
Contents

Preface ix

1 Introduction to Ordinary Differential Equations 1
1.1 Existence and Uniqueness . . . . . . . . . . . . . . . . . . . 1
1.2 Types of Differential Equations . . . . . . . . . . . . . . . . 6
1.3 Geometric Interpretation of Autonomous Systems . . . . . . 8
1.4 Flows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.5 Reparametrization of Time . . . . . . . . . . . . . . . . . . 16
1.6 Stability and Linearization . . . . . . . . . . . . . . . . . . . 20
1.7 Stability and the Direct Method of Lyapunov . . . . . . . . 28
1.8 Manifolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

1.8.1 Introduction to Invariant Manifolds . . . . . . . . . 34
1.8.2 Smooth Manifolds . . . . . . . . . . . . . . . . . . . 43
1.8.3 Tangent Spaces . . . . . . . . . . . . . . . . . . . . . 52
1.8.4 Change of Coordinates . . . . . . . . . . . . . . . . . 60
1.8.5 Polar Coordinates . . . . . . . . . . . . . . . . . . . 65

1.9 Periodic Solutions . . . . . . . . . . . . . . . . . . . . . . . 82
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