
Math 6490

LIE GROUPS and
LIE ALGEBRAS

Instructor: E. B. DYNKIN

This is an introduction to the theory of Lie groups and algebras and their linear
representations — a fundamental part of many branches of Mathematics (algebra,
differential and algebraic geometry, topology, harmonic analysis, differential equa-
tions...) and an important tool in modern Physics . Only a basic knowledge of
mathematical analysis and linear algebra is required. Elements of theory of differ-
entiable manifolds will be introduced as needed.

The following topics will be covered.

1.Lie groups as a tool for treating symmetries in Physics. Applications to the
elementary particles theory.

2. The groups of real and complex matrices and their classical subgroups. The
corresponding Lie algebras. Exponential mapping.

3. General concept of a Lie algebra. Construction of the corresponding Lie group
via the Campbell-Hausdorff-Dynkin formula.

4. Algebras of differential operators and groups of transformations of a differen-
tiable manifold.

5. Universal Lie algebra.
6. Invariant tensor fields on homogeneous spaces. The Laplace-Beltrami opera-

tors.
7. Geometric integration theory.
8. Compact Lie algebras.
9. Solvable, simple and semi-simple Lie algebras
10. Structure of semisimple Lie algebras. Root systems. Simple roots. Dynkin

and enhanced Dynkin diagrams.
11.The Weyl and Coxeter groups. The core groups of simple Lie algebras. Weyl

orbits and nilpotent orbits.
12. Linear representations of semisimple groups. Description of an irreducible

representation by the highest weight. Casimir element and weight multiplicities.
Weyl’s character formula.
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