Institut fiir Mathematik Mathematical
Pinkall / Knoppel School
http://www3.math.tu-berlin.de/geometrie/Lehre/WS17/DGII/ WS 17

TECHNISCHE UNIVERSITAT BERLIN m Berlin

Differential Geometry II: Analysis and Geometry on
Manifolds

Exercise Sheet 5

(Lie bracket, vector bundles, connections)

due 27.11.2017

Exercise 1 5 points
Calculate the commutator [X, Y] of the following vector fields on R? \ {0}:
T 0 Yy 0 0 0
X = — — Y =—y—+o—.
N N T Yor "oy

Write X and Y in polar coordinates (r cos ¢, rsing) — (7, ¢).

Exercise 2 5 points

Let M C RF be a smooth submanifold of dimension n. Let ¢: M < R* denote the
inclusion map. Show that the normal bundle NM = U,ep (T,M)+ C *TR* = M xRF

is a smooth rank k — n vector bundle over M.

Exercise 3 5 points

Let V; and W denote vector bundles with connections V* and V, respectively. Show
that the equation

(VXT)(Y1,....Y,) = Vx(T(Y1,....Yp)) = > T(Yi,..., VY, ... Y})

for T e (Vi @ --- @V ® W) and vector fields Y; € T'(V;) defines a connection V
on the bundle of multilinear forms Vj*® --- @ V> @ W.



