
Distances

•Spacetime Geometry 

•Friedmann-Lemaitre-Robertson-Walker metric 

•Cosmological redshift 

•Distances
◦Comoving distance
◦Horizon distance
◦Proper distance
◦Luminosity distance
◦Angular diameter distance
◦Light travel time distance
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Distance in unit of the Hubble 
scale: DH  = c/H0 = 3 h-1 Gpc
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D(z) relations for different 
cosmologies

flat, matter-only empty, negative curvature flat, matter+DE

Distance in unit of the Hubble scale: DH  = c/H0 = 3 h-1 Gpc

• Geometry
◦differential interval = metric = ds^2
◦spacetime interval = int sqrt(ds^2) along a worldline W
◦timelike (proper time), lightlike (frozen time), spacelike (proper 

distance)

• Friedmann-Lemaitre-Robertson-Walker metric
◦Introduce scale factor a(t) and comoving coordinates
◦Derivation of Hubble's law: v = dr/dt = x da/dt = r [da/dt/a] 

• Cosmological redshift: (1+z) = 1/a(t) 

• Distances
◦Comoving distance: x = c int dz/H(z)
▪Observer's horizon in comoving distance
◦Proper distance: D_p = a(t0) x = x for flat universe
▪Hubble law distance
◦Luminosity distance: D_L = (1+z) x
◦Angular diameter distance: D_A = x/(1+z) = emission distance
◦Light travel time distance: D_ltt = c (t_now-t_emi)













Solutions of the Friedmann 
Equation

Composition Today

Dark  
matter:  
27%

Gas:  
4%

Galaxies: 
0.5%

Neutrinos: 
<0.5%

Planck Collaboration (2013)

The Composition Varies over Time
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• for z ≪ 1,  z × c = vr = H0 D = H0 (t0-t) c, so z = H0 (t0-t) 
• for z ≪ 1, R = 1/(1+z) ≈ 1-z, so R = 1-H0 (t0-t) 
• At t = 0, R = 0, so we have t0 = 1/H0 = 13.7 Gyr








