
Physics 801 Homework 1:
(Due: 9/20/07)

1. (long problem) Derive the Friedmann equation starting from Einstein equations:

Rµν −
1
2
gµνR = 8πGTµν

with the FRW metric ansatz

ds2 = −dt2 + a2(t)(
dr2

1−Kr2
+ r2dΩ2)

and

Tµ
ν =


−ρ(t)

P (t)
P (t)

P (t)

 .

2. Show that a 3-sphere defined by
4∑

i=1

(xi)2 = α2

embedded in Euclidean 4D space has a metric on it which can be expressed as

ds2 =
dr2

1− f(α)r2
+ r2dΩ2

where f(α) is a function of α. [Note that r2 here is defined as r2 = (x1)2 + (x2)2 + (x3)2 and the metric on
the sphere is ds2 =

∑4
i=1(dxi)2.]

3. Compute the stress tensor of the field χµν where χµν = −χνµ and has the action

S =
∫

d4x
√

g[∂[αχµν]∂[βχλκ]g
αβgλµgκν + m2χµνχµν ]

where [...] is the antisymmetrizer:i.e.

∂[αχµν] =
1
6
(∂αχµν − ∂µχαν − ∂νχµα + ∂µχνα + ∂νχαµ − ∂αχνµ).

[You do not have to solve any equation of motion. Just compute the stress tensor in terms of the metric and the
field χµν .]

4. For a Hubble constant of H0 = 70km/(sMpc), plot the age of a matter dominated universe as a function of Ω0.
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