
PHZ 7608 Spring 2017

Homework #4, Due Wednesday, April 26

In trying to pin down the contents of the universe, one looks at various phenomena that

depend on its parameters in different ways.

1. How does the acceleration of the cosmological expansion factor depend on Ωm, ΩΛ, Ωk?

In particular, evaluate the combination q0 = �ä0 a0/ȧ
2
0.

2. For Ωm not too much different from 1, how does the age of the universe depend on Ωm,

ΩΛ, Ωk?

3. Baryonic acoustic oscillations in the matter power spectrum imprint a specific comoving

scale that appears at a different angular scale at different redshifts. For Ωm not too much

different from 1, how does the angular diameter distance as a function of z depend on Ωm,

ΩΛ, Ωk?

4. Leaving aside many complications, the number of clusters heavier than mass m is pro-

portional to the probability that the initial fluctuation amplitude σi averaged over m (set at

a time when the fluctuation distribution is essentially Gaussian) exceeds a critical threshold

δc of order 1 (δc = 1.68). The number of clusters of mass m is then cut off exponentially as

exp(�1
2 ν

2), where ν = δc/σi = δc/[σ(m)/D(z)] = D(z) δc/σ(m). The evolved variance in a

volume of radius 8h−1Mpc is σ8 � 0.8 today, and we can take the variance as a function

of mass to be σ(m) / m−(3+n)/3 with n � �1. In the fiducial, matter-dominated universe

the growth factor D is proportional to the cosmological scale factor a, and in ΛCDM, we

can write D = g a, where g is the relative growth factor. We have seen that velocities are

proportional to

f(Ω) =
d (lnD)

d (ln a )
� Ω6/11.

As a first approximation, take g � f (this amounts to, the evolution of g is slow). What

is the mass cutoff in a ΛCDM universe compared to that in the fiducial matter-dominated

universe?


