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ABSTRACT 

Interpretation and Application of Element 's of 

Differential Geometry and Lie Theory 

by 

James R. Brannan, Master of Science 

Utah State University, 1976 

Major Professor: Dr. Clyde Martin 
Department: Mathern a tics 

lV 

Basic concepts of differential geometry and Lie th eo ry are 

introduced. Lie transformation g roups are applied to linear systems of 

differ e ntial 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. 
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CHAPTER I 

INTRODUCTIO N 

The objective of this thesis is to extract viable concep ts from 

diff eren tial geometry and Lie theory which will be of use in the treat­

ment of real problems . The main topics considered are the differentiable 

111anifold, Lic- transformation groups, Harniltonian systerns, and tlw 

linear state-regulator problern. It is the manifold conslruct which links 

these topi cs, 

The second chap t e r d e velops the idea of differentiable manifolds. 

Then, by atta c hing vector spaces to each point in the manifold, new 

manifolds, calle d vector bundles, are constructe d. This allows one to 

cons ider c ross-s ec tions, which are maps from the original manifold to 

the vector bundle. Specific examples of cross-sections that will be intro­

du ce d are ve ctorfields, c ovectorfi e ld s , and more gene r a lly, tens orfields. 

Emphasis is given to local c oordinate representations of tensorfields in 

order to develop son1e familiarity in working with these functions which 

are widely used in physics and continuum. mechanics . 

In r,hapter ~hree 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 

beco1nes a Lie transfonnation group. While matrix Lie groups are the 


