
ASTR 622 - Cosmology

HOMEWORK #2 (Tu Feb 28th 2012)
due: Thu March 8th in class

1) Angular and Luminosity Distance (15 pts)

This is question 3 from HW1. You do not need to do it again if you have already done it
last time.

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

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

2) Thermal History (15 pts)

a) Explain why conservation of entropy is a better approximation than energy conservation
in order to follow the relationship between scale factor and temperature of the “radiation”
during the early evolution of the universe. Write down the equation for the temperature,
T (a), and Hubble parameter, H(t), and combine them into a single differential equation
for dT/dt. Make sure to distinguish between the effective number of degrees of freedom of
the plasma [g(T )] weighted by assuming conservation of energy and entropy (Hint: this
is in my notes, but Cole did not cover it).

b) Using the formula in my notes for the relic abundance of species decoupling when non-
relativistic, show that the abundance of protons today would be negligible if baryogenesis
did not happen. Assume a cross section for the baryon annihilation µ ∼ mπc

2 = 135 MeV.
Why is the relic abundance so small ? Why is the abundance of a WIMP with cross section
< σ0v >∼ 3 × 10−26 cm3/s much larger?

2) Primordial Black Holes (10 pts)

a) Give a rough estimate the mass within the particle horizon during the radiation dom-
inated eras as a function of redshift and time.

b) Show that the mass of the Horizon is similar to the mass of a black hole with density
equal to the mean cosmic density and to the Jeans mass assuming the sound speed during
the radiation era is cs = c/3. An object more massive than the Jeans mass is gravita-
tionally unstable and collapses. Comment on the result. Hint: the Jeans length can be
derived assuming λJ/cs = tff , where tff = (Gρ)−1/2 is the free fall time.
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