
PHYSICS 432/532: Cosmology – Midterm Exam

February 9, 2016, 9:30am

You have 1 1/2 hours to complete the 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 use a calculator, and, of course, reference the formula sheet, attached. Beyond that, the exam is
entirely closed book. Unless otherwise labeled, all problem parts are given equal weighting.

1. [25 points] Short Answers (5 points each)

(a) What are the two assumptions underlying the cosmological principle?

(b) The Higgs boson has an approximate mass energy of 125 GeV. At approximately what expansion
factor was the universe hot enough to create Higgs bosons? (Higgs freeze-out.)

E.C. (3 points) Recalling that Ωrel = 4.2h−2 × 10−5 and assuming that your answer in part (a) is during the
radiation dominated epoch, how long after the big bang is Higgs freeze-out?

(c) What is the comoving horizon distance in a flat universe with w = +1 as a function of a. Note:
this is not a universe we’ve seen before.

(d) In units of the Hubble time, how old would the w = +1 universe be today?

(e) Please describe in a sentence how (historically) we measure the following steps in the distance
ladder. (2 gets you full credit, 3 gets you +2 extra credit).

• The distances to the nearest stars.

• The distances to star clusters in our galaxy.

• The distances to the nearest galaxies.

2. [30 points] Let’s discuss our actual universe a little bit.

(a) (10 points) To within 20% of the Planck values, give a best estimate to ΩM , ΩDE , Ωk, w (for
Dark Energy), and h.

(b) What is the approximate accepted value of the deceleration parameter, q0? More importantly,
describe in a sentence or two the observations that constrain this parameter.

Hint: For the numerical calculation, you may find your answers in the previous problem helpful.

(c) At what expansion redshift did/will the universe start to get dominated by Dark Energy? I would
like a numerical value.

(d) Suppose robot cosmologists still exist in a trillion years. Approximately what Hubble constant
will they measure? You may express your answer in terms of present-day cosmological parameters.

What sort of universe (it has a name) will they essentially live in?

(e) Give 2 arguments for dark matter. Again, this should be in a sentence or two. If you wish to
argue against dark matter, be my guest, but your argument will have to be very persuasive to get
any credit.



3. [25 points] Measuring masses

(a) The sun orbits the center of the Milky Way at a radius of approximately 8kpc and with a circular
speed of 200 km/s. Approximately how much mass is contained interior to the sun’s orbit?

(b) The luminosity density of the local universe is approximately 1.2×108L�/Mpc3. The Milky Way
has an approximate luminosity of ∼ 1.2 × 1010L�. Assuming all of the light comes from galaxies
like the Milky Way, what is the density of these galaxies?

(c) Assume all of these galaxies have a fixed mass/light ratio. What would ΩM be under those
circumstances?

(d) Suppose the rotation curve of the Milky Way is flat out to 16 kpc. If that is, indeed, the case,
what is the mass interior to 16 kpc?

Does this answer shed any light into the smallness (or largeness, I suppose) of your answer in the
previous part?

(e) Apropos of mass measurements, we can also use gravitational lensing. The Einstein ring SDSS
J1627-0053 is shown below:

The ring is a lensed quasar (arbitrarily far away), while the lens (in the center) is at a redshift of
z = 0.208 (you may use the “simple” version of distance). The radius of the ring is 2”. Based on
that, what is the mass of the lens?

What sort of object is the lens, based on its mass and by comparison with your result from the
previous parts of the problem?

4. [20 points] We observe a cluster of galaxies at a redshift of z = 3. For simplicity, you may assume that
we live in an Einstein-deSitter universe. We’ll test that assumption shortly.

(a) In units of 1/H0, How far in the past are we observing the galaxy?

(b) In units of c/H0, what is the comoving distance to the galaxy?

(c) It has a physical radius of 1.5h−1 Mpc. What is the angular radius in an Einstein-deSitter
universe? Please express your answer in arcseconds.

(d) Suppose clusters of galaxies were standard rulers (they aren’t, but for the purposes of this problem
suppose they are) with the fixed proper radius above. Suppose you actually measure an angular
radius of about 290”. What (qualitatively) does that tell you about the geometry of the universe
we live in (in the hypothetical world of this problem)?


