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Abstract: Quasi-exactly solvable Schrόdinger operators have the remarkable
property that a part of their spectrum can be computed by algebraic methods. Such
operators lie in the enveloping algebra of a finite-dimensional Lie algebra of first
order differential operators - the "hidden symmetry algebra." In this paper we
develop some general techniques for constructing quasi-exactly solvable operators.
Our methods are applied to provide a wide variety of new explicit two-dimensional
examples (on both flat and curved spaces) of quasi-exactly solvable Hamiltonians,
corresponding to both semisimple and more general classes of Lie algebras.

1. Introduction

The spectral problems of non-relativistic quantum mechanics fall within two
general categories. In the first category, we have the small number of so-called
exactly solvable problems, that is Schrόdinger operators whose entire spectrum
can be determined by algebraic methods. The simplest example of such a problem
is given by the harmonic oscillator. In the second category, we have the
Schrόdinger operators whose complete spectrum cannot be computed exactly, but
only approximated numerically at the very best.

Over the past decade, there has been a fair amount of interest in trying to
construct physically significant systems which may not be exactly solvable, but for
which part of the spectrum can be computed exactly by algebraic methods. In the
early 1980's, Alhassid, Gϋrsey, lachello, Levine and collaborators, [1, 3,12] intro-
duced the concept of a "spectrum generating algebra" to construct models for
complicated molecules whose point spectrum could be analyzed algebraically.
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