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Prof. Michael S. Vogeley
Problem Set 1
Due Thursday, January 22.

1. Robertson-Walker metric
Show that the Robertson-Walker metric

Adr? = Adt* — R*(t)[dr® + Si(r)dy?]
can also be written in the form

cdr? = Adt* — R*()[dr? /(1 — kr?) + r’dy?)

2. Metric for an Open Universe
For a k = —1 Friedmann cosmology (A = 0), with p = p = 0, show that the R-W metric
line element becomes

Adr? = Adt* — At*[dr? + sinh® rdy?]

3. Relativistic Velocities

(a) Show that the general relativistic relation between recession velocity and cosmological
redshift is
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where H(2') is the Hubble constant at redshift 2’.

(b) Show that the special relativistic relation between peculiar velocity and redshift is
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(c) Show that both relativistic relations are approximately v & ¢z at small distance.

4. Particle Horizon
Following the suggestions outlined on pp. 85-86 of the text, show that the dominant form of
mass-energy at early times must scale as p ox R~ with o > 2 for a particle horizon to exist.

5. Evolution of €,,.ter, Qoac

Compute how the density parameters €2,,,4:tr and 2., evolve with time in different cosmolo-
gies and plot the results on a figure like 3.5 on p. 83. In other words, for each choice of
Quatter, Qvae today, plot the trajectory of the model backwards in time to where it would lie
in that same diagram at ¢t &~ 0. On the plot, clearly indicate which end of each curve is now
and which is at ¢ = 0. Pick models from all regions of the diagram and be sure to include
the following (in other words, do more than just these):

Qmatter =1, Qvac =0

Qmatter = 027 Qvac =0

Qmatter = 037 Qvac =0.7



