
Problem set 1, due in Wednesday 16/9/09
1. a) Derive the metric tensor and the connection coefficients on a sphere of

radius 1, using θ and φ as the coordinates.
b) Write down and solve the geodesic equation of motion for particle on the
sphere. I suggest to proceed as follows:
(i) define the velocity vector vi = dxi/dt, where xi are just θ and φ.
(ii) write down explicitly the 2 geodesic equations
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(iii) One can solve directly the coupled differential equations. One may make a
shortcut and use the fact that gij is φ-independent, which implies vφ = const
(don’t confuse vφ with vφ!). Eliminate t from the equations and find a single
differential equation for θ(φ). Use the new variable, cot(θ), this should simplify
things. Show that your solution is a big circle.

2. a) Consider the FRW metric with a(t) = pt2/3 where p is some constant.
A photon is emitted at t = 0. How far has it travelled by t = T , as measured at
T ?
b) Repeat the previous exercise for a(t) = a0 exp(Ht) where a0 and H are con-
stants. You’ll find distance>>age for t >> 1/H ; remember this for the future.

3. Consider 2 photons emitted in the same direction by the same laser at the
cosmic time t1, with a small time interval ∆t1. You receice them at the cosmic
time t2 and measure the arrival time difference of ∆t2. Express, in terms of a(t1)
and a(t2), the ratio of time interval ∆t1 and ∆t2 (you may assume ∆t/t << 1).
Use your calculation to produce the expression for cosmological redshift in terms
of a(t).

4. Derive the volume of a closed Universe in terms of a.


