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We used recently developed mathematical techniques, Refs. [1], in combination with
a standard variational principle to formulate a new variational approach for large N gauge
theories. As a first step we concentrated on large N matrix models.

Matrices are said to behave as free non-commuting random variables if the action
which governs their dynamics constrains only their eigenvalues, i.e. depends on traces of
powers of individual matrices, cf., Ref. [1]. It has been possible to prove that the large N
master field for any matrix model can be constructed on the basis of the operator algebra
developed for free models, Ref. [2]. However, so far no dynamical principle has been
advanced in order to carry out this construction explicitely for interacting matrix and field
theories.

The new element in the present work was to use the free matrix models as the trial
variational space. Given the set of variables in terms of which the action is formulated,
one can give a complete solution of the variational problem in the space of free matrix
models by defining what we called the free partner of the exact action of the model.
The available variational freedom is even wider since one can first transform to a new
set of variables, Mi —* Mi(Bj). In the new Bi it is again possible to define the free
partner of the action and give the general variational solution. Thus the "art part" of
the proposed variational method is the choice of the optimal Bi or in other words of the
optimal parameters of the transformation Mi —*• Mi(Bj).

We used our method to find approximate variational solutions of several classes of
classical and quantum mechanical interacting matrix models with different types of in-
teractions. We compared the variational solutions with exact Monte Carlo and analytical
results and found impressive agreement in a majority of cases.
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