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EtchedEtched
HourglassHourglass
NebulaNebula

TodayToday
•• Continue with life of a lowContinue with life of a low--mass star (like the Sun) mass star (like the Sun) 

after exhausting H in core  after exhausting H in core  ---- post MSpost MS
•• Red giantRed giant (RG I)(RG I) phase, with H shell burningphase, with H shell burning
•• Helium flashHelium flash goes off in shrinking degenerate core:  goes off in shrinking degenerate core:  

horizontal branchhorizontal branch star with He core burningstar with He core burning
•• Double shell burning (H and He) yields Double shell burning (H and He) yields red red 

supergiantsupergiant (RG II),(RG II), blows off planetary nebulablows off planetary nebula
•• Discuss Discuss white dwarfswhite dwarfs formed at end of evolution of formed at end of evolution of 

lowlow--mass starsmass stars
•• Planetarium #2 this FRIDAYPlanetarium #2 this FRIDAY `Birth of Stars’`Birth of Stars’ ---- go go 

there directly  there directly  ---- readread 17.2 Star Birth17.2 Star Birth carefully carefully ––
bring clickers bring clickers 

•• HW Set # 4 returned + answers  + HW Set # 4 returned + answers  + Evolution OVEvolution OV

Reading Clicker  Reading Clicker  ---- life trackslife tracks

•• What can we find out about a star from its   What can we find out about a star from its   
life tracklife track on the Hon the H--R diagram?R diagram?

•• A.  When the star was bornA.  When the star was born
•• B.  The surface temperature and luminosity     B.  The surface temperature and luminosity     

of the star at each stage of its lifeof the star at each stage of its life
•• C.  The star’s current stage of lifeC.  The star’s current stage of life
•• D.  Where the star is locatedD.  Where the star is located

B.B.

Clicker Clicker –– Stellar EvolutionStellar Evolution
•• Which is correct order for some Which is correct order for some stages of stages of 

lifelife in a lowin a low--mass star? mass star? 

•• A.A. protostarprotostar, main, main--sequence star, red giant, sequence star, red giant, 
planetary nebula, white dwarfplanetary nebula, white dwarf

•• B.B. protostarprotostar, main, main--sequence star, red giant, sequence star, red giant, 
supernova, neutron starsupernova, neutron star

•• C.C. mainmain--sequence star, white dwarf, red giant, sequence star, white dwarf, red giant, 
planetary nebula, planetary nebula, protostarprotostar

•• D.D. protostarprotostar, main, main--sequence star, planetary sequence star, planetary 
nebula, red giant nebula, red giant 

A.A.

Life track in Life track in 
HH--R diagramR diagram
of of solarsolar--massmass
starstar

Many meandersMany meanders,,
but MS phasebut MS phase
longestlongest, , red giantred giant
phase(sphase(s) shorter) shorter,,
finally white dwarffinally white dwarf
left to cool slowlyleft to cool slowly

protostarprotostar

blow lovely shellblow lovely shell

ZAMSZAMS
white dwarfwhite dwarf

Red Giant IRed Giant I

RG IIRG II
??

Clusters: Clusters: test lifetimestest lifetimes on main sequenceon main sequence
REMINDER:REMINDER:

All stars at aboutAll stars at about
same distancesame distance

All formed at aboutAll formed at about
same timesame time

Range of differentRange of different
mass stars !mass stars !

Stars “peel off”Stars “peel off”
MSMS as core Has core H
exhausted exhausted red giantsred giants

----Young clusterYoung cluster

---- Oldest clusterOldest cluster
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1:1: LowLow--MassMass
Star on MSStar on MS

H burning in H burning in corecore

Longest phaseLongest phase::
10,000 MY = 10 BY10,000 MY = 10 BY
if solar massif solar mass

MS MS 
Red Giant I Red Giant I 
HorizHoriz Branch Branch 
Red Giant IIRed Giant II
(or (or SupergiantSupergiant))

MSMS

RG IRG I

RG IIRG II

Overview ofOverview of
what will happen:what will happen:

2:2: SubgiantSubgiant toto
Red GiantRed Giant
(first visit)(first visit)

H burning in H burning in shell,shell,
makes much moremakes much more
energyenergy

Vast expansion,Vast expansion,
RG phase lastsRG phase lasts
~ 500 MY~ 500 MY

Huge convectiveHuge convective
envelopeenvelope

MS MS 
subgiantsubgiant

red giantred giant

MS MS subgiantsubgiant red giantred giant

Contracting core in red giant gradually becomes Contracting core in red giant gradually becomes 
“electron degenerate”  “electron degenerate”  ---- what does that mean?what does that mean?

MSMS red giantred giant

Complex Complex 
aside:aside:

“Degeneracy”“Degeneracy”
pressurepressure
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Oops!Oops!

ThermostatThermostat
is is missingmissing inin
degenerate gasdegenerate gas

Could getCould get
exciting!exciting!

3:3: Helium Helium 
FlashFlash

He He corecore burning burning ----
removes electron removes electron 
degeneracydegeneracy

He core burningHe core burning
with thermostatwith thermostat

“horizontal“horizontal
branch star”branch star”

4:4: HorizontalHorizontal
branch starbranch star

He core burning,He core burning,
H shell burningH shell burning

Short phase,Short phase,
lasts ~50 MYlasts ~50 MY

TripleTriple--alpha alpha 
fusionfusion:  :  
3 He 3 He CC

Helium flash Helium flash 
He fusion to CHe fusion to C

in core in core 
(horizontal branch)(horizontal branch)

5.5. RedRed
SupergiantSupergiant

DoubleDouble--shellshell
burningburning ofof
H and HeH and He

Phase could bePhase could be
very short if very short if He He 
burning is erraticburning is erratic
(unstable)(unstable)
---- then lasts onlythen lasts only
a few MY, anda few MY, and
blows off outerblows off outer
shellsshells

6.6. PlanetaryPlanetary
NebulaNebula

Outer shellsOuter shells
of red of red supergiantsupergiant
“puffed off”“puffed off”

Great pictures!Great pictures!

““Naked” Naked” 
white dwarfwhite dwarf
emergesemerges


