
Contents 

1 INTRODUCTION 
1.1 Where do ODES arise 

2 FUNDAMENTAL THEORY 9 
2.1 Introduction and Preliminaries . . . . . . . . . . . . . . . .  9 
2.2 Local Existence and Uniqueness of Solutions of I.V.P. . . .  12 

. . . . . . . . . . . . . . . . . . .  2.3 Continuation of Solutions 21 
2.4 Continuous Dependence Properties . . . . . . . . . . . . . .  24 
2.5 Differentiability of Initial Conditions and Parameters . . . .  27 

. . . . . . . . . . . . . . . . . . . .  2.6 Differential Inequalities 31 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.7 Exercises 35 

3 LINEAR SYSTEMS 41 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  3.1 Introduction 41 

. . . . . . . . . . . . . . . . . . . . .  3.2 Fundamental Matrices 42 
3.3 Linear Systems with Constant Coefficients . . . . . . . . . .  46 
3.4 Two-Dimensional Linear Autonomous Systems . . . . . . .  55 
3.5 Linear Systems with Periodic Coefficients . . . . . . . . . .  59 
3.6 Adjoint Systems . . . . . . . . . . . . . . . . . . . . . . . .  67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.7 Exercises 71 

4 STABILITY OF NONLINEAR SYSTEMS 77 
4.1 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
4.2 Linearization . . . . . . . . . . . . . . . . . . . . . . . . . .  79 

. . .  4.3 Saddle Point Property: Stable and Unstable Manifolds 88 
4.4 Orbital Stability . . . . . . . . . . . . . . . . . . . . . . . .  99 
4.5 Travelling Wave Solutions . . . . . . . . . . . . . . . . . . .  106 
4.6 Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 14 



vi CONTENTS 

5 METHOD OF LYAPUNOV FUNCTIONS 117 
5.1 An Introduction to Dynamical Systems . . . . . . . . . . .  117 
5.2 Lyapunov Functions [HI . . . . . . . . . . . . . . . . . . . .  124 

. . . . . . . . . . . . . .  5.3 Simple Oscillatory Phenomena: [HI 135 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.4 Exercises 138 

6 TWO-DIMENSIONAL SYSTEMS 143 
6.1 Poincar6-Bendixson Theorem . . . . . . . . . . . . . . . . .  143 

. . . . . . . . . . . . . . . . . . .  6.2 Levinson-Smith Theorem 154 
6.3 Hopf Bifurcation . . . . . . . . . . . . . . . . . . . . . . . .  163 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.4 Exercises 168 

7 SECOND ORDER LINEAR EQUATIONS 171 
7.1 Sturm's Comparison and Sturm-Liouville Boundary Value 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Problems 171 
. . . . . . . . . . . . . . . . . . . . . . . . . .  7.2 Distributions 179 

. . . . . . . . . . . . . . . . . . . . . . . .  7.3 Green's finction 181 
7.4 Fredholm Alternative for 2nd Order Linear Equations . . .  187 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.5 Exercises 189 

8 THE INDEX THEORY AND BROUWER DEGREE 193 
. . . . . . . . . . . . . . . . . . .  8.1 Index Theory in the Plane 193 

. . . . . . . . . .  8.2 Introduction to the Brouwer Degree in Rn 202 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.3 Exercises 206 

9 INTRODUCTION TO PERTURBATION METHODS 209 
. . . . . . . . . . . . . . . .  9.1 Regular Perturbation Methods 209 

. . . . .  9.2 Singular Perturbations : Boundary Value Problems 216 
. . . . . . .  9.3 Singular Perturbation : Initial Value Problems 221 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.4 Exercises 234 

BIBLIOGRAPHY 237 

INDEX 241 


