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1. Age of the Universe
Calculate the age of the Universe in the following steps:

(a) Show the relation ΩM + ΩΛ + Ωk = 1. Start with the Friedmann equation
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ρ0 is the matter density at the time t0 and ρΛ = Λ/(8πG).

(b) Derive the relation
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from the Friedmann equation and the definition of the redshift.

(c) Show that
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follows from the definition of the Hubble parameter and the redshift and cal-
culate dt/dz. Give the result using Ωk = 1 − ΩM − ΩΛ.

(d) Calculate the age of the Universe through integration of dt/dz and show that
τ = 2/(3H0). Assume ΩM = 1 and ΩΛ = Ωk = 0.

2. Dark Matter
The orbital velocity of the Sun around the galactic center is vS = 220 km/s at a
radius of RS = 8 kpc.

(a) Calculate the mass inside a sphere with radius RS. Assume the mass has a
spherical distribution, i.e. depends only on RS but not on Θ and Φ.

(b) The baryonic matter inside RS amounts to 3 · 1010M⊙. Calculate the amount
of dark matter inside RS.

(c) Assume a flat rotation curve. Give the dependence of the dark matter density
as function of distance at large distances.

see reverse side



3. Size of the Universe

(a) Calculate the radius of the visible Universe. Assume t013.7 · 109 a.

(b) Calculate the number of baryons in the visible Universe. Assume all baryons
are hydrogen atoms and it is ΩB = 0.05.

(c) Calculate the number of stars in the visible Universe. Assume the average
mass of a star corresponds to the mass of the Sun. Assume Ωvis = 0.005 for
the visible matter.

(d) Assume 1010 a is the typical lifetime of a star. Calculate the number of new
stars which are born during 1 h. Assume the star production is in equilibrium.

The solutions will be discussed on 01.06.2011 at 15:30 in HG 01.029.
Course web site: http://particle.astro.ru.nl/goto.html?cosmology1011


