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Let L be a finite dimensional Lie algebra.
Define the adjoint map ad, : L — L for z in L.
Define what is meant by L being nilpotent.
Show that L is nilpotent if and only if ad, is nilpotent for all x in L.
2

Define what is meant by a Lie algebra L being soluble.
Show that all two dimensional complex Lie algebras are soluble.

Prove that all irreducible representations of a finite dimensional complex soluble Lie
algebra are one dimensional.

Define what is meant by a finite dimensional complex Lie algebra L being semisim-
ple.

Define the Killing form By, and show that it is non-degenerate.
Define what is meant by a Cartan subalgebra H of L.

Show that the restriction of By to any Cartan subalgebra H of L is also non-
degenerate.

Define what is meant by a representation of a Lie algebra being completely reducible.

Show that all finite dimensional representations of a semisimple finite dimensional
complex Lie algebra are completely reducible.
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State the classification of weighted Dynkin diagrams of irreducible root systems.

Define what is meant by a base A of a root system ® and define the Cartan matrix
of ® with respect to A.

Define the Weyl group of ®.

For the root system of type C5 construct the corresponding semisimple complex Lie
algebra. Describe its Weyl group. Sketch the root system showing the Weyl chambers.

Let L be a semisimple finite dimensional complex Lie algebra with Cartan subalge-
bra H.

Define what is meant by a primtive element of weight w where w lies in H*.

Show that for each w in H* there is an irreducible representation with a primitive
element of weight w.

Define the fundamental weights of L. Describe them in the case of sl3.
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