


Contents

List of Symbols

Chapter 1
Overview and Basic Concepts

1.1. An Introductory Note
*1.2. Transformation Theory of Mechanics
*1.2a. Canonical Transformations
*1.2b. Motion in Phase Space
*1.2c. Action-Angle Vanables
1.3. Integrable Systems
*1.3a. One Degree of Freedom
1.3b. Linear Differential Equations
1.3c. More than One Degree of Freedom
*1.4. Near-Integrable Systems
*1.4a. Two Degrees of Freedom

*1.4b. More than Two Degrees of Freedom
1.5. Dissipative Systems
1.5a. Strange Attractors
1.5b. The Lorenz System

Chapter 2 _
Canonical Perturbation Theory

2.1. Introduction
2.1a. Power Series

*Starred sections indicate core matenal.

XVil

63

63
66



Xi1 Contents
2.1b. Asymptotic Series and Small Denominators 68
2.1c. The Effect of Resonances 70
*2.2. Classical Perturbation Theory 71
*2.2a. One Degree of Freedom 71
*2.2b. Two or More Degrees of Freedom 76
2.3. Adiabatic Invariance 85
*2.3a. Introduction and Basic Concepts 85
*2.3b. Canonical Adiabatic Theory 88
*2.3c. Slowly Varying Harmonic Oscillator 92
2.3d. Noncanonical Methods 94
2.4. Secular Perturbation Theory 100
*2.4a. Removal of Resonances 101
*2.4b. Higher-Order Resonances 107
*2.4c. Resonant Wave—Particle Interaction 112
2.4d. Global Removal of Resonances 119
2.5. Lie Transformation Methods 123
2.5a. General Theory 125
2.5b. Deprit Perturbation Series 126
2.5¢. Adiabatic Invariants 130
2.6. Superconvergent Methods 138
2.6a. Kolmogorov’s Technique 141
2.6b. Singly Periodic Orbits 143
Chapter 3
Mappings and Linear Stability 150
*3.1. Hamiltonian Systems as Canonical Mappings 151
*3.1a. Integrable Systems 151
*3.1b. Near-Integrable Systems 155
*3.1c. Hamiltonian Forms and Mappings 157
*3.2. Generic Behavior of Canonical Mappings 158
*3.2a. Irrational Winding Numbers and KAM Stability 159
*3.2b. Rational Winding Numbers and Their Structure 168
*3.2¢c. Complete Description of a Nonlinear Mapping 172
*3.2d. A Numerical Example 176
3.3. Linearized Motion 178
3.3a. Eigenvalues and Eigenvectors of a Matrix - 179
*3.3b. Two-Dimensional Mappings | 183
*3.3c. Linear Stability and Invariant Curves 186
*3.4. Fermi Acceleration 190
*3.4a. Physical Problems and Models 191
*3.4b. Numerical Results 194
*3.4c. Fixed Points and Linear Stability 198
*3.4d. Bifurcation Phenomena 201
*3.4¢. Hamiltonian Formulation 205
*3.5. The Separatrix Motion 206
*3.5a. Driven One-Dimensional Pendulum 208

*3.5b. The Separatrix Mapping 211



Contents

Chapter 4
Transition to Global Stochasticity

*4.1. Introduction
*4.1a. Qualitative Description of Criteria
*4.1b. The Standard Mapping

*4.2. Resonance Overlap
*4.2a. Rationale for Criteria

*4.2b. Calculation of Overlap Criteria
4.3. Growth of Second-Order Islands

4.3a. Elliptic Fixed Points
4.3b. The Separatrix
*4.4. Stability of High-Order Fixed Points
*4.4a. Basic Elements of Greene’s Method
*4.4b. Numerical Evaluation
4.5. Renormalization for Two Resonances
4.6. Vanational Principle for KAM Tori
*4.7. Qualitative Summary and Conclusions

Chapter 5
Stochastic Motion and Diffusion

5.1. Introduction
5.2. Definitions and Basic Concepts
*5.2a. Ergodicity
*5.2b. Liapunov Characteristic Exponents
- 5.2¢. Concepts of Stochasticity
5.2d. Randomness and Numerical Errors
5.3. Determination of Liapunov Exponents and KS Entropy
5.3a. Analytical Estimates
5.3b. Numerical Methods
5.4. Diffusion in Action Space
*3.4a. The Fokker-Planck Equation
*5.4b. Transport Coefficients
*5.4c. Steady-State and Transient Solutions
5.4d. Higher-Order Transport Corrections
5.5. The Effect of Extrinsic Stochastic Forces
5.5a. Introduction
5.5b. Diffusion in the Presence of Resonances

Chapter 6
Three or More Degrees of Freedom

*6.1. Resonance in Multidimensional Oscillations
*6.1a. Geometric Relations

*6.1b. Examples of Arnold Diffusion

X111

214

214
215
218
226
226
227
232
232
236
239
239
243
249
256
257

259

259
260
260
262
268
273
277
279
280
285
286
289
291
293
300
300
303

309

309
310
316



Xiv

6.2. Diffusion Rates along Resonances
*6.2a. Stochastic Pump Diffusion Calculation
6.2b. Coupling Resonance Diffusion

6.2c. Many Resonance Diffusion
6.2d. Modulational Diffusion

6.3. Extrinsic Diffusion
6.3a. Resonance Streaming
6.3b. Diffusion of a Parameter
6.4. Diffusion in Toroidal Magnetic Fields
6.4a. Magnetic Islands
6.4b. Dnft Surfaces and Diffusion in Static Fields
6.4c. Time-Varying Fields
6.4d. The Sclf-Consistent Problem
6.5. Many Degrees of Freedom

Chapter 7
Dassipative Systems

7.1. Simple and Strange Attractors

7.1a. Basic Properties

7.1b. Examples of Strange Attractors

1.1c. Geometric Properties of Strange Attractors
7.2. One-Dimensional Noninvertible Maps

7.2a. Basic Properties

7.2b. Periodic Behavior

7.2c. Chaotic Motion
7.3. Two-Dimensional Maps and Related Flows

7.3a. Period-Doubling Bifurcations

7.3b. Motion near a Separatrix

7.3c. Calculation of Invariant Distributions
7.4. The Fluid Limit

7.4a. Fourier Mode Expansions

7.4b. The Transition to Turbulence

Appendix A
Applications

A.l. Planetary Motion

A.2. Accelerators and Beams

A.3. Charged Particle Confinement
A.4. Charged Particle Heating

A.5. Chemical Dynamics
A.6. Quantum Systems

Contents

322

322
330
333
335
344
345
351
356
357
363
366
372
375

380

380
381
386
392
396
396
399
411
422
422
426
434
442
443
447

453

453
455
457
459
461
462



Contents XV

Appendix B

Hamiltonian Bifurcation Theory 464
Bibliography 471
Author Index | 483

Subject Index 489



	page1
	page2
	page3
	page4
	page5
	page6

