
Cosmology – HW 3

HW 3
Due February 8, 2018

Please answer all questions clearly and concisely. You are strongly encouraged to discuss the homework with
your classmates, but you must complete the written homework by yourself, and of course, the material you
submit must be your own.

1. Ryden 7.1

2. Ryden 7.3

3. Ryden 7.6

4. A cluster has a typical radius of about 1.5h−1Mpc. Assume that clusters have always existed, and
always had the same physical size (not a good assumption!), and further assuming ΩM = 0.3, ΩΛ = 0.7:

(a) At what redshift will the angular size be a minimum?

(b) What will the angular size of the cluster be if it were at that redshift?

(c) What is the luminosity distance to that redshift?

5. I put a file called “hw3 cluster.txt” on the course website. In it, I’ve simulated a cluster of 100 galaxies.
Each line is of the form:

x(”), y(”), z

where the first two indicate the angular position of the galaxy with respect to the cluster center, and
the 3rd indicates the redshift of the galaxy (including both the Hubble flow and it’s motion within
the cluster). For reference, the galaxy positions are plotted below, so if you want to check that you’re
reading the file correctly, this is probably a good place to start. As always, using whatever numerical

package/language you like. Leave all calculations in terms of factors of h.

(a) Compute the mean redshift of the galaxies. Assume that this represents the cosmological redshift.
From that, compute the distance to the cluster.

(over)



(b) Using the distance above, calculate the outer radius of the cluster.

(c) Compute the 1-d velocity scatter, σv, by computing the scatter (standard deviation) in redshift
and converting to velocity:

σv = cσz

(d) The mass of a cluster may be estimated by:

M =
3σ2

vR

αG

You may assume α = 1.

(e) E.C.: Determine a reasonable value of α based on the observed radial profile of the galaxies
themselves under the assumption that the galaxies are a fair sample. I want you to base your
estimate on the data (though clearly there is some room for error.


