
The Friedmann Equation	




Can derive the evolution of R(t) using mostly Newtonian 
mechanics, provided we accept two results from General 
Relativity: 

1)   Birkhoff’s theorem: for a spherically symmetric 
     system, the force due to gravity at radius r is 
     determined only by the mass interior to that radius. 
2)  Energy contributes to the gravitating mass density, 

 which equals: 
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Which means that the 
expression inside the 
brackets must be constant 	




And finally:	




The Friedmann Equation	

A more complete derivation, including the cosmological 
constant term, gives:	


The Friedmann Eqn. is effectively the equation of motion 
for a relativistic, homogeneous, isotropic universe.	

In order to derive cosmological models from it, we also 
need to specify the equation of state of the “cosmological 
fluid” which fills the universe.	
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