
PHYSICS 432/532: Cosmology – Final Exam

March 19, 2014, 1:00pm

You have 2 hours to complete this exam.

Please answer all questions clearly and completely. Make sure that you show all of your work. Only answers
written in your bluebooks will be graded.

You may reference the formula sheet, attached. Beyond that, the exam is entirely closed book.

Calculators are not allowed on this exam. As such, you are expected to either leave expressions in purely
analytic form or multiply out simple expressions like multiples of 10 (with units, of course). If you find
yourself multiplying 3 digit numbers or taking the cube route of an integer explicitly, you’re working too
hard.

Finally, if you aren’t sure how to get an answer in one part of the problem, pick a reasonable number (correct
dimensions and order of magnitude) for subsequent parts of the problem. Propagated errors (provided they
are done correctly) will not be penalized.

1. [28 points] Short Answers (4 points each)

(a) What are the major motivations for Inflation? (Please give 2. Name, and describe in a short
sentence.)

(b) In words (and a sketch, if you like) explain how the inflationary epoch ended (as compared with
our current exponential expansion, which is expected to go on forever).

(c) What would happen to the fraction of helium in the universe if neutrinos decoupled significantly
earlier (at a higher density and temperature) than they did in the real universe? Please justify
with reference to an equation.

(d) Consider a flat, single component universe with Ω = 1, and an equation of state, w. What range
of w’s produces an accelerating universe?

(e) What is the Cosmological Principle?

(f) A galaxy appears at a redshift corresponding to 3, 000 km/s How far away is it? (in units of
h−1Mpc).

(g) Name and briefly describe at least 1 source of secondary CMB anisotropy. (Note: A secondary
anisotropy formed, by definition, after recombination.)

(h) E.C. Consider a closed, single component universe with Ω > 1, and an equation of state, w. What
range of w’s produces an ultimately collapsing universe?

2. [24 points] For each of the parameters listed below:

i) Give approximately (to within 10− 20%) the currently accepted value,

ii) describe what they are in a sentence (USE WORDS – reiterating an equation will not get you any
credit),

iii) Describe at least two different methods/observations which constrain the values of the parameters.

(a) ΩB

(b) Ωk

(c) h

(d) σ8



3. [24 points] (6 points each part) Let’s consider a universe consisting of a weird substance, “X” with
w = 2/3 = c2s/c

2 and ΩX = 1.

(a) How does the density of this fluid scale as a function of expansion factor?

(b) Write down H(t) as an explicit function of time (as opposed to a function of a).

(c) Now consider the growth of structure of the fluid. Write down the wave equation for some mode,
δk. I’ll even get you started:

δ̈k + 2Hδ̇k +
c2sk

2

a2
δk =

3

2
H2δk

From this, compute a relationship for the comoving Jeans wavenumber (the scale between oscil-
lating and collapsing modes) as an explicit function of a. Your answer should be kJ = ..., and
include

(d) On scales much larger than the Jean’s length (k >> kJ – hint, ignore the pressure term), how
does the growth parameter scale with time? That is, what is δ(t)/δ0? (Don’t worry about
normalization).

You may want to use the trial solution, δ(t) ∝ tn.



4. [24 points] (6 points each) Below, you’ll find the CMB Power Spectrum as found by Planck:

Figure 1: The CMB Spectrum from Planck for use with Problem 4.

(a) (6 points) In units of c/H0, and assuming an Einstein-deSitter Universe, compute the approximate
angular diameter distance to recombination (which you may assume to be at a = 10−3).

(b) (6 points) Based on the above answer what is the comoving wavelength corresponding to the first
acoustic peak? Again, use units of c/H0. You may also find it useful to note that 1◦ ' 0.02 rad.

(c) (6 points) Assuming that recombination occurs at a = 10−3, and that prior to recombination,
the universe was radiation dominated with Ωrel = 10−4, and further assuming that the baryon to
photon ratio produces an average of cs ' c/2, please compute the sound horizon at recombination
in comoving distance.

(d) (3 points) Based on part c), and assuming that the phase at recombination of any given wavenum-
ber can be computed simply as:

φ = kχsound horizon

, at what value of k would you expect to find the first acoustic peak?

As a reminder, the phase enters via the relation:

δ ∝ cos(φ(t))

(e) (3 points) As a reminder:
l = kSk(χ)

and where χ is the comoving distance to the source. At what value of l would you expect to find
the first acoustic peak?

Compare your answer to the Planck results. You should have the right order of mangitude.

(f) E.C. How would i) increasing ΩB or ii) adding a cosmological constant and reducing ΩM quali-
tatively change your answer to part e?


