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Problem 1

Inserting the definition: ∂µh̄µν = ∂µh
µν − 1

2η
µν∂µh = 0. Also: Γρµν = 1

2η
ρλ (∂µhνλ + ∂νhµλ − ∂λhµν):

�xχ = gµν∇µ∇νxχ = gµν(∂µ − Γρµν)∂ρx
χ = −gµνΓρµν = 0 (1)

= −1

2
ηµνηρλ (∂µhνλ + ∂νhµλ − ∂λhµν) +O(h2) (2)

=
1

2
∂λh− ∂µhµρ = ∂µh̄

µν X (3)

Problem 2

a) For the movement along the x-axis the acceleration is given by: mẍ = − m2

|x1−x2|2 . Taking symmetry
into account (x1 = −x2) this can be rewritten and solved with the polynomial approach x(t) = atn:

ẍ = − m

4x2
(4)

n(n− 1)atn−2 = −m
4

(atn)−2 ⇒ x(t) = ±
(

9m

8
t2
)1/3

(5)

b) This approximation is reasonable as long as |h| � 1 holds and the connection is negligible.

c) Using the ansatz from the lecture:

h̄ij(t, ~x) =
2

r

d2

dt2
Iij(tr), Iij =

∫∫
yiyjT 00, (6)

T 00 = δ(z)δ(y)(δ(x− (9mt2/8)1/3) + δ(x+ (9mt2/8)1/3))m (7)

This yields:

h1j = hi1 = hij ≡ 0, i, j = {2, 3}, (8)

h11(t, ~r) =
4

r

d2

dt2r
x2(t) = −16

9r
(9m/(8tr))

2/3, tr = |t− x(t)|, r = R (9)
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