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ABSTRACT
Interpretation and Application of Elements of
Differential Geometry and Lie Theory
by
James R. Brannan, Master of Science
Utah State University, 1976
Major Professor: Dr. Clyde Martin
Department: Mathematics
Basic concepts of differential geometry and Lie theory are

introduced. Lie transformation groups are applied to linear systems of
differential equations and the problem of describing rigid body orientation.
Linear Hamiltonian systems are then treated as a Lie system of differ-
ential equations. This theory is applied to a particular Hamiltonian
system arising from a problem in control theory, the linear state regula-
tor problem.

(40 pages)




CHAPTER 1

INTRODUC TION

The objective of this thesis is to extract viable concepts from
J i
differential geometry and Lie theory which will be of use in the treat-
ment of real problems The main topics considered are the differentiable
I I

manifold, Lie transformation groups, Hamiltonian systems, and the

linear state-regulator problem. It is the manifold

construct which links

these topics.

A gl

I'he second chapter develops the idea of differentiable manifolds.
Then, by attaching vector spaces to each point in the manifold, new
manifolds, called vector bundles, are constructed. This allows one to
consider cross-sections, which are maps from the original manifold to
the vector bundle. Specific examples of cross-sections that will be intro-
duced are vectorfields, covectorfields, and more generally, tensorfields.
Emphasis is given to local coordinate representations of tensorfields in
order to develop some familiarity in working with these functions which
are widely used in physics and continuum mechanics.,

In chapter three a group structure is assigned to manifold point
sets. When the group elements are associated with transformations
which act on a space in a continuous way, the group-manifold structure

becomes a Lie transformation group. While matrix Lie groups are the




