
Extragalactic Astronomy (ASTRO 504)
Spring 2020

Problem Set 10

Due 10 April 2020

Solving problem sets is one of the most efficient ways of learning the subject. You are encouraged to
collaborate with fellow students and/or to consult senior students, local postdocs and me. But, please
write the solution by yourself.
No homework will be accepted after I post the solution on the course webpage at the due date.

1. (20 pts) Homogeneous and isotropic power spectrum.
(a) Explain why the density two-point correlation functions in homogeneous and isotropic Uni-
verses must be in a form of

〈δ(x1)δ(x2)〉= ξδ(|x1 − x2|). (1)

(b) Show that corresponding density power spectra in homogeneous and isotropic Universes may
be written as




δ(k)δ(k′)
�

= (2π)3Pδ(|k|)δD(k+ k′), (2)

where |k| is the amplitude of the wave vector k, and δD is the Dirac-delta function.
(c) How is ξδ(r) related to Pδ(k), where r = |x1 − x2| and k = |k|?

2. (30 pts) linear evolution of CDM and baryon fluctuations.
Consider linear growth of perturbations in a Universe with cold dark matter with density Ωcdm =
0.25 and baryon density Ωb = 0.05. Consider only redshifts z� 1 so that the dynamical effect of
the cosmological constant is negligible.
(a) Starting from the continuity equation and the Euler equation, write down the differential
equations for linear evolution of δcdm(x, t) = δρcdm(x, t)/ρ̄cdm, the fractional perturbation to the
CDM density, and for δb(x, t) = δρb(x, t)/ρ̄b, the fractional perturbation to the baryon density.
Now consider the evolution of a single Fourier mode of wavelength λ and wavenumber k = 2π/λ,
of the density field.
(b) Show that baryon perturbations are stabilized by pressure at small scales, and find an expres-
sion for the Jeans wavelength λJ , the wavelength that separates stable and unstable modes. You
may asssume that δcdm ' δb on scales larger than the Jeans wavelength.
(c) Evaluate the Jeans wavelength just before and just after decoupling, and determine the corre-
sponding Jeans mass. [Hint: Baryons share the sound speed with photons before decoupling. After
decoupling, baryons share temperature with photons, but behave as monoatomic ideal gas.]
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