LIE ALGEBRAS: HOMEWORK 4
DUE: 27 APRIL 2010

Assume that F is an algebraically closed field of characteristic zero and that L is a finite
dimensional Lie algebra over F.

(1) Let L be a nilpotent Lie algebra. Prove that the Killing form of L is identically zero.

(2) Prove that a Lie algebra L is solvable if and only if [L, L] lies in the the kernel of the
Killing form.

(3) Let L be the two dimensional non-abelian Lie algebra. Show that L is solvable. Prove
that the Killing form of L is non-trivial.

(4) Let L = sly(F). Compute the basis of L dual to the standard basis {e, h, f} relative
to the Killing form.
(5) Let L = sl,,(IF), and let g € GL,(F). Define a map
¢g:L— L
v —gatgT

where z' is the transpose of z. Prove that ¢, is a Lie algebra automorphism of
L = sl,,(IF). First show that this map well-defined (i.e ¢,(L) C L).

13 April 2010



