Index

Bunimovich!billiard—seestadium chaology—seechaos coding—seesymbolic

dynamics critical!point—seeequilibrium point cycle—seeperiodic

orbit cycle

point—seeperiodic point Danish

pastry—seesymbol plane dof—seedegree of

freedom equivariant—seerelative index!Maslov—seetopological index Jacobian!matrix—seefundamental matrix KS—seeKustaanheimo-

Stiefel libration

orbit—seeself– retracing logistic

map—seeunimodal Maslov

index—seetopological index Morse

index—seetopological index map!logistic—seeunimodal eigenstate—seeeigenfunction equilibrium!measure—seenatural measure stability!exponent—seeFloquet exponent stability

eigenvalue—seeFloquet multiplier Gauss!shift—seeGauss map matrix!of

variations—see“stabmat neutral—seemarginal ODE—seeordinary

differential equations PDE—seepartial

differential equations path

integral!stochastic—seeWiener integral pinball—see3-disk primitive

cycle—seeprime cycle periodic

point—seecycle point quantum

chaology—seechaos, quantum recurrence!time—seereturn

time Ruelle!zeta

function—seedynamical zeta function SRB measure—seenatural measure Sinai-Bowen-Ruelle

measure—seenatural measure survival

probability—seeescape rate saddle

point—seestationary phase stability!neutral—seemarginal stability!multiplier—seestability eigenvalue stagnation

point—seeequilibrium point phase

space—seestate space stationary!point—seeequilibrium point steady

state—seeequilibrium point stochastic!path

integral—seeWiener integral time!ceiling

function—seeceiling function UPO (Unstable Periodic Orbit)—seeperiodic orbit visitation

sequence—seeitinerary Wentzel-“-Kramers- “- Brillouin—seeWKB zeta

function!Ruelle—seedynamical abscissa

absolute conv., 324 conditional conv., 325 accelerator mode, 393 action, 468, 483, 493

helium, 578 relation to period, 587 admissible

periodic points, 210 trajectories, number of, 207 Airy

equation, 474 function, 474 Airy function, 474, 477, 567, 570, 575 at a bifurcation, 477 Airy integral, 474 alphabet, 162 alternating

binary ordering, 181 alternating binary tree, 204 analyticity

domain, 247 anomalous diffusion, 401 Anosov flows, 195 antiharmonic extension, 668 arc, 180 area

preserving map, 721 area preserving

Hénon map, 84 Artin-Mazur zeta function, 217 attractor, 36

basin, 36 Hénon, 58 strange, 36, 40, 150 Aubry-Mather theory, 539 autonomous flow, 39, 299 average

space, 129 time, 129 averages

chaotic, 371 averaging, 29

space, 144 time, 142 Axiom A, 287

systems, 281 baker’s map, 96 Balmer spectrum, 456 basin of attraction, 36 BER approximation, 382 Bernoulli

polynomials, 268 shift, 268, 381 Bessel function, 558

addition theorem, 560 bi-infinite itinerary, 178 bifurcation

Airy function approximation, 477 bizarre, 667 generic, 96 Hopf, 431 saddle-node, 55 billiard

map, 93 stadium, 91 billiards, 91, 96, 796

stability, 94, 116 binary

prime cycles, 167 symbolic dynamics

collinear helium, 581 tree, alternating, 204 binary ordering

alternating, 181 Birkhoff

ergodic theorem, 129 Birkhoff coordinates, 11 block

finite sequence, 179 block, pruning, 180 Bohr

– de Broglie picture, 456 -Sommerfeld quantization, 456, 521, 647 helium, 577, 588 Uetli Schwur, 646 Bohr-Sommerfeld quantization, 474 Boltzmann

equation, 407 Boltzmann, L, 24 boredom, 349, 621 Borges, J.L., 621 840

INDEX 841

bounded operators, 735 Bourbaki, N., 54 Bowen, R., 26 brain, rat, 2, 27 branch cut, 365

singularity, 367 Bunimovich

billiard, see stadium Burnett coefficient, 398

canonical

transformation, 82 canonical transformation, 82 canonical transformations, 652 Cartwright M.L., 641 Cauchy criterion, 733 caustic, 487 ceiling function, 244, 287 center, 65 center manifold, 423 center of mass, 307 chain rule

matrix, 731 change

of coordinates, 102 chaology, see chaos chaos, 5, 6

caveats, 8 deterministic, 25 diagnostics, 42 quantum, 25 skeleton of, 11, 13 spatiotemporal, 412 successes, 8 character

orthonormalitity, 713 representation, 698 characteristic

exponent, 64 function, 124 polynomial, 213 value, 64 characteristic equation, 65 chicken heart palpitations, 5 circle map

critical, 434 coarse-graining, 124 coding, see symbolic dynamics collinear helium, 458

symbolic dynamics, 581 combinatorics

teaching, 172 complete

N-ary dynamics, 163 complexity

algorithmic, 226 confession

C.N. Yang, 128 Kepler, 638 St. Augustine, 123 conjugacy, 103

invariant, 120 smooth, 102, 112, 120, 796 topological, 173 connection formulas, 474 conservation

equation, 504 phase space volume, 83–85, 134 continuity

equation, 134 continuity equation, 131, 485, 504, 507 contour integral, 252 contracting

Floquet multipliers, 114 flow, 36, 40, 70 map, 77, 184 stability eigenvalues, 236 contraction

state space

Rössler, 76 convergence

abscissa of, 325 mediocre, 726 radius, 247 super-exponential, 273, 527 convexity, 156 coordinate

change, 102, 103, 796 longitudinal, 495 transformations, 112 Copenhagen School, xiv, 646 correlation

decay

power law, 360 function, 284 spectrum, 284 time, 338 cost function, 528 covering

symbolic dynamics, 178 creeping

1-disk, 568 critical

point, 116, 170, see equilibrium point value, 171, 396 cumulant

expansion, 212, 215, 314

Plemelj-Smithies, 739 curvature

correction, 311

ChaosBook.org/version11.9.1, Apr 24 2007 concl.tex 23oct2003

842 INDEX

expansion, 28, 311 cycle, 11, see periodic orbit expansion, 19, 311, 520 3-disk, 329 finite subshift, 319 Lyapunov exponent, 319 stability ordered, 321 fundamental, 213, 311, 724 limit, 150 Lyapunov exponent, 115 marginal stability, 61, 117 point, 179 prime, 179, 229, 238, 291 3-disk, 537 Hénon map, 530 pruning, 220 Rössler system, 292 stability, 113

Gauss map, 443 stable, 116 superstable, 116 unstable, 13 weigth, 250 cycle point, see periodic point cycles

Rössler system, 305 cyclic

invariance, 292 symmetry, 210 cyclic group, 714

damped Newton’s method, 295 Danish pastry, see symbol plane de Broglie wavelength, 479 Debye approximation, 575 decay

rate, 257 rate of correlations, 284 degree of freedom, 8, 79, 428, 469 delta function

Dirac, 126, 463, 798, 821 density, 124, 504

evolution, 24 phase space, 134 density of states

average, 516 Green’s function, 464 quantum, 464 determinant

Fredholm, 742 graph, 225 Hadamard, 247 spectral, 23, 212, 247

for flows, 249 trace relation, 212 trace-class operator, 736 deterministic

dynamics, 34 deterministic dynamics, 5 deterministic flow, 130 differential equations

ordinary

almost, 44, 791 diffraction

Green’s function, 605 Keller, 613 Sommerfeld, 613 diffusion

anomalous, 401 constant, 146 equation, 505 Diffusion Limited Aggregates, 27 dihedral group, 714 dike map, 174, 185 dimension

box counting, 351 fractal, 351 generalized, 9 information, 351 intrisic, 8, 428 Dirac delta derivatives, 138 Dirac delta function, 21, 125, 126, 138, 148, 217, 238, 466, 488, 500, 505, 798, 821 Dirac path integral, 498 Dirichlet series, 324 dissipative

map, 77, 184 divergence rate

local, 153 divergence ultraviolet, 518 dof, see degree of freedom doubling map, 280 Duffing

undamped, 80 Duffing oscillator, 38, 49 Duffing system, 41 dynamical

system, 33, 34

deterministic, 34 gradient, 44, 792 smooth, 34 systems

equivalent, 111 transitivity, 209 zeta function, 18, 251

Euler product rep., 251 dynamical system

infinite, 430 smooth, 19, 20, 28, 224, 641, 761, 763, 765 dynamics

concl.tex 23oct2003 ChaosBook.org/version11.9.1, Apr 24 2007

INDEX 843

deterministic, 5 hyperbolic, 165 irreversible, 37 reversible, 37 spatiotemporal, 25 stochastic, 5 symbolic, 10, 162, 178 symmetry, 712 topological, 162, 178, 179

edge, 180 eigen-direction, 61 eigenfunction

Perron-Frobenius operator, 266 energy, 461 eigenfunctions

Perron-Frobenius, 266 eigenstate, see eigenfunction eigenvalue, 66, 257

Perron-Frobenius operator, 266 exponential spacing, 248 zero, 474, 492 Einstein

diffusion formula, 506 elastic

scattering, 543 elliptic

stability, 84 enemy

thy, 361 English

plain, 178 ensemble

microcanonical, 156 entire function, 266 entropy

barrier, 326 Gauss map, 452 topological, 6, 208, 222, 225 equation

of variations, 60 equilibria

Kuramoto-Sivashinsky, 419 equilibrium

measure, see natural measure point, 39, 67, 128, 420, 532 Rössler system, 45, 67, 793 stability, 796 equivalence

of dynamical systems, 111 equivariant, see relative ergodic

average, 129 theorem

multiplicative, 156 theory, 129 escape

intermittency, 370 rate, 13, 14, 147, 148, 269, 314, 319, 329, 335 rate, 3-disk, 318, 333 rate, vanishing, 318 rate,3-disk, 330 essential

spectral radius, 276 spectrum, 275 essential spectral radius, 285 Euler

formula, 63, 268, 810 limit, 68 product, 68, 255 product rep.

dynamical zeta function, 251 totient function, 436 Euler-MacLaurin

formula, 284 Eulerian

coordinates, 35, 61, 66 evolution

group, 44, 791 kernel

probabilistic, 130 operator, 21, 149

quantum, 463 semigroup, 150 expanding

Floquet multipliers, 114 stability eigenvalues, 236 expectation value, 144, 159 exponent

Floquet, 114 exponential

convergence, 247, 273 decay rate of correlations, 284 of a matrix, 63 exponential proliferation, 21, 226 extremal point, 470

false zeros, 255 Farey

map, 359, 382 mediant, 437 series, 435 tree, 437 Feynman path integral, 491, 498 Fick law, 505 finite subshift

cycle expansion, 319 first return function, 47 first return time, 379 fixed point, 292

maps, 58

ChaosBook.org/version11.9.1, Apr 24 2007 concl.tex 23oct2003

844 INDEX

marginally stable, 359 Floquet

exponents, 114 multiplier, metric invariants, 120 multipliers, 114 flow, 34, 37

autonomous, 39, 299 contracting, 36, 40, 70 deterministic, 130 elliptic, 115 generator of, 131, 656 Hamiltonian, 79, 721 hyperbolic, 84, 115, 257 incompressible, 70, 134 infinite-dimensional, 411–428 inverse hyperbolic, 84 linear, 62, 73 linearized, 60 nonhyperbolic, 115 spectral determinant, 249 stability, 66 stationary, 39 stochastic, 130 stretch&fold, 171 Fokker-Planck equation, 507 form

normal, 110 Fourier

mode

truncation, 414 fractal, 350

aggregates, 9 dimension, 351 geometry of nature, 9 probabilistic, 9 science, 9 Fredholm

determinant, 742 integral equations, 274 integral operator, 273 Fredholm theory, 273 Frenkel-Kontorova model, 539 frequency analysis, 42 Fresnel integral, 470, 477 function

space

piecewise constant, 239 functional, 129

Lyapunov, 36 functions

L^2 square-integrable, 285 analytic, 285 fundamental

cycle, 213 cycles, 724 domain, 168 collinear helium, 580 fundamental matrix, 15, 60, 659

Gälerkin truncation, 416 Galilean invariance, 414, 430 Gatto Nero

professor, 172 Gauss

shift, see Gauss map Gauss map, 140, 382, 436, 447 cycle stability, 443 metric entropy, 452 Gaussian

integral, 138, 398, 500 integral, d-dimensional, 488, 500 noise, 773 probability density, 506 generating function, 238, 540 generating partition, 179 generator

of flow, 131, 656 golden mean

pruning, 214 gradient

system, 44, 792 gradient algorithm, 528 grammar

symbolic dynamics, 180 graph, 180

irreducible, 180 Markov, 180 Gray codes, 181 Green’s function, 466

analogue of, 660 density of states, 464 diffraction, 605 energy dependent, 463 regularized, 518 scattering, 549 semiclassical, 499, 502 short distance, 496, 497 trace, 463

long orbits, 496 group, 697

cyclic, 714 dihedral, 714 dynamical, 37 evolution, 44, 791 finite, 697 integration, 713 matrix, 698 order of, 697 representation, 698 semi-, 131, 656 Gutzwiller

trace formula, 516

concl.tex 23oct2003 ChaosBook.org/version11.9.1, Apr 24 2007

INDEX 845

Gutzwiller path integral, 498

Hadamard determinant, 247 Hadamard product, 519 Hamilton

-Jacobi equation, 480 equations, 480 principal function, 483, 508 Hamiltonian, 461, 481

flow, 721

spectral determinant, 251 stability, 653 flows, stability, 81, 651 Hénon map, 84 repeller, periodic orbits, 306, 812 Hankel function, 497, 558, 575 Heaviside function, 465 Heisenberg, 647

picture, 733 Heisenberg, W, 655 Helfand moments, 398 helium, 577, 647

collinear, 46, 57, 80, 458, 598, 793 cycles, 306, 598 eigenenergies, 599 fundamental domain, 580 Poincaré section, 598 stabilities, 599 stability, 306 Helmholtz equation, 558 Hénon

attractor, 58, 130

Lyapunov exponent, 159, 802 map, 53, 55, 84, 190, 528, 542 fixed points, 58, 190 Hamiltonian, 84 inverse, 190 prime cycles, 530, 542 stability, 72, 116 symmetries, 721 transient, 530 Hénon, M., 55 heroes

unsung, xiv, xviii Hessian matrix, 81 Hilbert

space, 462 Hilbert-Schmidt

condition, 274 operators, 735 Holmes, P., 427 Hopf

bifurcation, 431 Hopf, Ebehardt, 431 Hopf, Heinz, 595 horseshoe, 189

complete, 192 hydrodynamical

interpretation of QM, 498 hyperbolic

flow, 84, 115, 257 non-, 24 hyperbolicity assumption, 16, 237

in/out nodes, 65 inadmissible symbol sequence, 180 incommesurate, 36 incompressible flow, 70 indecomposability, 209

metric, 163 index

Maslov, see topological index indifferent

stability, 61 induced map, 374 inertial manifold, 415, 427 infinite-dimensional flows, 411–428 inflection point, 432 information

dimension, 351 initial

conditions

sensitivity to, 6 point x_0, 15, 35, 60 state x_0, 15, 35 injective, 54 integrable system, 80, 101 integrated observable, 142 integration

group, 713 Runge-Kutta, 45 intermittency, 96, 279, 358

escape rate, 370 piecewise linear model, 361 resummation, 376 stability ordering, 322 invariance

cyclic, 292 Galilean, 414, 430 of flows, 117 symplectic, 81, 651 invariant

measure, 127 metric, 114, 120 topological, 113 invariant measure

Gauss map, 140 inverse

hyperbolic flow, 84 inverse iteration, 294

Hamiltonian repeller, 306, 812

ChaosBook.org/version11.9.1, Apr 24 2007 concl.tex 23oct2003

846 INDEX

involution, 714 inward/outward spirals, 65 irreducible

graph, 180 irreversibility, 24 irreversible

dynamics, 37 iteration, 34

inverse, 294

Hamiltonian repeller, 306, 812 map, 52 itinerary, 10, 13, 162

bi-infinite, 165, 178 future, 172, 178 past, 178

Jacobi, C.G.J., 73 Jacobian, 69, 125

matrix, see fundamental matrix Jonquière function, 363, 401, 407 KAM tori, 358 Keller

diffraction, 613 Keller, J.B., 645 Keplerian orbit, 456 kernel

resolving, 274 kneading

determinant, 197 sequence, 174, 185 theory, 173 value, 174, 185 kneading value

unimodal, 185 Koopman operator, 655, 660 Kramers, 647 Krein-Friedel-Lloyd formula, 550 KS, see Kustaanheimo-Stiefel Kuramoto, Y., 427 Kuramoto-Sivashinsky

equilibria, 419, 422 system, 417, 420, 423, 427 kurtosis, 159, 398 Kustaanheimo-Stiefel transformation, 106, 578

L^2 function space, 285 Lagrangian, 483

coordinates, 35, 61, 66 manifold, 484 laminar states, 358 Langevin equation, 506, 509 Laplace

transform, 22, 132, 217, 240, 241, 246, 463, 499, 657 transform, discrete, 211, 238, 381 Laplace, Pierre-Simon de, 4 least action principle, 536 Legendre transform, 483 Leibniz, Gottfried Wilhelm, 4 level set, 80 libration orbit, 582, see self–retracing Lie algebra

symplectic, 82 Lie group

orthogonal, 82 lifetime, 14 limit

cycle, 150 limit cycle

stability, 797 linear

flows, 62, 73 stability, 59, 113, 420 linearized

flow, 60 link, 180 Liouville

equation, 134 operator, 135 theorem, 83–85, 134 Littlewood J.E., 641 local

divergence rate, 153 stability, 59, 113, 420 logistic map, see unimodal longitudinal

coordinate, 495 loop

intersecting, 213 Lorentz gas, 358, 382 Lorenz, E.N., 55 loxodromic, 84, 653 Lozi map, 54, 55 Lyapunov exponent, 6, 70, 151 cycle, 115 cycle expansion, 319 equilibrium, 420 natural measure, 153 numerical, 156 numerically, 152 Lyapunov functional, 36 Lyapunov time, 6, 8, 37

M state space volume, 147 manifold

stable, 188 map, 34, 47

area preserving, 721 contracting, 77, 184 dike, 174, 185

concl.tex 23oct2003 ChaosBook.org/version11.9.1, Apr 24 2007

INDEX 847

dissipative, 77, 184 expanding, 164 fixed point, 58 Hénon, 53, 528, 721

Hamiltonian, 84 prime cycles, 530 Hamiltonian

Hénon, 84 iteration, 52 logistic, see unimodal Lozi, 54, 55 once-folding, 190 order preserving, 173 orientation preserving, 721 orientation reversing, 721 quadratic, 54, 171 return, 11, 16, 47, 48, 190 stability, 71 stroboscopic, 796 tent, 171 unimodal, 170 marginal

stability, 16, 114, 279, 359 fixed point, 359 stability eigenvalues, 236 marginal stability

cycle, 61, 117 Markov

graph, 180

infinite, 215 partition, 398

finite, 164, 165 infinite, 198 not unique, 166 Maslov index, see topological index material invariant, 504 Mather, see Aubry-Mather theory matrix

exponential, 63, 658 group, 698 of variations, see stability matrix stability, 60, 508 Maupertuis, P.L.M. de, 536 measure, 124

invariant, 127 natural, 128, 144 smooth, 143 mechanics

quantum, 461 statistical, 23 mediocre

convergence, 726 memory

finite, 177 metric

indecomposability, 163, 728 invariant, 114, 120

Floquet multiplier, 120 transitivity, 728 metric entropy

Gauss map, 452 microcanonical ensemble, 156 Mira, C., 55 Misiurewicz, M., 55 mixing, 6, 16, 129 Moebius inversion, 219 monodromy matrix, 71, 236, 652 Morse index, see topological index multi-scattering matrix, 561 multifractals, 757 multiplicative ergodic theorem, 156 multipoint shooting method, 296

natural measure, 128, 144, 153, 282, 303 nature

geometry of, 9 Navier-Stokes equation, 411 neighborhood, 59, 120 Nero, G., 172 neutral, see marginal

stability, 61 Newton’s method, 294

convergence, 295 damped, 295 flows, 299 optimal surface of section, 301 Newtonian dynamics, 79 node, 180 noise

Gaussian, 506, 510, 773 white, 506 non-wandering set, 36, 191 nonequilibrium, 389 nonhyperbolic

flow, 115, 117 norm, 733 normal form, 110

obscure

foundations, 646 jargon, 162 topology, 417, 422 observable, 129, 142 ODE, see ordinary differential equations ODEs, 411 1-disk

creeping, 568 scattering, 559 semiclassical scattering, 565 Onsager-Machlup, 509 open systems, 13, 146

ChaosBook.org/version11.9.1, Apr 24 2007 concl.tex 23oct2003

848 INDEX

operator

evolution, 149 Hilbert-Schmidt, 735 Koopman, 655, 660 Liouville, 135 norm, 733 Perron-Frobenius, 126, 156 positive, 735 regularization, 741 resolvent, 132, 657 semigroup

bounded, 132, 657 shift, 178 trace-class, 734 orbit, 35, 52

inadmissible, 173 Keplerian, 456 periodic, 36, 179, 514, 515 returning, 513 order preserving map, 173 ordering

spatial, 172, 192 ordinary differential equations

almost, 44, 791 partial differential equations, 411 orientation

preserving map, 721 reversing map, 721 orthogonal

Lie group, 82 Oseledec multiplicative ergodic theorem, 156 palpitations, chicken heart, 5 paradise

this side of, 333 partial differential equations, 411 partition, 162, 179

generating, 179 infinite, 185, 222, 225 Markov, 164 state space, 124 partition function, 156 passive scalar, 504 past topological coordinate, 194 path integral

stochastic, see Wiener integral PDE, see partial differential equations PDEs, 411 period

relation to action, 587 periodic

orbit, 36, 179, 310, 514, 515 orbit condition, 291, 302, 527 orbit extraction, 291–303, 527– 537

Hamiltonian repeller, 306, 812 inverse iteration, 294 multipoint shooting, 296 Newton’s method, 294–295 relaxation algorithm, 528 point, 11, 21, 179

admissible, 210 count, 218 unstable, 13 periodic point, see cycle point Perron-Frobenius

matrix, 208 operator, 126, 156, 266 theorem, 282, 287, 760 phase space, 34, see state space 3-disk, 728 density, 134 piecewise constant function, 239 piecewise linear map, 382

intermittency, 361 repeller, 147 pinball, see 3-disk

simulator, 99, 796 plain English, 178 Plemelj-Smithies cumulants, 739 Poincaré

invariants, 85 return map, 47, 48 cycle, 118 polynomial, 53 stability, 72 section, 11, 47, 91, 190 3-disk, 91 Hénon trick, 55 hyperplane, 48 Poincaré, H., 2, 7, 15 point

non-wandering, 36 periodic, 11, 179 scatterer, 616 wandering, 35 Poisson

bracket, 133–135, 651 resummation, 22, 377 Pollicott, M, 156, 380 polylogarithm, 363 polynomial

characteristic, 213 topological, 217 Pomeau, Y., 55 positive operators, 735 potential

problems, 44 power law

correlation decay, 360 pressure, 156

concl.tex 23oct2003 ChaosBook.org/version11.9.1, Apr 24 2007

INDEX 849

thermodynamic, 156 prime cycle, 179, 229, 238, 291

3-disk, 164, 229, 537 binary, 167 count, 219 Hénon map, 530 ternary, 168 primitive cycle, see prime cycle probabilistic zeta function, 380 probability density

Gaussian, 506 profile

spatial, 35 propagator, 463

semiclassical, 487 short time, 489, 496 Van Vleck, 490 pruning, 10, 359

block, 180 front, 194 golden mean, 214 individual cycles, 220 primary interval, 175 rules, 165 symbolic dynamics, 180 pruning front

3-disk, 206 pseudocycle, 310

quadratic map, 54 quantization

Bohr-Sommerfeld, 456 semiclassical, 513 WKB, 467, 471 quantum

chaos, 459, 460, 518 evolution, 463 interference, 479 mechanics, 461 potential, 497 propagator, 463 resonances, 456 theory, old, 646 quantum chaology, see chaos, quantum quasiperiodicity, 36

radius

of convergence, 247 random matrix theory, 460 recoding, 167, 180 rectangle, 192 rectification

flows, 103 maps, 109 recurrence, 36, 162

time, see return time regularization, 106, 519

Green’s function, 518 operator, 741 relative

solutions, 241 relaxation algorithm, 528 renormalization, 96 repeller, 13, 37, 146, 459

piecewise-linear, 147 single fixed point, 266 representation

character, 698 equivalent, 699 faithful, 699 matrix, 698 regular, 699 representative point, 34 residue

stability, 84 resolvent

kernel, 274 operator, 132, 657 resonance

Ruelle-Pollicott, 380 resonances

complex, 458 quantum, 456 Ruelle-Pollicott, 156 resummation

intermittency, 376 return map, 11, 16, 190 return time, 380

distribution, 380 returning orbit, 513 reversible

dynamics, 37 Riemann zeta function, 324, 382 Rössler system, 40, 41, 45, 49, 57, 76, 152, 161, 170, 189, 793 cycles, 292, 305 equilibria, 45, 67, 793 Roux

Henri, 24, 70 Ruelle

-Pollicott resonances, 156, 380 zeta function, see dynamical zeta function Ruelle, D, 156, 380 Ruelle, D., 26 Runge-Kutta integration, 45 running orbits

Lorentz gas, 393 Rutherford, 577 Rydberg series, 588

saddle, 65

ChaosBook.org/version11.9.1, Apr 24 2007 concl.tex 23oct2003

850 INDEX

saddle point, see stationary phase saddle-node

bifurcation, 55 scattering

3-dimensional spheres, 97 elastic, 543 Green’s function, 549 matrix, 544 phase shift, 551 point, 616 Schrödinger

equation, 461

time independent, 461 picture, 733 Schrödinger, E, 655 section

Poincaré, 11, 47, 91 self-retracing cycle, 582 self-similar, 21 semiclassical

approximation, 480 Green’s function, 499, 502 propagator, 487 quantization, 513 spectral determinant

collinear helium, 590 wave function, 486 semiclassical zeta function, 519 semiclassical resonances

3-disk, 786 semigroup, 131, 656

dynamical, 37 evolution, 150 operator, 132, 657 Sensitivity

initial conditions, 32, 789 sensitivity to initial conditions, 6, 150 set non-wandering, 191 shadowing, 19, 223

3-disk, 318 shift, 178

Bernoulli, 268, 381 finite type, 180 full, 178 map, 432 operator, 178 sub-, 179 Sinai, Ya., 26 Sinai-Bowen-Ruelle measure, see natural measure single fixed point

repeller, 266 spectral determinant, 267 singular value decomposition, 66 singularity branch cut, 367 Sivashinsky, G.I., 427 skeleton of chaos, 11, 13 Smale

wild idea, 249, 258 Smale, S., 9, 26, 187, 197, 226, 259, 641 S-matrix, 544 smooth

conjugacy, 102, 112, 120, 796 dynamical system, 430 dynamics, 19, 20, 28, 34, 224, 641, 761, 763, 765 approximated, 723 Spectral determinant, 287 interaction, 767 measure, 143 potential, 97 Sommerfeld

diffraction, 613 space

analytic functions, 285 average, 129 averaging, 144 density functions, 239 spatial

profile, 35 spatiotemporal chaos, 412 spatiotemporal dynamics, 25 spectral

determinant, 23, 212, 247

1-d maps, 250 2-d hyperbolic Hamiltonian flow, 251 entire, 248, 272 for flows, 249 infinite product rep., 249 single fixed point, 267 weighted, 256 spectral determinant

1-dof, 521 2-dof, 522 radius, 267, 276

essential, 285 staircase, 464 spectral stability, 401 spectrum

Balmer, 456 specular reflection, 91 SRB measure, see natural measure St. Augustine, 123 stability

billiards, 94, 116 eigenvalue, 64 eigenvalues, 236 elliptic, 237

concl.tex 23oct2003 ChaosBook.org/version11.9.1, Apr 24 2007

INDEX 851

exact, 122, 796 exponent, 83, see Floquet exponent flow, 66 Hamiltonian flow, 653 Hamiltonian flows, 81, 651 indifferent, 61 linear, 59, 113, 420 maps, 71 matrix, 60, 508 multiplier, see stability eigenvalue neutral, 61, see marginal ordering

cycle expansions, 321 intermittent flows, 322 Poincaré map cycle, 118 Poincaré return map, 72 residue, 84 spectral, 401 structural, 192, 195, 224, 401 window, 115 stability eigenvalue, see Floquet multiplier stable

cycle, 116 manifold, 16, 188, 190

flow, 188 map, 188 stadium billiard, 91 stagnation point, see equilibrium point staircase

mean eigenvalue density, 590 spectral, 464 standard map, 358 standing orbit

Lorentz gas, 393 state, 162, 180

set, 162 state space, 34

partition, 124 volume M, 147 stationary

flow, 39 phase approximation, 470, 477, 490, 500, 514, 605, 616, 826, 827 point, see equilibrium point state, 127 statistical mechanics, 23 steady state, see equilibrium point Sterling formula, 477 stochastic

path integral, see Wiener integral stochastic dynamics, 5 stochastic flow, 130 Stokes theorem, 85, 484 stosszahlansatz, 24, 407 strange attractor, 36, 40 strange attractor, 150 stretch & fold dynamics, 53 stretch&fold flow, 171 strobe method, 47 stroboscopic map, 796 strongly connected graph, 180 structural stability, 192, 195, 224, 401 subshift, 179

finite type, 165, 180, 195 super-exponential

convergence, 527 super-stable fixed point, 527 superstable cycle, 116 surface of section

optimal, 301 surjective, 54 survival probability, 14, see escape rate symbol

sequence

inadmissible, 180 square, 192 symbol square, 192, 193 symbolic

dynamics

at a bifurcation, 97 complete N-ary, 163 covering, 178 symbolic dynamics, 10, 162, 178 3-disk, 32, 164, 184, 802 binary

collinear helium, 581 coding, 180

Markov graph, 319 complete, 171, 192 grammar, 180 pruned, 180 recoding, 167, 180 unimodal, 172 symmetry

3-disk, 168 cyclic, 210 discrete, 166 dynamical system, 712 Hénon map, 721 symplectic

form, 81 group Sp(2D), 652 Hénon map, 84 integrator, 659 invariance, 81, 651 Lie algebra, 82 map, 82 transformation, 82, 134, 197 systems

ChaosBook.org/version11.9.1, Apr 24 2007 concl.tex 23oct2003

852 INDEX

open, 146

tangent

bundle, 38, 60 space, 60 Tauberian theorem, 382 teaching

combinatorics, 172 template, 294 ternary

prime cycles, 168 tessalation

smooth dynamics, 723 thermodynamical

pressure, 156 3-body problem, 104, 458, 577, 638, 648 3-dimensional sphere

scattering, 97 3-disk

convergence, 278, 723 cycle

analytically, 122 count, 679 expansion, 329 escape rate, 160, 318, 330, 333 fractal dimension, 350 geometry, 91 hyperbolicity, 237 phase space, 728 pinball, 4, 93, 96, 97 point scatterer, 616 prime cycles, 17, 164, 229, 537 pruning front, 206 semiclassical resonances, 786 shadowing, 318 simulator, 99, 100 state space, 13, 350 symbolic dynamics, 11, 32, 164, 184, 802 symmetry, 168 transition matrix, 163 time

arrow of, 24 as parametrization, 102 average, 129, 152 averaging, 142 ceiling function, see ceiling function ordered integration, 68, 74 time delay

Wigner, 551 topological

conjugacy, 173 dynamics, 162, 178–180 entropy, 6, 208, 222 future coordinate, 173 index, 487 invariant, 113 parameter, 175 polynomial, 217 trace formula, 211 transitivity, 209 zeta function, 217 topological index, 516, 647 torus, 36 totient function, 436 t_p

cycle weight, 250 trace

-class operators, 562 formula

classical, 22 flows, 240 Gutzwiller, 516 maps, 238, 267 topological, 211, 217 local, 210 trace-class operator, 734

determinant, 736 trajectory, 35, 63

discrete, 52 transfer

matrix, 127, 148 transfer operator, 258

spectrum, 248 transformation

canonical, 197 coordinate, 112 symplectic, 197 transient, 36, 163, 197 transition matrix, 163, 208, 210 3-disk, 163 transversality

condition, 48 transverse

stability, 496 Trotter product formula, 733 truncation

Gälerkin, 416 truncations

Fourier, 414 turbulence, 7, 8, 428

problem of, 411

Ulam map, 305 ultraviolet divergence, 518 unimodal

kneading value, 185 well ordered symbols, 185 unimodal map, 170

symbolic dynamics, 172 unstable

concl.tex 23oct2003 ChaosBook.org/version11.9.1, Apr 24 2007

INDEX 853

cycle, 13, 116 manifold, 16, 188, 190 map, 188 manifold, flow, 188 periodic point, 13 unsung

heroes, xiv, xviii UPO (Unstable Periodic Orbit), see

periodic orbit

van Kampen, N. G., 509 Van Vleck

propagator, 490 variational principle, 509 vector field, 38 vector fields

singularities, 103 vertex, 180 visitation frequency, 128 visitation sequence, see itinerary volume preservation, 95 von Neumann

ergodicity, 660

wandering point, 35 wave function

semiclassical, 486 WKB, 487 weight

multiplicative, 29 well ordered symbols

unimodal, 185 Wentzel-Kramers-Brillouin, 467, see WKB Wentzel-Kramers-Brillouin, 480 Weyl rule, 516 white noise, 506 Wiener integral, 509 Wigner delay time, 551 winding number, 432, 434 WKB, 480

connection formulas, 474 quantization, 467, 471 wave function, 487

Yang, C.N., 128 Young, L.-S., 55

zero eigenvalue, 474, 492 zeros

false, 255 zeta function

Artin-Mazur, 217 dynamical, 18, 251 probabilistic , 380 Ruelle, see dynamical topological, 217

ChaosBook.org/version11.9.1, Apr 24 2007 concl.tex 23oct2003

⇓PRIVATE

List of words

List of word used in DasBuch, derived from .glimpse index, generated by

glimpseindex -S book/chapter/*tex book/Problems/*tex The purpose of this list is to aid us in composing the index (and to catch a few misspellings here and there).

• abelian abscissa accelerated acceleration accelerator action adiabatic adjacency adjoint admissibility admissible advection alfalfa algebraic algorithmic algorithm alternating analytical angular. anharmonic anisotropic anomalous anosov antiharmonic antisymmetry anulus aperiodic appelation appelations appellation approximant approximants approximate approximation araki aristotle assignement assignements assignment asymmetric asymptotic asymptotics atomic attracting attractor autocorrelation automata automaton autonomous auxiliary auxilliary averaged average averages averaging averging

• backscatter ballistic balmer banach barrier basin bethe bilinear billards billiards binomial birkhoff block boson boundary bounded bourbaki bracket braids brain brains branchpoint breakdown bunimovich

• calculator cantor capacity carlsberg casimir ceiling celestial cellular chain chaology chaotic chaoticity characteristic characters chebyshev circle circulant circular classification class closure clouds cluster coarse coefficient coexisting collective colliding collinear collision combinatorial commensurate commutative commutator compact compactification competition complementary complete complexity complex compound computable computational concatenation concave conditional conductance cone configuration confinement conformal confussion conjecture conjugacy conjugating conservation conservative constrained constraint contour contracting control convergence convergent convexity convince cooperative copenhagen correlation correspondence couette coulomb countable counterterm coupled coupling covering creeping criterion critical cumulant curvature cutoff cycle cyclic cycling

• dada daughter decay decoding decoherence decomposition decouple defocusing degenerate dense density derivaties desymmetrization determinant determinism deterministic devil diagmanetic diagonalization diagram dicontinuous dictionary diffeomorphism differentiable diffraction diffusion dimension diophantine dipheomorphisms dipole dirac directed dirichlet discontinuous discovery discrete discretization dissociation disorder dispersing dissipation dissipative distance distinct distribution divergence divisibility dogma dominant doubling droplet dropolet dual duality duffing dylan dynamical dynamic dynamo

WordList 4aug2000ChaosBook.org/version11.9.1, Apr 24 2007

• eavesdropping egypt ehrenfest eigenbasis eigencondition eigendirection eigenenergy eigenequation eigenfunction eigenschaften eigensolution eigenspace eigenspectrum eigenstate eigenvalue eigenvector eignfunctions elastic elasticity electromagnetism electron ellipse elliptic embedding encoding endomorphism endpoint energy ensemble enthalpy entropy enumeration equilibrium equipartition equivalence ergodic ergodicity escape estimate euclidean eurostar evaluation evolution exceptional excitable exercises exhaustive existence expanding expansion expectation experimental experimentation experiments exponential exponent extended extensive extraction extrapolation extremal extremization

• factorial factorization factor farey feigenbaum fermat fermi fermion ferromagnetic feynman fibonacci field fingerprint fingertip finite finnish firmament fisher flame flow fluctuation fluid focusing folding foliation forced formalism forward fourier fractal fraction fractional fredholm freedom frequency fresnel friction frictionless frobenius front functional function functor fundamental

• gap gas gaussian gauss generalized generating generator generic geodesic geometrical geometry geophysical ghost gibbs global gluing god goe golden good gosts gradient graining grammar grandfather grandmother graph gravity grazing Green’s greatest grothendick grothendieck group gutzwiller gymnastics

• hamiltonian hamlet hankel hannay hard harmonic harmonize hausdorff heaviside heisenberg helium henkel henon hermitian hermiticity hexagonal hierarchical hilbert historical homework homoclinic homogeneity homogeneous horizontal horocycle horseshoe human huygens hydrodynamics hydrogen hyperbolic hyperbolicity hyperion hyperplane hypersurface hypothesis

• ideal identity impact implicitly inadmissible incident incommunicable incomplete incompressible incremental indecomposable independence indeterminacy indifferent induced inducing inequality inequivalent inertial infinite infinitesimal infinity information ingredient ingredients inital innumerably instability instantaneous instanton integer integrability integral integration integrator intelligence interacting interfacial interference intermittency intermittent interpretation intersection interval intineraries intrinsic invalidating invariance invariant inverse inverted invertible ionization irrational irreducible irregular irrelevant irreversibility isolated isomorphic isotopy isotropic iterated iteration itinerary

• jacobian jacobi jonqui julia junction justification

• keller kepler keplerian kernel kierkegaard kinematic kinematics kinetic kink kneading knot kolmogorov krein kronecker kubo kuramoto kurtosis kustaanheimo

• label labo ladder lagrange lagrangian laminar landau langevin language laplace laplacian laser lattice lebesgue legendre leibniz length level lexical libration lifetim lifshitz light limbo limit linearity linearization linearizing linear linked liouville liouvillian literature localized local location locking logarithmic logistic longitudinal loop lorentz lorentzian lorenz lorenzian love loxodromic lozi lunar lyapunov

ChaosBook.org/version11.9.1, Apr 24 2007 WordList 4aug2000

• macroscopic madelung magnetic magnetization magnification magnitude mandelbrot manifesto manifold mapping map marginal markov markovian maslov material mathematical mathematics matrix maupertuis maximal maximizing maxwell may mean measurable measurement measure mechanical mechanics mediant melancholy memory meromorphic mesoscopic method metric microcanonical microscopic microstate microwave minima minimal minimization minkowski miracle mirror misatributed misiurewicz mixing mixmaster model modeling modes modulus moebius molecular moment moments momentum monodromy monotone monotonicity moon morphism morse multidimensional multilinear multimodal multinomial multiplicative multiplicity multiplier multipoint

• naive natural nature necessary neigborhood neural neuronal neurosciences neuroscientist neutral newton newtonian nightmare nitpicking nodal node noise noiseless nonabelian noncanonical noncommuting nonequilibrium nonexponential nongeneric nonhyperbolic nonhyperbolicities nonhyperbolicity noninteger nonintegrable noninteracting noninvertible nonleading nonlinear nonmixing nonmonotone nonnegative nonoverlapping nonperturbative nonpositive nonscience nonselfadjoint nonseparable nonuniform nonuniqueness nonvanishing nonwandering normal normalizable normalization notation nuclear nucleus number numerical

• observable operatorial operator optical optimal orbital orbit ordering orientation origin ornestein orthogonal orthohelium orthonormal oscillating oscillator oscillatory overcounting overlapping overlayed overline

• pairing parabola parabolic paradigm paradox parahelium parallel parameter parametri parametric parametrized parititions parrique parrot partial particle particuli partilas partion partition partitons partner pascal passive past pastry path pattern pauli pendulum perceive percourse peregrination perfect perfro perhaphs peridoic periodcyc period periodic periodize permutation perpendicular perplexity persistent perturbation perturbative phase phasespace phenomenological philosophical photon physical physics physicsts piecewise pinbangles pinb pinoballo pitchfork plague planar planck plane planet planetary plausability plemelj plot poincare poincar pointlike point pointwise poison poisson polar polarization pole polygonal polynomial polynominal polytope position positive positivity postmodern potential powerlaw practise predicble predragese preexponential prefactor prepending preperiodic prerequisite prerequsites presentation preservation preserving pressue pressure primary prime primitive primo principal principle probabalistic probability process product program prohibited projectile projection projector proliferation promises proof propability propagation propagator proper prophet proportionality propreties pruning prunning pseudocycle pseudoorbit pseudos pseudospectral pseudosphere pseudow psudosphere ptolemy publised pump

• quadrant quadratic qualitative quantitative quantitive quantization quantizing quantum quantummechanics quark quarter quartic quasiclassical quasilinear quasiperiodic quientessentially quintessential quntum

WordList 4aug2000ChaosBook.org/version11.9.1, Apr 24 2007

• radial radical radii radius radons random randomization randomness rank rate rational rationals reactants reagents real reali realign realistic reality realizable realization realizing recoding recognition rectangle rectification recurrence recurrent recursion recursione recursive recycling redholm reducible reducing reduction redundant refine refinement refining reflecting reflection refraction region regular regularization reinjection relabeling relation relativi relativistic relavant relaxation relevant remeber renark renomarmalization renormalization renyi reparametrization repeated repeler repeller repelling repellor repertoire repetition representation representative reproducible repulsive rerens rescaling residue1 residue resistence resolution resolvent resolvop resonance response restor restricted resummation resurgence retification retracing return reversability reversibility reversible reversing revolution rieman riemann riemman rigorous rigourous rmark rmemebr robust roessler rossler rotational rotation route ruelle rule ruling runge

• saddle saddlepoint sanscrit sanskrit sawtooth saysthis scalar scale scaling scar scatterer scattering scenario schedlbauer schrodinger schroedinger scruffy search secretification section secular segment semicircle semiclasscial semiclassical semiclassics semigroup semiline sensitive separable separating sequence serapinski series shaded shading shadowing shadowning shakespeare shannon shear sheet shift sivashinsky shock shrinking siegel signal signifcant sign similarity simlar simpel simple simplicial simplified simulation simultaneous sina sinai singel single singlet singular singularity sink sistem sisters situating sivashinsky sixfold skarowsky skeleton skew slow Smale snell solar soliton solvable Sommerfeld sorrow sorting sould source space spatial spatiotemporal specchio speccolo spectral spectroscopy spectrum specular speed sphere spherical spiegel spike spin spiral spliting splitting square stabilit stability stab stacionarity stackr stadium stagnation staircase standard standart standing star start starting state static stationarity stationary statistical statistics steady sticking sticky stirling stirring stochastic stochasticity stokes stosszahlansatz straddle stradle straight strand strange stranges stream strength stress stretch strict string strip strobe strogatz stroke strong structural structure student subcritical subdeterminant subdivide subexponential subgroup subholes subinterval subleading submatrix subsequence subset subseteq subshift subspace subspectrum substitution substring substrips subsystem subtree sufficient summable sum supercritical superposition superstable suppore support suppression supress supression supset surreal survival suspension symbol symbolic symetrization symmetric symmetrization symmetr symmetry symplectic system

• takens tangency taylor technique tedious template temporal tensor tensoriels tent terminant terministes ternary tessellate tessellation test thare theorem theory therma thermodynamic thermodynamical thermostats threshold tiling time tool topolagical topological topologiques topology toral tori torus trace tracks trajectory transcendental transfer transfomation transform transformation transfrom transitional transition transitive transitivity transport transpose transversality transversal transverse trapped trapping trashendental traversal tree trellises treshold

ChaosBook.org/version11.9.1, Apr 24 2007 WordList 4aug2000