Lie Groups and Lie Algebras

Homework 3

Due on October 14

1. Factorize the matrix

6 1 3 =2

4 2 1 1
g =

21 2 2

00 -1 1

as a product g = nwb, where n is an upper triangular matrix with 1's on the diagonal, 7 is
a permutation matrix and b is upper triangular.

2. (a) Show that
T ={cosf +isinf | 0 € R}

is a maximal torus of
SUQ2)={a+bitcj+dkcH|a®>+b*+c+d* =1}
(b) Show that the set of matrices of the form

cos —sinf O
sinf cosf O
0 0 1

is a maximal torus of SO(3).
(c) Show that the set of matrices of the form

cosff —sinf O 0
sinf  cosf 0 0
0 0 cosp —singp
0 0 sinp  cos¢

is a maximal torus of SO(4).
3. Let G be a Lie group. Show that the following are Lie groups:

(a) The connected component of the identity Gy.
(b) The center of G,

Z(G)={2€ G| zg=gzforall g € G}.
(c) The kernel of any Lie group homomorphism f: G — H.



