
Contents

1.1 Ordering
1.2 Asymptotic Sequences and Expansions
1.3 Limit Process Expansions, Matching, General Asymptotic Expansions

Chapter 2
Limit Process Expansions Applied to Ordinary
Differential Equations

2.1 Linear Oscillator: Regular Perturbation
2.2 Linear Oscillator: Singular Problem
2.3 Linear Singular Perturbation Problems with Variable Coefficients
2.4 Theorem of Erdelyi, Rigorous ResuIts
2.5 Model Nonlinear Example for Singular Perturbations
2.6 Relaxation Oscillations of the van der PoI Oscillator
2.7 Singular Boundary Problems
2.8 Higher-Order Example: Beam String

Chapter 3
Multiple-Variable Expansion Procedures

3.1 Method of Strained Coordinates (Lindstedt's Method) for
Periodic Solutions

3.2 Two-Variable Expansion Procedure, Weakly Nonlinear Autonomous
Systems of Second Order

3.3 Second Order Equations with Variable Coefficients
3.4 Applications to Satellite Problems
3.5 Higher Order Problems

1
3
7

17

17
20
28
52
56
67
83
97

105

106

115
151
171
211

IX



x Contents

3.6 Strongly Nonlinear Oscillations, The Method of Kuzmak-Luke
3.7 Summary of Other Solution Techniques

264
278

Chapter 4
Applications to Partial Differential Equations 330

330
370
387

4.1 Limit-Process Expansions for Second-Order Partial Differential Equations
4.2 Boundary-Layer Theory in Viscous Incompressible Flow
4.3 Singular Boundary-Value Problems
4.4 Multiple- Variable Expansions for Second-Order Partial

Differential Equations 448

Chapter 5
Examples from Fluid Mechanics 481

481
505
519

5.1 Weakly Nonlinear One-Dimensional Acoustics
5.2 Small Amplitude Waves on Shallow Water
5.3 Expansion Procedures ofThin Airfoil Theory at Various Mach Numbers

Bibliography 546

Author Index 547

Subject Index 549

Chapter 1

Introduction

1.1 Ordering

We will use the conventional Of<
the relative order of magnitude (
tions are straightforward, we nee
of real variables. In the definitiom
of the variable x (which may be
variable x ranges over some dom

Large O

Let x be fixed. We say cp = 0(1
k(x) 11/1I for all 8 in l. Similarly, if t
as 8 -+ 80 if there exists a k(x) an(
k(x) 11/1I for all 8 in the intersectiOl

We note that if 1/1does not vani
definitions simply reduces to the ~

Sma/l o

Again with x fixed, we say cp =
exists a neighborhood N,¡ of 80 su
also the definition simplifies to tl
Often, cp ~ 1/1is used as an equiva

Uniformity

As indicated in the above definl
hoods N, N,¡ will, in general, deper
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