
Friedmann’s Equation (1922)

Although it was deduced from Einstein’s field equations, it can also be deduced

from Newtonian gravity.

Consider a sphere about some arbitrary point, such that the radius is R(t).

homogeneity ! !"=0

Isotropy !

From Newton’s equation of motion
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(following M. Plionis’ notes or Peacock 1999)
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2 where  " has contributions from

matter, radiation  and vacuum energy
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where  " has only contributions

due to matter and radiation



Friedmann’s Acceleration Equation (1922)

Deriving

Conservation of energy! 

˙ ̇ R = "
4#G

3
R($ + 3p /c

2
)

(following M. Plionis’ notes or Peacock 1999)
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Friedmann’s Equation (1922)

(from R. Bender’s notes)
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Cosmological Parameters 1

(following M. Plionis’ notes or Peacock 1999)
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For a flat Universe k=0 with no cosmological parameter #=0
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where h#H0/100 km/s/Mpc. The critical density is the density necessary to have a

flat Universe.

The density of the Universe is often expressed as the density parameter
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(R. Benders’ notes)

Einstein-de Sitter Universe (1932)
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Equations of state

(following M. Plionis’ notes or Peacock 1999)

In general p=w<v2>"

For a matter dominated universe:  "$R-3 , p=0, w=0 (dust approximation)

For a radiation dominated universe (photons have the E reduced by R-1):

"$R-4, p=1/3 "c2, w=1/3

For a vacuum dominated universe "=constant, w=–1
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Friedmann’s Equation rewritten: parameters 2
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Cosmological Parameters 3

(following M. Plionis’ notes or Peacock 1999)

For a matter dominated %=0 universe the deceleration constant is another classical

cosmological parameter.
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From a Taylor’s expansion
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The age of the Universe

(following M. Plionis’ notes)
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The age of the Universe

(Hogg 1999, astro-ph/9905116)

tH$1/H0 Hubble time =

3.09%1017 h-1 s =

9.80%109 h-1 yr
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