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Black holes are remarkable and important objects.

Å Fraction of universe: bh

Å Fraction of baryonic galaxy mass: 10-3.

Å Binding energy compared to baryonic binding energy: 

- and worse in globular clusters if there are BH in globulars.  BH 

dominate the gravitational energy of galaxies. Cannot bind BH 

by stellar dynamics, gas dynamics.  Luminosity in EM or 

gravitational radiation must dominate the binding energy budget.  



The study of black holes is always paleontology!

Raptor heads M87 - Macchetto et al. 



Relics of observable entities provide extra 
constraints on theories.  



Connection of BH to AGN is Persuasive

ÅAGN emission requires a relic density of 

about 3 105 solar masses/pc3 if 

E= mc2( /.1)

ÅObserve comparable density in black holes.  



Connection of BH to galaxies is 
persuasive

Å Kormendy/Gebhardt 2002 review fig 2.



Chicken and Egg questions

1.  Which came first, the BH or the galaxy?  

2.  Do the BH form primarily by merging, or by 

gaseous accretion ï

monolithic or episodic?  

ÅWhat are good diagnostics?  



Salviander et al Treu, Malkan,Blandford




