Lie Algebras

by
Rolf Sulanke
November 20, 1999
Summary

In this notebook we define basic operations for Lie algebras and calculate the Killing forms of the following
Lie agebras:

the generd linear Lie algebras gl(n,K),

the special linear Lie agebrassl(n,K),

the orthogonal Lie algebras o(n),

the pseudo-orthogonal Lie agebraso(n, 1),
the symplectic Lie algebras sp(2n, K),

the unitary Lie algebras u(n),

the special unitary Lie algebras su(n).

Here K denotes the fields of the real or the complex numbers. Other real forms or complex Lie algebras can
be treated similarly; we leave the details to the interested user. Furthermore we construct an orthonormaliza-
tion procedure appropriate for arbitrary symmetric bilinear forms defined on spaces of matrices, in particu-
lar for Killing forms. By the help of this orthonormalization we calculate the index of the considered
Killing forms (in the real case), and compareit with theindex listed in[3]. It iswell known that the Killing
forms play an important role in the classification of semisimple Lie algebras and the geometric applications
of semisimple Lie groups, see e.g. the book S. HELGASON [1]. Applications for finding geodesicsin the

M 6bius geometry of spaces of m-spheres are contained in [2]. In principle the tools developed in this
notebook give the possibility to perform any calculation in the series of Lie algebras listed above.
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