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ASTR398B Black Holes (Spring 2017) 
Prof. Chris Reynolds 

Class 10 : 
Life and Death of Stars 

RECAP 
n  Kerr black holes 

l  No hair theorem – any (isolated) black hole is 
determined purely by its mass, spin and charge. 

l  Ergosphere – region containing energy of rotation.  
Impossible to stand still there… must rotate in same 
sense as the black hole 

l  Event horizon is smaller for spinning black holes. No 
horizon at all for a>1 (superspinners), although these 
are probably not formed in nature. 

l  Special orbits around black holes 
§  Innermost stable circular orbit 
§  Photon circular orbit 
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This class 

n  Start the discussion of real black holes 
n  Focus on “stellar mass black holes” 
n  Come from the death of stars… so must 

first study the life of stars! 
n  Two case studies… 

l  Low mass star (M<8Msun) 
l  High mass star (M>8Msun) 
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I : Some reminders about stars 

n  Stars have variety of… 
l  Colors (Temperature; 3000K-30000K) 
l  Luminosities (0.001Lsun – 100,000Lsun) 
l  If we plot the luminosity and temperature/color of a 

collection of stars (Hertzsprung-Russell Diagram), we 
find distinct patterns emerging… most stars lie on a 
line called the main sequence. 

n  Differences all due to mass and age of star: 
l  Main sequence is the normal/long-lived part of the 

stars live.  This is the HèHe fusion phase. 
l  Location on main sequence determined by mass 

(high-mass = hot  ;  low-mass = cool). 
l  Stars then leave the main sequence and flit around 

the HR-diagram when in old age. 
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Sun 
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II : Hydrogen burning 

n  Basic process during main sequence: 4H → He 
l  0.7% of mass is converted to energy…  

l  About 106 times more efficient than chemical burning 

n  But, eventually, the star runs out of hydrogen 
in its core.  For all but the most massive stars, 
the time until the star runs out of hydrogen is 
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ITER 
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“Astrophysics is a fight 
between gravity and 
everything else” 

Prof. Cole Miller (UMd) 

III : Post-MS evolution of low-
mass star (M<8Msun) 

n  Once hydrogen runs out in core… 
l  Energy production stops 
l  Core contracts (gravity no longer balanced by 

outward flow of energy) 
l  Envelope of star expands è Red Giant 
l  Core contraction è heating è helium fusion! 

(provided that M>0.4Msun) 

l  Star expels envelope in series of explosive events 
(nova) è planetary nebula 

l  He or C core remains as a white dwarf (stellar mass 
but size of Earth) 
€ 

3He→C
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Subrahmanyan Chandrasekhar 
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II : Evolution of a high-mass star 

n  Stars with M>8Msun take a different path… core 
gets hot enough that nuclear burning can 
proceed beyond Carbon 
l  There is a sequence of reactions that go all of the way 

from H to Fe (iron) 
l  The fusion reactions get less and less efficient as the 

sequence proceeds… mass must be processed as a 
progressively faster rate in order to satisfy stars 
demand for energy 

l  Iron is the end of the road… it has the most stable 
nucleus and so you cannot extract energy by fusing it 

l  End up with a shell-like (or onion-like structure)… an 
iron core surrounded by a shell of Si→Fe burning, which 
is surrounded by a shell of O→Si burning etc. 
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n  What happens next? 
l  Once iron is reached, fusion stops in core 
l  Without energy production, core is slowly crushed 
l  When Mcore~1.4Msun, pressure forces become 

incapable of supporting core… core undergoes 
catastrophic gravitational collapse (in less than a 
second) 

l  Energetics of core collapse… 
§  releases about 1046J 
§  99% emerge as neutrinos 
§  Star is blown apart… core collapse supernova 
§  1% of energy (1044J) emerges as radiation and kinetic 

energy 
l  Fusion reactions during the supernova responsible 

for all elements heavier than iron 
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n  What happens to the core? 
n  If M<20Msun  

l  Becomes neutron star (M~1.5-2Msun, R~10km) 
l  Matter gets “neutronized” 

n  If M>20Msun 
l  Core collapses all of the way to a black hole 
l  M~3-20Msun, R=5-60km 

 


