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1. Write down the equations of motion of a particle (in polar coordinates) moving in a cen-

tral force. From these equations, show how the gravitational force term can be reinterpreted

in terms of a curved geometry without any gravitational force. Try to guess a metric (not

necessarily a solution of the Einstein’s equation) that can provide similar geodesic equations.

2. When a vector Va is parallel transported along a geodesics, show that the angle subtended

by the vector and the geodesics (i.e the tangent of the geodesics) is unchanged.

3. For a diagonal metric, prove that the Christoffel symbols are given by

Γµνλ = 0, Γµλλ = − 1
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4. (a) Let ub be the 4-velocity of a particle and ab its acceleration 4-vector. Show that

ub∇aub = 0 and ubab = 0.

(b) Show that the tensor defined by Fab = ∇aAb − ∇bAa can also be written as Fab =

∂aAb − ∂bAa, i.e that the Christoffel symbols drop out.

(c) The three dimensional curl of a vector ~B is defined by (~∇× ~B)i = εijkBk. Show that this

can also be written as (~∇× ~B)i = εijk∂jBk.

5. The flat spatial metric in spherical coordinates is given by ds2 = dr2 + r2dΩ2 where

dΩ2 = dθ2 + sin2θdφ2. Write out the Laplacian ∇2f = gij∇i∇jf = ∇i∇jf in terms of the

partial derivatives acting on f .

6. Show explicitly that ∇agbc = 0.

7. Show that with the following transformation x
′a = xa − 1

2Γabc|oxbxc, you can always make

Γabc to be zero locally.

8. Compute all the non vanishing components of the Riemann tensor Rijkl (i, j, k, l = θ, φ)

for the 2-sphere metric where a is the radius of the sphere. Show that the Ricci tensor is

given by Rij = gij/a
2. Find also the scalar curvature.

9. Show that DaF
ab = 1√
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10. If the Riemann curvature is isotropic, the Riemann curvature tensor can be written as

Rabcd = K(gacgbd − gadgbc).



Use the Bianchi identities to show that K must be a constant. (Schur’s theorem). Find Ricci

scalar in this case.

11. Show that the Ricci tensor is a symmetric tensor.
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