Effective computation of algebra of derivations of Lie algebras^1

L.M. Camacho^2 J.R. Gómez^2 R.M. Navarro^3 I. Rodríguez^4

Abstract

The knowledge of the algebra of derivations, Der(g), of a Lie algebra g allows to study many geometrical properties of g. Moreover, Der(g) has also applications to other problems in many branches of science (Riemannian geometry, symmetries of differential equations, dynamical systems, quantum mechanics, theory of relativity...).

The computation of algebras of derivations for the Lie algebras is a very difficult problem. Up to now, the problem has been tried only for low dimensional Lie algebras or searching an adequate graduation of the algebra which allows to simplify the computations.

We develop a method for the computation of the algebra of derivations of Lie algebras which is adequate for the nilpotent case, specially when the nilindex is small.

Using that method we obtain the space of derivations, Der(g), for the (n�4)- filiform Lie algebras of dimension n, for any n. This is the only family of nilpotent Lie algebras with nilindex 4 which is known up to now.

In this work, we show a program using of the software M athematica 3.0 to determine the space of derivations of any Lie algebra and, in particular, we apply this method and this program to a special class of Lie algebras, that is, one family of (n � 4)-filiform Lie algebras.

1Partially supported by the PAICYT, FQM143, of the Junta de Andalucía (Spain). 2Dpto. Matemática Aplicada I. Univ. Sevilla. Avda. Reina Mercedes S.N. 41012 Sevilla (Spain).

E-mail: lcamacho@euler.fie.us.es, jrgomez@cica.es 3Dpto. de Matemáticas. Univ. de Extremadura. Avda. de la Universidad S.N. 10071 Cáceres (Spain). E-mail: rnavarro@unex.es

4Dpto. Matemáticas. Escuela Politécnica Superior, Universidad de Huelva. Huelva (Spain). E-mail: rodgar@uhu.es