CONTENTS

Preface ix
Introduction 1
References 8
Differential equations, maps and asymptotic behaviour 11
2.1 Time evolution and dynamical systems 11
2.2 Stationary points 16
2.3 Periodic oscillations 20
2.4 Asymptotic behaviour and chaotic attractors 25
2.5 Entropy, Lyapunov exponents, dimension and the effect of small random per- 36
turbations ’
References 48
Transition from order to chaos ‘ 51
3.1 Bifurcations of dynamical systems 51
3.2 Local bifurcations and dependence of solutions on a parameter 54
3.3 Bifurcations and chaos in one-dimensional maps 61
3.3.1 Period-doubling sequences and universality 64
33.2 The U-sequence 1)
3.3.3 Chaotic behaviour 74
3.34 Intermittency 77
3.3.5 Crises and transient chaos 79
3.3.6 Circle maps . 81
3.3.7 Transition from quasiperiodicity to chaos 85
3.3.8 Transition from phase-locked dynamics to chaos 88
3.4 Transition to chaos in multidimensional systems 90
References 99
Numerical methods for studies of parametric dependences, bifurcations and chaos 103
4.1 Continuation of periodic orbits and their bifurcations 104
4.2 Lyapunov exponents from mathematical models 109
4.3 Computation of Poincaré sections for continuous orbits 113
4.4 Reconstruction of attractors from experimental time series 114
4.5 Lyapunov exponents from time series 115
4.6 Dimensions and entropies of attractors 117
4.7 Power spectra 120
References 123
Chaotic dynamics in experiments 126
5.1 Introduction 126

5.2 Nonlinear circuits 128



viii

5.2.1 Noise generator
5.2.2 Experiments on period-doubling
5.2.3  Other routes to chaos
5.3 Mechanical and electromechanical systems
5.4 Solid state systems '
5.4.1 Semiconductors
5.4.2 Josephson junctions
5.5 Chaos in nonlinear optics
5.6 Chaos in chemical systems
5.6.1 Routes to chaos in the BZ reaction
5.6.2 U-sequence in the BZ reaction
5.6.3  Periodic-chaotic sequence
5.6.4 Chaotic oscillations in other chemical systems
5.7 Chaotic oscillations in biological systems
5.8 Transition to turbulence in hydrodynamics
5.8.1 Taylor-Couette flow
5.8.2 Rayleigh-Bénard convection
5.8.3  Other fluid-dynamic systems
References
Forced and coupled chemical oscillators — a case study of chaos
6.1 Periodically forced continuous stirred tank reactor
6.1.1  Single pulse experiments — phase transition curves
6.1.2  Experiments with periodic pulses
6.1.3  Geometrical models for PTCs
6.1.4 Iterated PTCs — model for periodic forcing
6.1.5 Numerical computations and comparison with experiments
6.2 Coupled reaction-diffusion cells
6.2.1 Model of two coupled reaction-diffusion cells
6.2.2  Stationary solutions
6.2.3  Classification of periodic solutions and their bifurcations
6.2.4 Dependence of periodic solutions on D,
6.2.5 Behaviour of periodic solutions in the parameter plane (B, D))
6.2.6 Period-doublings and chaotic attractors
6.2.7 Intermittency, multiple attractor behaviour and crises
6.2.8. Lyapunov exponents, dimensions and power spectra
6.29 One-dimensional mapping
6.2.10 Transition from torus to chaos
6.2.11 Larger arrays of coupled cells
References
Chaos in distributed systems, perspectives
7.1 Introdwetion
7.2 Cellular automata
7.3 Coupled map lattices
7.4 Partial diffcrential equations
7.5 Perspectives
References
Appendix A Normal forms and their bifurcation diagrams
A.1 Dynamical systems on a line
A.2 Dynamical systems on a plane
References

Appendix B CONT - a program for construction of solution and bifurcation dia-

grams
Index

128
132
135
148
154
154
159
161
165
168
169
169
174
177
179
179
183
188
190
203
203
206
208
211
214
217
221
222
224
229
232
239
245
251
253
256
257
262
269
272
272
273
274
278
283
285
289
290
294
301
302

363



