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Reading instructions. A basic familiarity with smooth manifolds is part
of the background knowledge for this course. A thorough treatment of this
material can be found in Chapters 1–11 of Lee’s book [2]. A more con-
cise presentation is in Chapters 1–2 of O’Neill’s book [3]. An even shorter
introduction can be found in Chapter 1 of Bär’s lecture notes [1].

In the first lecture we covered the Levi-Civita connection, parallel trans-
lation, and geodesics corresponding to Chapter 3, pages 54–73 in O’Neill [3].
This material can be also be found in Chapters 1–3 of the lecture notes [4],
and in Chapter 2 of [1].

Exercises.

(1) (Background on smooth manifolds: O’Neill [3] problems 1.14 (p.33);
2.3, 2.6 (p.52).)

(2) The Levi-Civita connection and parallel translation: O’Neill [3] prob-
lems 3.2, 3.3, 3.17, 3.19 (p.92-96).

(3) Geodesics in the hyperbolic plane.
a) Calculate the Christoffel symbols of gH = y−2(dx2+dy2) defined

on H = {(x, y) ∈ R2 | y > 0} and find at least one geodesic.
b) Prove that translations in x are isometries; that dilations (x, y) 7→

c(x, y), 0 < c ∈ R, are isometries; and that the inversion

(x, y) 7→ (x,y)
x2+y2

is an isometry.

c) Prove that isometries map geodesics to geodesics, and use a)
and b) to construct all geodesics on (H, gH).
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