
ASTR 622 - Cosmology

HOMEWORK #3 (Tu April 3, 2012)
due: Th April 12 in class

1 Growth of cold dark matter density perturbations (20 pts)

Consider dark matter perturbations on scales larger than the horizon at the redshift of
equivalence. These perturbations grow from the initial value δi at t = ti to the time of
equivalence teq as δx ∝ t and after equivalence as δx = A1t

2/3 + B1t
−1, where A1 and B1

are constants (Note: the solution is a linear combination of growing and decaying modes).
Show that at t >> teq:
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Now consider dark matter perturbations on scales smaller than the horizon at the redshift
of equivalence. These perturbations grow from the initial value δi at t = ti to the time
when they cross the horizon tk = teq(keq/k)2 as δx ∝ t, at tk < t < teq their growth is
suppressed due to the Meszaros effect thus δx = A2 ln t + B2 and after equivalence they
evolve as δx ∝ A3t

2/3 +B3t
−1. Here A2, B2, A3, B3 are constants. Show that at t >> teq:
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Hint: you have to connect the different expressions for δx and its time derivative δ̇x at teq
and tk in order to get the final answer.

2 Transfer function (10 pts.)

Use the solutions of question 1 to derive the transfer function for CDM, defined as:

T (k, t >> teq) =
δx(k, t)

δx(k → 0, t)
.

a) Plot the transfer function and the power spectrum P (k) ∝ knT 2, with n = 1. What is
the log slope of P (k) at small mass scales?

b) On which scales the spectrum of perturbations from inflation are unmodified by grav-
itational collapse?

c) What is keq and what is its value in Mpc−1?
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