
Problem Set 8: Big Bang, Structure Formation, and Spherical Collapse

Astrophysics and Cosmology through Problems

Due 20 Nov. 2008

1. Statistical mechanics in an expanding universe, Padmanabhan 6.6

2. Consider a spherically symmetric slightly overdense region within a spatially flat (k = 0) homogenous
matter-dominated universe.

(a) Assuming that the region obeys the Friedmann equations with a small positive curvature (0 <

k ¿ (aH)2), find out how overdensity:

δ(t) ≡ ρ(t)− ρb(t)
ρb(t)

(1)

evolves with time, where ρb(t) is the background density and ρ is the density of the overdense
region.

(b) Can you combine the Newtonian Poisson equation, with the linearized continuity and Newton’s
2nd law in an expanding Universe to obtain the same result?

(c) Now assume that the cosmic density is dominated by vacuum energy: ρvac = −pvac = const., at
late times. Numerically solve, and plot the evolution of δ(t) and δ(a) through the transition from
matter-dominated to the vacuum-dominated era (a(t) is the cosmic scale factor).

3. Spherically symmetric evolution, Padmanabhan 7.10
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