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Exercise 30 (10 credit points): Fierz–Pauli Lagrange density

Consider the following Lagrange density (Fierz and Pauli 1939):

LFP =
1

8πG
(
ψµν, σ ψµν, σ − 2 ψµν, σ ψσν, µ − ψµ

µ, ν ψρ
ρ,

ν + 2 ψρν
, ν ψσ

σ, ρ

)
+ 2 Tµν ψµν .

30.1 Show that the Lagrangian equations of motion following from this are equivalent to the linearized
Einstein equations.

30.2 Calculate the canonical energy–momentum tensor

tµν =
∂LFP

∂ψαβ,
ν

ψαβ, µ − ηµν LFP .

Exercise 31 (10 credit points): Quadrupole formula

In the lecture, the following expression for the energy flux was given for propagation in x-direction:

fx =
1

4πG

[
1
4
(ψ̇22 − ψ̇33)

2
+ ψ̇2

23

]
.

Repeat the steps that lead to the quadrupole formula and give the calculational details. Show, in particular,
the following relations for the components ni of a unit vector n̂:

1
4π

∫
S2

nlnm dΩ =
1
3

δlm ,

1
4π

∫
S2

nknlnmnr dΩ =
1
15

(δklδmr + δkmδlr + δkrδlm) .
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