
ASTR622 Cosmology (Spring 2016)

Homework 2

Due date; Tuesday 1st March 2016

1. The apparent size of particle horizons : For the purposes of this questions, assume that the
dynamics of the Universe are described by the flat, matter-dominated case where necessary. Then,
at time t, the particle horizon has a coordinate size rH = 3ct.

(a) Hydrogen became largely neutral, and the photons that we now see as the CMB started free
streaming, when the temperature fell to T ≈ 2975K. Our view of this time is called the last
scattering surface. Given that the current temperature of the CMB is T = 2.73K, at what
redshift is the last scattering surface?

(b) The age of the Universe at recombination was 375 kyr, and the age of the Universe today
is 13.6Gyr. What is the apparent (angular) size of the particle horizon at the time of
recombination as viewed by us today?

(c) Electron neutrinos decoupled from matter at t ≈ 4 s when T ≈ 5×109 K. What is the redshift
corresponding to this epoch? What is the apparent (angular) size of the particle horizon at
the time of e-neutrino decoupling as viewed by us today?

2. Particle horizons and inflation : Consider the following toy model for inflation. Suppose
that the evolution of the Universe has three distinct phases — flat/radiation-pressure dominated
(a ∝ t1/2) from the moment of the Big Bang (t = 0) to some very early time t = t1, exponential
expansion with a time-constant τ0 (a ∝ et/τ0) from t = t1 to t = t2 (where we assume t2 ≫ t1

and t2 ≫ τ0), and then back to flat/radiation-pressure dominated from t = t2 to the present time
t = t0. Derive an approximate expression for the proper radius of the particle horizon.

3. Hubble diagrams : Quoting the appropriate expressions from the notes and looking up any
constants that you need, make a plot of the luminosity distance as a function of redshift for
a Universe with lines corresponding to (i) ΩM.0 = 1,ΩΛ.0 = 0; (ii) ΩM.0 = 0,ΩΛ.0 = 1; (iii)
ΩM.0 = 0.3,ΩΛ.0 = 0.7.

4. Ouch? : Have you ever been struck by a cosmological-relic neutrino? Justify your answer.
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