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1. Explicit Expression for the Riemann Curvature Tensor
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where in the third equality we dropped all the (µ, ν)-symmetric terms killed by
the subtraction with the indices exchanged.

2. Properties of the Riemann Curvature Tensor

(a) We show that the fourth symmetry follows from (I),(II) and (III):

Rαβγδ = −(Rαδβγ + Rαγδβ) = Rγαδβ + Rδαβγ

= −(Rγδβα + Rγβαδ)− (Rδβγα + Rδγαβ)

= 2Rγδαβ + Rβγαδ + Rβδγα

= 2Rγδαβ −Rβαδγ = 2Rγδαβ −Rαβγδ

⇒ Rαβγδ = Rγδαβ (2)

(b) From (a) we directly deduce the symmetry of the Ricci tensor :
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(c) Writing 	 for the cyclic permutations in (α, β, γ) and then using the third
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which gives the desired result.

(d) Contracting the Bianchi identity over the indices (µ, β) and (ν, α) one finds :
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And defining the Einstein tensor as Gαβ = Rαβ − 1
2gαβR, we see that the

contracted Bianchi identity (4) is equivalent to ∇αGαβ = 0 because :
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1
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so that ∇αGαβ = 0 ⇔ ∇α
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]
= 0 where we have use the fact

that gα
β = gαλgλβ = δα

β simply because gαλ is the inverse of gαλ.

3. The Geodesic Deviation Equation (section 8.3)

(a) This is obvious (I hope) since from expansion of the deplaced equation to
first order one gets

Γµ
νλ(x + δx) d

dτ (xν + δxν) d
dτ (xλ + δxλ)

= ∂ρΓ
µ
νλ(x)δxρ d

dτ xν d
dτ xλ + 2Γµ

νλ(x) d
dτ xν d

dτ δxλ (7)

(the symmetry of the Christoffel symbols accounting for the factor of 2).
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one can calculate the 2nd derivative D2δxµ/Dτ2,
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Subtracting from this the term Rµ
νλρẋ

ν ẋλδxρ and using the geodesic equation
to eliminate ẍν , one finds the equation
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