 
Helium in a shell around 
the core at a very high 
rate because hotter 
than previous core 
temperature.

•Luminosity increases as 
does thermal pressure 
outward...Fr
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Life after the Main Sequence

•Observations 
of star clusters 
show that a 
low mass star 
becomes 
larger, redder, 
and more 
luminous after 
its time on the 
main sequence 
is over.
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After main sequence, before 
helium burning

14

•Core of helium, 
shrinking and 
heating

•Shell of hydrogen, 
fusing to helium and 
generating a lot of 
heat

•Inert outer layer, 
expands as a result 
of pressure from 
shell, and cools

14Thursday, April 18, 13



• The hydrogen shell fusion is heating the helium core.
• Core temperature eventually climbs to T>108K.

• 4He + 4He ➔ 8Be (8Be is highly unstable)
8Be + 4He ➔ 12C
12C + 4He ➔ 16O

• Net result:  
3 4He ➔ 12C + energy
or
4 4He ➔ 16O + energy

Helium Fusion

From http://outreach.atnf.csiro.au/

KEY POINT: Less energy per 
reaction then Hydrogen Fusion
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•Helium fusion is highly temperature dependent (5% rise 
in temperature leads to 6x faster fusion rate!).

•What should happen in a low-mass star when the core 
temperature rises high enough for helium fusion to 
begin?

A)Helium fusion should slowly start up.
B)Hydrogen fusion will stop.
C)Helium fusion should rise very quickly.

Clicker Question
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Helium Flash

• Core temperature rises rapidly when helium fusion begins causing 
helium fusion rate to skyrocket.

• Thermal pressure takes over and expands core again.
• Energy production actually drops... The star re-stabilizes and shrinks.  

It is now a helium burning giant star (yellowish surface).
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Life Track after Helium Flash

•Mathematical 
models show that a 
red giant should 
shrink and become 
less luminous after 
helium fusion 
begins in the core.

•OK, so what 
evidence is there 
for this?
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Life Track after Helium Flash: 
Observations

•Observations of 
star clusters 
agree with 
those models.

•Helium-
burning stars 
are found in a 
horizontal 
branch on the 
H-R diagram.

H-‐R	  diagram	  of	  a	  star	  cluster	  showing	  stars	  that	  have	  evolved	  off	  the	  
main	  sequence.
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Double Shell Burning

•The star is not massive enough to raise the core 
temperature high enough to drive carbon fusion!

•This double-shell burning stage never reaches 
equilibrium—fusion rate periodically spikes upward 
in a series of Thermal Pulses.

20

20Thursday, April 18, 13



•The outer layers of a Red Giant very tenuous and barely 
held on by gravity.

• If R increases by 100x, 
vesc drops to 10% original value 
(or ∼60 km/s for Sun) … 

EASY TO BLOW OUTER LAYERS OFF! 
Especially if pushed outward by radiation (light).

Red Giant Mass Loss

vesc =
r

2GM

R
/ R�

1
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Planetary Nebulae

•Each thermal pulse 
causes the star to 
expand and leads 
to mass loss as the 
outer layers of H 
and He are ejected 
into space as a 
planetary 
nebula.

•The core left 
behind becomes a 
white dwarf.Ring	  Nebula

White	  Dwarf

Eskimo	  Nebula

Hydrogen
Helium
Nitrogen	  (Processed	  material)
Oxygen	  (Processed	  material)

Egg	  Nebula	  	  (Not	  Symmetric)

Hourglass	  NebulaNGC	  7027	  (iniGally	  symmetric,	  then	  not!)

22

22Thursday, April 18, 13



Life Track of a 1 MSun Star
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Earth’s Fate: We’re Toast
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Earth’s Fate: 
Maybe the Toast Gets Eaten
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