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3.1. Find two Riemannian manifolds M,N and a local diffeomorphism f : M → N
such that

(a) for every p ∈M and for every v ∈ TpM , |dfp(v)| ≥ |v| but f is not a covering
map.

(b) M complete, there exists p ∈ M such that for every v ∈ TpM , |dfp(v)| ≥ |v|
but f is not a covering map.

3.2. Let (M, gM), (N, gN) be two Riemannian manifolds with parallel curvature ten-
sors. Assume that (N, gN) is complete. Given m ∈ M and n ∈ N , assume that
there exists a linear isometry φ : TmM→TnN preserving the Riemann curvature
tensor at m, i.e. such that for all u, v, w ∈ TmM ,

RN
n (φ(u), φ(v))φ(w) = φ(RM

m (u, v)w).

Prove that for every normal neighborhood U of m there exists a normal neighbor-
hood V of n and a local isometry f : U→V such that f(m) = n and Dmf = φ.

3.3. Construct a complete metric on the cylinder S1×(0, 1) which is locally symmetric
but not symmetric. Hint: consider the isomety A ∈ PO(1, 2) with axis a and
such that a(m1) = m2. What is H2/〈A〉? What can you say about the geodesic
reflection at [q]?
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