II.

III.

Iv.

CONTENTS

INTRODUCTION

1. Examples of Nonlinear Systems

2. Definition of a Nonlinear System
3. Methods of Analysis

PHASE-PLANE ANALYSIS

1.

2.
3.
4.

Introduction

Linear Second-Order Systems
Nonlinear Second-Oxrder Systems
Global Phase-Plane Analysis

STABILITY OF NONLINEAR SYSTEMS

VT NN -

Definition of Stability

Stability of Linear Systems

Local Stability of Nonlinear Systems
Liapunov's Direct Method

Popov Frequency Method

LIMIT CYCLES AND AMPLITUDE BOUNDS

[ P P S I

Limit Cycles

Index

Existence of Limit Cycles
Boundedness and Ultimate Boundedness

Amplitude Bounds for Second-Order Systems

Liapunov-Like Methods for Bounds

APPROXIMATION METHODS

Introduction
Existence of Periodic Solutions

Quasilinear Systems - Approximation Methods

Perturbation methods

Averaging methods

Equivalent linearization method
Singular Perturbation Method
Other Approximation Methods

[Ny, Fe

112

112
114
119
120
127
134
140
150



VI. DIGITAL COMPUTER METHODS

1. Introduction
2. Picard's Iterates
3. Numerical Integration Methods
The case p = 0
The general case
Predictor-corrector methods
4. Runge-Kutta Type Methods
The case m = 2
The general case
The Runge-Kutta starter
S. Comments on Numerical Solutions
APP. A. O AND o SYMBOLS
APP. B. MATRIX ALGEBRA
1. The Function exp(At)
2. Diagonalization of a Matrix
REFERENCES
INDEX

152

152
157
167
168
173
176
181
181
188
191
192

195

197

197
200

202

212



