
ASTR 622 - Cosmology

HOMEWORK #1 (Th Feb 9th 2012)
due: Tu Feb 21st in class

1) Conservation of Energy (15 pts)

a) Derive the energy continuity equation

ρ̇+ 3H(ρ+ p/c2) = 0

from the Friedmann equations.

b) How does this agree with the first law of thermodynamics?

c) What does this say about conservation of energy? For instance, consider a universe
that contains only photons. Where does the energy of the photons go as the universe
expands?

d) In which sense is correct to say that energy is conserved in GR and in the expanding
Universe? (note that in N-body cosmological simulations of structure formation in an
expanding universe, energy is not conserved!)

2) Matter Dominated Models (20 pts)

Cosmological models dominated by non-relativistic matter have an analytical solution
even for Ω 6= 0.

a) Solve the Friedmann equations (i.e., find a(t)) for a closed universe (Ω > 1) with only
matter (no radiation or vacuum energy). (Hint: the solution can be found in parametric
form with a ∝ (1− cos θ) and t ∝ (θ − sin θ)).

b) Do the same for an open universe.

c) Plot the evolution of a(t) for an open and a closed universe and explain what you
found.

d) Plot the age of the universe as a function of Ω in matter dominated models assuming
H0 = 70 km/s/Mpc. Comment on the result.

3) Angular and Luminosity Distance (15 pts)

a) Calculate and plot the angular diameter distance for a matter-dominate universe with
K > 0. Comment on the result.

b) Plot the Hubble diagram (apparent magnitude of a standard candle vs redshift) for a
flat universe with H0 = 70 km/s/Mpc and (on the same plot) for a closed universe with
Ω = 1.2, 1.5, 2. Comment on the result.
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