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Exercise 26: Dust

26.1 Derive the continuity equation and the Euler equation for dust given in the lecture within the framework
of special relativity.

26.2 Show that in an arbitrary reference frame it follows from the conservation of the energy–momentum
tensor of dust that dust particles move on geodesics.

Exercise 27: Ideal fluid

The energy–momentum tensor of an ideal fluid is given by

Tµν = ρ uµuν + P (uµuν + gµν) ,

where uµ is the four-velocity, ρ is the density and P is the pressure of the fluid.

27.1 Use the fact that the energy–momentum tensor of an ideal fluid is divergence-free to derive the conti-
nuity equation and the Euler equation.

27.2 Write out the continuity equation for the metric

gµν = diag
[
−1, a(t)2, a(t)2, a(t)2

]
.

Exercise 28: Maxwell theory

Consider the action of electromagnetic field in vacuum

S =
∫

d4x
{
−
√−g
16π

Fµν Fµν

}
, where Fµν := ∂µ Aν − ∂ν Aµ .

28.1 Derive the field equations by the action principle.

28.2 Calculate the Hilbert energy–momentum tensor Tµν = − 2√−g
δS

δgµν .

28.3 Show by direct calculation that the divergence of the energy–momentum tensor ∇µ Tµν vanishes.
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