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Exercise 1. (3 points)
Let (M, g) be a Riemannian manifold with a unit-speed geodesic v : I — M. A Jacobi field J along 7
with J L 4 everywhere is called a normal Jacobi field along 4. Show that J 4+ C'.J = 0 for any normal
Jacobi field if (M, g) has constant sectional curvature C' € R.

Exercise 2. (4 points)
Consider the upper half plane {(x,y) € Rx]0,o0[} equipped with the metric
1
9= E(%‘)-

Let 7 be a parametrization of constant speed of {(zg,y) : y €]0, 0o} for fixed zy.
i) Sketch the situation and show that ~ is a geodesic.
ii) Show that J = 9, is a Jacobi field along ~.

Exercise 3. B (4 points)
Let (M, g) be a Riemannian manifold and M C M a submanifold of codimension 1 with normal field N.
You may use without proof that Vi W = Vy W +b(V, W)N where b(V,W) = (Vy N, W) = —(Vy W, N).

i) Show that (R(V, W)X,Y) = (R(V, W)X, Y) + b(V,Y)b(W, X) — b(V, X )b(W,Y).
ii) Deduce that for a plane II, C T,M C T,M it is K(II,) = K(IL,) + det b |, .



