
Particle Astrophysics & Cosmology SS 2008 1

Chapter 2  
Standard Cosmology
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Hubble expansion

r(t)  =  a(t)  ·  r(t0) =  a(t)  · r0
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Time dilation
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Innocent beings
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positively curved space

negatively curved space

0180>∑
triangles

0180<∑
triangles

Curved space
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Spacetime
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Some history

1915 Einstein GRT
1917 Einstein: cosmological constant
1922 Friedman’s first paper (GRT + RWM)
1924 Friedman’s 2nd paper

expanding universes with open 
and closed geometries

1925 Friedman dies
1927 Lemaitre “rediscovers” Friedman’s 

findings
1929 Hubble: receeding galaxies

Einstein withdraws cosm. constant
(“my biggest blunder”)

Aleksander Friedman(n)
1888 - 1925
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Evolution of the universe in “dust models” Λ = 0 

2D analogy



Supernovae as candles (identical light curves)
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Supernovae (~2001)
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acceleration
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SN Ia red shifts  

HST: Feb 2004
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Past Deceleration, Present Acceleration
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The present state of knowledge …

ΩΛ

Ωm
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HST SN-Ia and Cosmic Sum Rule
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The Cosmic Triangle
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Age of the universe - I
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Age of the universe - II
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Age of the universe - III

age becomes larger with increasing ΩΛ



Particle Astrophysics & Cosmology SS 2008 19

Age of the universe - IV
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Solution to the Friedman Eqn

Rev. Mod. Physics 58 (1986) 689-698
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Solution to the Friedman Eqn.- I

(flat)

ΩΛ=0 => Ωm+ΩK=1
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Solution to the Friedman Eqn.- II

ΩK=0 => Ωm+ΩΛ=1
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Solution to the Friedman Eqn. - III

arbitrary - I

loitering

bouncing

ΩK+Ωm+ΩΛ=1
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Solution to the Friedman Eqn. - IV

arbitrary - II

ΩK+Ωm+ΩΛ=1
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Solution to the Friedman Eqn. - V

arbitrary - III

ΩK+Ωm+ΩΛ=1



Illustration of Flatness Problem - I
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Ω(z)

z

Ω0=0.01

0.03

0.1

0.2

Ω0 (1+z)
Ω (z) =

1 + Ω0z

MD universe



Illustration of Flatness Problem - II
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ρ = ρc - 0.000000000000000000000001

ρ = ρc  +  0.000000000000000000000001

ρ = ρc



Illustration of Horizon Problem
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