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résumé 41 commentary 41 exercises 43 references 44

3 Discrete time dynamics 46
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résumé 57 commentary 57 exercises 59 references 59

4 Local stability 61
4.1 Flows transport neighborhoods. . . . . . . . . . . . . . . . . . . 61
4.2 Linear flows. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
4.3 Stability of flows . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4.4 Neighborhood volume. . . . . . . . . . . . . . . . . . . . . . . 75
4.5 Stability of maps . . . . . . . . . . . . . . . . . . . . . . . . . . 77
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résumé 294 commentary 295 exercises 296 references 297



CONTENTS v

18 Cycle expansions 299
18.1 Pseudocycles and shadowing. . . . . . . . . . . . . . . . . . . . 299
18.2 Construction of cycle expansions. . . . . . . . . . . . . . . . . . 302
18.3 Cycle formulas for dynamical averages. . . . . . . . . . . . . . . 306
18.4 Cycle expansions for finite alphabets. . . . . . . . . . . . . . . . 309
18.5 Stability ordering of cycle expansions. . . . . . . . . . . . . . . 310
18.6 Dirichlet series . . . . . . . . . . . . . . . . . . . . . . . . . . . 313
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résumé 622 commentary 622 exercises 624 references 624

Epilogue 626

Index 630



CONTENTS ix

Part III: Appendices on ChaosBook.org

A A brief history of chaos 646
A.1 Chaos grows up. . . . . . . . . . . . . . . . . . . . . . . . . . . 649
A.2 Chaos with us. . . . . . . . . . . . . . . . . . . . . . . . . . . . 650
A.3 Periodic orbit theory . . . . . . . . . . . . . . . . . . . . . . . . 652
A.4 Death of the Old Quantum Theory. . . . . . . . . . . . . . . . . 654
commentary 657 references 658

B Linear stability 660
B.1 Linear algebra. . . . . . . . . . . . . . . . . . . . . . . . . . . . 660
B.2 Eigenvalues and eigenvectors. . . . . . . . . . . . . . . . . . . . 662
B.3 Stability of Hamiltonian flows . . . . . . . . . . . . . . . . . . . 667
B.4 Monodromy matrix for Hamiltonian flows. . . . . . . . . . . . . 668
exercises 670

C Implementing evolution 671
C.1 Koopmania . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 671
C.2 Implementing evolution. . . . . . . . . . . . . . . . . . . . . . . 673
commentary 676 exercises 676 references 676

D Symbolic dynamics techniques 678
D.1 Topological zeta functions for infinite subshifts. . . . . . . . . . 678
D.2 Prime factorization for dynamical itineraries. . . . . . . . . . . . 686

E Counting itineraries 690
E.1 Counting curvatures. . . . . . . . . . . . . . . . . . . . . . . . . 690
exercises 691

F Finding cycles 692
F.1 Newton-Raphson method. . . . . . . . . . . . . . . . . . . . . . 692
F.2 Hybrid Newton-Raphson/ relaxation method . . . . . . . . . . . 693

G Transport of vector fields 696
G.1 Evolution operator for Lyapunov exponents. . . . . . . . . . . . 696
G.2 Advection of vector fields by chaotic flows. . . . . . . . . . . . . 700
commentary 704 exercises 704 references 705

H Discrete symmetries of dynamics 706
H.1 Preliminaries and definitions. . . . . . . . . . . . . . . . . . . . 706
H.2 Invariants and reducibility . . . . . . . . . . . . . . . . . . . . . 712
H.3 Lattice derivatives. . . . . . . . . . . . . . . . . . . . . . . . . . 716
H.4 Periodic lattices. . . . . . . . . . . . . . . . . . . . . . . . . . . 719
H.5 Discrete Fourier transforms. . . . . . . . . . . . . . . . . . . . . 720
H.6 C4v factorization. . . . . . . . . . . . . . . . . . . . . . . . . . . 724
H.7 C2v factorization. . . . . . . . . . . . . . . . . . . . . . . . . . . 729
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