
Problem set 7 FYS9130 – Week 42

1. Week field limit

Assume that we can write gµν = ηµν + hµν where hµν is a small pertubation,
|hµν | << 1. Show that to first order in hµν we have

gµν = ηµν − hµν (1)

Γα
µν =

1

2
ηαβ (hβµ,ν + hβν,µ − hµν,β) (2)

Rµνρσ =
1

2
(hµσ,νρ + hνρ,µσ − hµρ,νσ − hνσ,µρ) (3)

Rµν =
1

2

(

hσ
µ,νσ + hσ

ν,µσ − h,µν − ¤hµν

)

(4)

R = hµν
,µν − ¤h (5)

2. Lagrangian

Show that by varying the action S =
∫

dnxL given by the Lagrangian

L =
1

2

(

hµν
,µh,ν − hµρ,σhµσ,ρ +

1

2
hρσ,µhρσ,µ −

1

2
h,µh,µ

)

(6)

with respect to hµν , we get the first-order vacuum Einstein equations.

3. Gauge freedom

Show that an transformation hµν → hµν + Xµ,ν + Xν,µ leaves the first-order
Riemann tensor unchanged for any vector Xµ.
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