
Set 4, Due: March 11, 2024

1. Let M be a Riemannian manifold with sectional curvature identically zero. Show that
for every p ∈ M the mapping expp : Br(0) ⊂ TpM → Br(p) ⊂ M is an isometry, where
Br(p) = expp(Br(0)) is the normal ball at p.

2. Let M be a Riemannian manifold with non-positive sectional curvature. Show that the
conjugate locus C(p) = ∅ for every p ∈ M. (Hint: Assume there is a non-trivial Jacobi field J
along the geodesic γ : [0, a] → M with γ(p) = 0 = γ(a). Show d

dt g( DJ
dt , J) ≥ 0 and conclude

g( DJ
dt , J) ≡ 0. Then find a contradiction.)

3. p.185, 6-3

4. p.185, 6-4

5. p.185, 6-7
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