
Ma157a Riemannian Geometry
Fall 2014

Home Work Set 3

• Due date is 9 am, November 14 in 106 ANB (before class).
• HW3 has four problems. Collaborations are allowed but write

your own solution.

Problem 1. (do Carmo, p. 104, Ex.4) Let M be a Riemannian
manifold with the following property: given any two points p, q ∈ M ,
the parallel transport from p to q does not depend on the curve that
joins p to q. Prove that the curvature of M is identically zero, for all
vector fields X, Y, Z, R(X, Y )Z = 0.

Problem 2. (do Carmo, p.105, Ex.6) Let M be a Riemannian
manifold. M is a locally symmetric space if ∇R = 0, where R is thee
curvature tensor of M .

• (a) Let M be a locally symmetric space and let γ : [0, l) → M
be a geodesic of M . Let X, Y, Z be parallel vector fields along
γ. Prove that R(X, Y )Z ia a parallel field along γ.
• (B) Prove that if M is locally symmetric, connected, and has

dimension two, then M has constant sectional curvature.
• (c) Prove that if M has constant (sectional) curvature, then M

is locally symmetric space.

Problem 3. (do Carmo, p.119, Ex.3) Let M be a Riemannian
manifold with non-positive sectional curvature. Prove that, for all p,
the conjugate locus C(p) is empty.

Problem 4. (Lee, p.149, Ex.8) Let (M, g) be a Riemannian n−manifold
with constant sectional curvature C. Then the curvature endomor-
phism, curvature tensor, Ricci tensor and scalr curvature of g are given
by formulas:

R(X, Y )Z = C(< Y,Z > X− < X,Z > Y );
Rm(X, Y, Z,W ) = C(< X,W >< Y,Z > − < X,Z >< Y,W >);
Rc = (n− 1)Cg;
S = n(n− 1)C.
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