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Exercise 1. (5 points)
Let X,U,V,W be vector fields on a Riemannian manifold. Show that the Riemannian curvature tensor
R fulfills the following properties:

i) R(U, V)W + R(V,W)U + R(W,U)V =0,

i) (VuR)(V.W)X + (VvR)(W, U)X + (VwR)(U,V)X =0,
i) g(R(U, V)W, X) = —g(R(U,V)X, W), and

iv) g(R(U, V)W, X) = g(R(W,X)U, V).

Exercise 2. } (3 points)
Let V and V be two connections on a manifold M. Show that V —V is a (1, 2)-tensor field on M. Show
that the assignment (X,Y) — VxY is not a (1, 2)-tensor for vector fields X, Y.

Exercise 3. (4 points)
Let (M, g) be a Riemannian manifold with normal coordinates (U, ;) around p € M (see previous exercise
sheet). For W = Y7  W,;8; € T,M show that the Jacobi field along a radial geodesic v (i.e. v(0) = p)
with J(0) = 0 and J'(0) = W is given by J(t) =t >, W;9; for all ¢.



