Contents

1 INTRODUCTION 1
1.1 Imtroduction . . .. .. ... ... ... .. ... . 1
2 PRELIMINARIES 7
2.1 Basic Concepts of Control Theory . . . .. . ... ... ... ..... 7
2.2 Some Basic Results of Nonlinear Functional Analysis . ... ... .. 20
3 EXACT CONTROLLABILITY OF NONLINEAR THIRD-ORDER
DISPERSION EQUATION ' 26
3.1 Introduction . . . ... ... .. ... .. 26
3.2 Existence of the solution operator W . . . .. ... ... .. ..... 28
3.3 Reduction of Controllability Problem into Solvability Problem . ... 32
34 MainResults . ... ... . ... o o o oo 33
3.5 Existence and uniqueness of the operator W by the method of Integral
Contractors . . . . . . . . . i i e 35
3.6 Controllability via Integral Contractor Méthod ............. 40

4 CONTROLLABILITY OF NONLINEAR INTEGRO-DIFFERENTIAL
THIRD ORDER DISPERSION SYSTEM 41

41 Introduction . . . . . . v i v e e e e e e e e e e e e e e e 41



4.2 Hypothesis and Formulation of problem . . . . . . ... ... ... .. 42

4.3 Controllability Result . . . .. ... ... ... ............. 44

TRAJECTORY CONTROLLARBILITY OF NONLINEAR INTEGRO-

DIFFERENTIAL SYSTEM 50
51 Imtroduction . . . ... ... ... .. 50
5.2  T-controllability of Finite-dimensional Systems . . ... .. .. ... 51
5.3 T-controllability of Infinite-dimensional Systems . . . . . ... ... . bb

EXACT CONTROLLABILITY OF GENERALIZED HAMMER-
STEIN TYPE INTEGRAL EQUATION WITH APPLICATIONS 61

6.1 Introduction

................................ 61
6.2 Assumptions and Estimates . . .. ... ... ... . ... ..., 63
6.3 Compactness of theoperator W . . . . .. ... ... ... .. .. ... 65
6.4 Exact Controllability . . . . . .. ... 70
6.5 Applications . . . . . . . . . .. e e 74

CONTROLLABILITY OF SINGULAR SYSTEMS USING o-TIMES
INTEGRATED SEMIGROUPS AND COSINE FUNCTIONS 81

7.1 Introduction . . . . . o . i e e e e e e e e 81

7.2 Solution of Singular differential equation in terms of Semigroup operator 82
7.3 Controllability Result via a-times Integrated Semigroup. . . . . . .. 85
7.4 Solution of Singular Differential Equation in Terms of Cosine Function 87
7.5 Controllability Result via a—times Integrated Cosine Function . . . . 93

CONTROLLABILITY OF SECOND ORDER SEMI-LINEAR NEU-
TRAL FUNCTIONAL DIFFERENTIAL INCLUSIONS WITH NON-

ii



LOCAL CONDITIONS IN BANACH SPACES 96

81 Introduction . . . .. ... ... . ... ... 96

8.2 Definitions and Hypotheses . . ... ... ... ... ......... a8

8.3 Controllability Result . . . . . ... ... ... ... . ..., .. 101

84 Example . . . . . e e e e e e 108
BIBLIOGRAPHY 110
SUMMARY

i



