
1st Set of Problems

1. If Aµ = (xy, 3y, yz) is a covariant vector, find its components in spherical coordinates
(r, θ, φ).

2. Show that:

T(αβ) =
1

2
(Tαβ + Tβα) , T[αβ] =

1

2
(Tαβ − Tβα)

3. Prove two of the following relations for the covariant differentiation

aλ;µ = aλ,µ − Γρµλaρ (1)

T λµ;ν = T λµ,ν + ΓλανT
αµ + ΓµανT

λα (2)

T λµ;ν = T λµ,ν + ΓλανT
α
µ − ΓαµνT

λ
α (3)

Tλµ;ν = Tλµ,ν − ΓαλνTµα − ΓαµνTλα (4)

4. (*) Prove the following relation for the parallel transport of a vector around a close path

δaλ = −1

2
aβRλ

βνσ (dxσδxν − dxνδxσ)

5. Transform the Euclidean metric tensor from Cartesian coordinates to cylindrical ones.

6. Find the Christoffel symbols and the geodesic equations for one of the metrics:

ds2 = dv2 + [u2 − v2]du2

ds2 = dv2 − v2du2

7. For the metric ds2 = dr2 + r2dθ2, find the geodesic equations and show the following
relations:

r2dθ

ds
= constant(

dr

ds

)2

+ r2

(
dθ

ds

)2

= 1

8. (*) Prove that :
aλ;µ;ν − aλ;ν;µ = Rκ

λµνaκ
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