
MTH6132, Relativity
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1. [8 points]

∇bΦ = ∂bΦ, Define the scalar according to scalar product Φ = VaW
a
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a) Use Leibniz rule
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a) Re-label dummy indices a→ c, c→ a(
∇bVa − ∂bVa + Γc

abVc

)
W a = Factor out generic vector W a

∇bVa = ∂bVa − Γc
abVc.

2. [10 points] Given ∇aTab = 0 and Tab symmetric and

∇(aXb) = 0 Definition of symmetry operation – see problem set 3

(∇aXb +∇bXa) /2 = 0

∇aXb = −∇bXa.

Thus ∇aXb is anti=symmetric. Let Va = TabX
b, then

∇aVa = ∇a(TabX
b) Use Leibniz rule
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Tab︸︷︷︸
Symmetric

(∇aXb)︸ ︷︷ ︸
Anti-symmetric

Symmetric/Anti-symmetric contraction — see problem set 3

3.[4 points]
(a) ∇aSb

c = ∂aSb
c + Γc
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d
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c
d

(b) Use expression above for Sb
c = δb
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c is either 1 or 0. Derivative vanishes; Use Delta definition
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(b) Dimensions 4, a = 1 · · · 4⇒ δa
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Notice that δa
a correspond to the trace of the identity matrix. Therefore δa

a = d,
with d the dimension of the matrix.
4. [8 points] See lecture notes: Geodesic equation
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