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Class 10 :  
The physics of Black Holes  

  Anatomy/definition of a black hole 
  Masses of black holes 
  Formation of black holes / GRBs 

I : The anatomy of a black hole 

Gravitational redshift 
outside of a spherical 
object with mass M is 
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  Event horizon 
  Point of no-return… the location where the escape velocity 

equals the speed of light 
  The gravitational redshift becomes infinite here (as 

seen by an outside static observer) 
  Nothing occurring inside can be seen from outside (or have 

any causal effect on the external Universe!) 
  So… as a practical matter, astrophysics never need concern 

themselves with the Universe interior to the event horizon 
  Radius corresponding to event horizon for a non-spinning 

black hole is known as the Schwarzschild radius 

Derived from GR treatment of problem… 
but same formula results from using 
Newtonian treatment of escape velocity 

  Singularity 
  The center of the black hole… the place into which all of 

the matter making the black hole has been crushed 
  General Relativity gives nonsense answers here (infinite 

density, infinite spacetime curvature)… so GR must break 
down here 

  Some new theory of quantum gravity is needed 

  For spinning black holes… 
  Spacetime is twisted by rotation… objects close to black 

hole are “dragged” into rotation with it (frame-dragging) 
  Within ergoregion, it becomes impossible to stand-still… 

you have to rotate in same sense as black holes 
  Turns out that ergoregion is where the rotational energy of 

the black hole is stored 
  Nature can tap this energy store… can energize accretion 

disk or power jets 
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II : The masses of black holes 

  In principle, a black hole can be any mass… 
  But Nature seems to form black holes in two 

(or maybe three) mass ranges… 
  Stellar-mass black holes  

  Masses of few-20Msun 
  Formed from death of massive stars 

  Supermassive black holes 
  Masses of 106-1010Msun 
  Found in centers of galaxies… origin unknown, but 

almost certainly date back to formation of galaxy 
  Maybe… intermediate mass black holes 

  100-104Msun 
  Evidence for existence of such black holes in centers of 

globular clusters and the outskirts of galaxies 
  Origin unknown 
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III : The birth of black holes… 
Gamma-Ray Bursts (GRBs) 

  Question : are there any differences between the 
supernovae that form neutron stars and those that form 
black holes? [Why should we expect difference?] 
  The general answer to this question is still unknown 
  But at least some black hole forming supernova are now 

known to create the spectacular phenomenon known as a 
Gamma-Ray Burst 

  Gamma-Ray Bursts 
  Discovered in 1960s by US military satellites designed to 

police nuclear test band treaty 
  Origin was mysterious for 30 years… finally shown to be 

extremely powerful versions of supernovae (hypernovae) 
  Almost certainly correspond to black hole forming 

supernova… explosion looks even more spectacular due to 
beaming of the explosion 
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IV : More esoteric issues 
concerning black holes 
  Black holes slowly evaporate! 

  Hawking showed that quantum effects cause them to 
behave like black bodies with temperature 

  So, over time, they radiate away their energy and 
hence grow smaller 

  Larger black holes are much “cooler” and evaporate 
much more slowly… in fact, any black hole that we 
are discussing evaporates so slowly that its not 
relevant for astrophysics 

  This does matter for microscopic black holes that 
may be created at the LHC… they would probably 
never even make it out of the LHC! 


