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% % Star Stuff

= Stars form in cold
molecular clouds
(mostly H, but also
perhaps some CO, H,0)

= Gravity collapses a
Chapter 14 piece of the cloud

Star Stuff which heats up and
begins to glow as a
protostar

Stellar Alchemy
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Star Stuff Star Stuff

= Conservation of = Star Birth — a life track on an H-R diagram
angular momentum ‘. Ji =Contraction stops when
causes the cloud the < temperature reaches 10
i 1\\, =~y million K and hydrogen
spin faster and | R

fusion begins
flatten into a disk ra—

= Magpnetic fields H_ E.] : T

cause jets of material i
[ W
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Star Stuff %?é Star Stuff
= Mass c_ontrqls " 1".,;-._._&»_! B - = Stellar Birth Weights
formation time 7| SSEES=E 2= « Many stars will form from a molecular
=15 M, il S cloud
60,000 years { *l it !ﬂ e = Wide range of masses
s l MSUH ? .f
50 million years | 3 10 -100 M, 1star
«0.5M,, - 2-10 Mg, 10 stars
150 million years o e+ » rm 0.5-2Mg,, 50 stars
T Less than 0.5 M, | 200 stars
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Star Stuff % Star Stuff
= Stellar Birth Weights = Gravitational
= Upper limit about 100 M, equilibrium

=Radiation pressure blows star apart e A continuous
balance between
gravity and pressure

= |f pressure does not

balance gravity the
star will shrink or

= Lower limit about 0.08 M,

«Electron degeneracy pressure limits
contraction

= Temperature less than 10 millon K
«No hydrogen fusion

. expand sy
= Brown dwarfs and giant planets P
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Star Stuff % Star Stuff
= Three kinds of pressure = Life cycles of stars
= Thermal pressure maintained by energy = Low mass stars
generation 0.08 M, to 2 M,
= Radiation pressure maintained by
energy generation = Intermediate mass stars
- Degenerate pressure 2M,,, 08 M,
«No two particles can have the same
position and velocity = High mass stars
above 8 My,
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Low Mass Stars % Low Mass Stars
1. Remain on the i 2. H shell burning w
main sequence = H shell generates " il
while H fusion 1 l \\\k energy, Helium core1 = \‘\ ,'(
(into helium) | . A shrinks, i
Luminosity goes up
goes on in the corei i
i « Quter layers
| expand
= Star becomes a
giant 5
+ul 1 = Takes Lbillion _:'ii +u w1
:-w-c wMO ML A0 years for the sun wED BN AEG
T D e L W iu'.hll o R oL W
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Low Mass Stars
; ; i =
3. Helium fusion - o
e 3%He->1C i
< H burning shell - '
expands and cools S [ wmm e
= Star moves to o |
horizontal branch *: ‘\ *ut \
q [ (1T
[ ] W X ix LJd .
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Low Mass Stars

4. Double shell
burning (H, He)
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AST1002

Low Mass Stars
4. Double shell
burning (H, He)
= Strong “stellar wind”

5. Ejects Planetary
Nebula
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3. Helium fusion "
it
- 3%He->1C iR
= Hburning shell ? e =
expands and coolsE 4
1 2] el
- Star moves to | o) ey
horizontal branch # = * R
q’ [0 = NGO |
s ERLLL] o] E000 - 300y
SRS R R (K ek
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Low Mass Stars
4. Double shell N ﬁ 5
R A ! -
burning (H, He) L _e_—-a- .........
= Strong “stellar wind’*, &8 5 & =
o g - j q,
i I i
- 1
i -
e\ 0
e W
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Low Mass Stars

4. Double shell : . ﬁ_u
burning (H, He) gl e .
= Strong “stellarwmd” J\ B =

5. Ejects Planetary |t 5,‘ ¢--.....
Nebula R

6. Leaves white dwarf : \ \o

1=
4.._._
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Medium and High Mass Stars

1. Main Sequence s
= H fusion in core -1;;"""_-—_? 5
- Radiation pressure e
may be more i \'\.‘

important than :
thermal pressure |
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Medium and High Mass Stars

1. Main Sequence s
= H fusion in core -1;;"""_-—_? 5
- Radiation pressure . e e
may be more i \'\.‘

important than :
thermal pressure |

2. H shell burning
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Medium and High Mass Stars
1. Main Sequence e
< H fusion in core ‘-s;;'—f —
< Radiation pressure . b e
may be more I \"\.‘
important than & =
thermal pressure & .,
2. H shell burning x x
3. H shell, He core -
burning = e e o
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%% Medium and High Mass Stars

ain Sequence L P
= Hfusion in core
= Radiation pressure N, —

may be mc?re = \..‘\:"

important than i

thermal pressure i - J

2. Hshell burning v
3. Hshell, He core "
burning "
4. H, He shell, C core |
burning -
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%% Medium, Mass Stars
ain Sequence ",
e H fusion in core e :
e v
= Radiation pressure i " B
may be more T \"\\h
important than 3 g
thermal pressure ' -
2. Hshell burning ol \
3. Hshell, He core L
burning o]
4. H, He shell, C core S -
burning = Eemamm

5. Blow off upper layers; become white dwarf
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High Mass Stars

= Multiple fusion
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High Mass Stars — =
. . . 5 r
= Multiple fusion ; b
layers !
e Carbon i
= Oxygen
< Neon
= Magnesium
Ld s
e lron
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Star Stuff
e The Limit is lron!
Fatkgren
hpig= [T 0T
\om -
) rarhen r
Lk Imd s
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layers !
= Carbon  woyeas | S——
® Oxygen 100 days = -
< Neon
100 hours
100 mins ‘ b A -
- . i
- Iron 100 secs ” -
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Star Stuff

= Core eventually
collapses as Iron
builds up
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Star Stuff

= Core eventually
collapses as Iron
builds up

= Protons and electrons
merge to form neutrons
(and neutrinos)
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Star Stuff

= Core eventually
collapses as Iron
builds up

= Protons and electrons
merge to form neutrons
(and neutrinos)

= Gravitational energy
released ...

Cl14 p271-289
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= Supernova
e Upto 10
billion L,

e Leavesa
neutron star
(or maybe a black hole)

< And a supernova remnant
= And emits a burst of neutrinos
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e Summary ... High and Low Mass stars
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= Close Binary evolution
« The “Algol” paradox

«The sub-giant was once
the more massive star

=The 3.7 mg,,
main-sequence
star was once the less
massive star
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= SN1987A

= A shock wave
expands

Cl14 p271-289
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& Star Stuff
AN _
= Close Binary evolution
= The “Algol” paradox yotmmaer
= Today:

=0.8 m,, subgiant
«3.7 m,, main-sequence star
= How can this be?
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= Close Binary evolution
« The “Algol” paradox

«The sub-giant was once
the more massive star

=The 3.7 mg,,
main-sequence
star was once the less
massive star

« What Next?

Cl14 p271-289
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Questions and/or Comments?

Let me know at oliver@astro.ufl.edu

or visit http://www.astro.ufl.edu/~oliver/
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