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@4 chain, 204
x2 distribution, 256
g-entropy, 224

active degrees of freedom, 103
amplifier, 180
analytic complex function, 175
Anderson
localisation, 119, 120, 137, 159, 175, 210, 229
model, 229
problem, 210
area growth rate, 71
ash cloud, 238
attractor, 63, 100, 105, 178
random, 150
size, 112
strange, 150
strange nonchaotic, 20, 96
autocorrelation function, 140
avoided crossing, 158

barycenter, 240
basin of attraction, 100, 225
Bernoulli map, 88, 90, 114, 250
Bessel function, 215
bifurcations, 25
billiard, 20, 43, 231

dispersing, 232

focusing, 232

triangular, 233
binary variables, 186
binomial expansion, 132
Bloch ansatz, 167
Bloch-Lyapunov exponent, 166, 167
Boltzmann equation, 235
bond energy, 128
Boolean algebra, 186
Boolean Lyapunov exponent, 187
Boolean-Jacobian matrix, 187
Borland conjecture, 230
boundary problem, 230
bred vectors, 66

dimension, 66
Brownian

bridge, 203

motion, 203

bubbling transition, 96
butterfly effect, 2, 20
BV, see bred vectors

canonical
ensemble, 224
variables, 26
Cantor, see fractal
Cauchy-Green strain tensor, 238
Cauchy-Riemann conditions, 176
celestial mechanics, 2, 78, 239
cellular automata, 98, 172
central limit theorem, 75, 77, 126, 127
chaos, 19
additive, 199
collective, see collective chaos
indicator, 23
microscopic, 213
non-hyperbolic, 96
quantum, 242
stable, 20, 98, 116, 172, 227, 248
strong, 193
weak, 40, 67, 77, 78, 90, 94, 193, 197, 240, 242
chaotic
attractor, 70, 106, 237
dynamical systems, 258
dynamics, 5, 40, 73, 150, 172, 189, 190, 194, 246
motion, 146
oscillator, 166, 194
regime, 149
repeller, 74
saddle, 104-106
set, 84
spot, 174
system, 152, 153, 159, 162
high-dimensional, 222
characteristic function, 74, 76, 85, 86, 94, 137
chemical kinetics, 247
chemical turbulence, 249
Chirikov-Taylor standard map, 36, 44, 72, 158, 243,
246
chronotopic
approach, 17, 168, 173, 177, 178, 205
Lyapunov exponent, 184
circular law, 126, 143
closed system, 180, 225
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cluster, 164

CLYV, see covariant Lyapunov vector

coarse-grained
dimension, 224
invariant measure, 36

cocycle, 13

collective
chaos, 193, 194

dynamics, 210, 213, 215, 218

motion, 213, 218
perturbations, 218
collision, 44, 49

strength, 155, 158, 204
symmetric, 183
unidirectional, 18, 180
coupling sensitivity, 152, 158, 161, 171, 194, 203,
211,213
covariance, 56
covariance matrix, 66
covariant Lyapunov vector, 35, 36, 52-54, 70, 72, 78,
94,102, 112, 207, 209, 210, 218, 252
covering, 100, 107
crisis transition, 104
critical behaviour, 91

complete set of orthonormal vectors, 62 critical case, 122
complex Ginzburg-Landau equation, 26, 178, 185, crossing times, 110

203, 225, 228, 249 crossover time, 201
complex-conjugate eigenvalues, 120 cumulants, 74
computational complexity, 31, 32, 35, 60 current, 123
computational time, 61 curvature, 77, 233
concavity, 185 sectional, 188
conditional Lyapunov exponent, 164 cyclic permutations, 134
conductance fluctuations, 137
connectivity, 128 damage, 186
conservation law, 24, 25, 40 spreading, 168, 173, 185, 186

continuous limit, 170
continuous-time

dynamics, 112

system, 118, 246, 252
contracting direction, 103
contraction rate, 37, 77
control theory, 3
convective

expansion rate, 184

Lyapunov exponent, 168, 173, 178, 181, 185, 226,

228
generalised, 185

spectrum, 228
coordinate-dependence, 71
correlation, 119

decay of, 243

function, 146

space-time, 203

time, 189
coupled

chaotic systems, 160

logistic maps, 168, 215

map lattice, 98, 116, 156, 180, 181, 247

systems, 152

coupling, 128, 152, 181
asymmetric, 156
critical, 162

global, 32, 142, 156, 158, 163, 195, 250

long-range, 193
massive, 168

nearest-neighbour, 32, 199, 228

parameter, 163
small, 155
sparse, 168

defect, 187
degeneracy, 25, 40, 76, 120, 159
degenerate spectra, 124
delayed feedback, 192
delocalised phase, 231
deterministic system, 18, 118
deterministic thermostats, 236
dichotomic process, 134
differential geometry, 34
differential-delay equation, 168, 191, 192, 203,
250
diffusion, 39, 137, 166, 191
anomalous, 39
coefficient, 39, 74, 89, 210, 213, 222, 235
generalised, 165

matrix, 77, 89
dimension
box, 100, 107

correlation, 107
density, 223, 224
fluctuations, 223
fractal, see fractal dimension
full, 105
generalised, 107, 108
information, 101, 102, 107, 108
partial, 102, 105, 106, 108
generalised, 108
pointwise, 107
variability, 222
directed polymer, 128, 160
discontinuity, 43, 115
discrete Laplacian operator, 247
discrete spectrum, 230
discrete-state system, 172, 186
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discrete-time system, 10, 105, 118, 119, 245 Euclidean
disorder, 118 basis, 126, 256
critical, 231 norm, 205, 209

delta-correlated, 120

quenched, 210

strong, 125, 130

weak, 118, 119, 130
disordered media, 229
disordered systems, 119
dissipative systems, 22
double-gyre flow, 238
driven (skew) systems, 18, 20
dual Lyapunov vectors, 67
dynamical

algorithm, 55, 57-59

invariant, 20, 40, 51, 105, 224, 235

mean field, 146

dynamical (Ruelle) zeta function, see zeta function
dynamical entropy, 77, 100, 103, 105, 106, 109, 170,

177,178, 187, 192, 220, 236

density, 177

super-invariant, 168
generalised, 107, 109
potential, 176, 177

dynamics

aperiodic, 172
irregular, 213
microscopic, 171, 215
non-hyperbolic, 222
periodic, 67
symmetric, 118

Earth’s atmosphere, 67
Earth-Moon system, 240
easy dynamics, 60
eccentricity, 240, 242
effective dimension, 67
eigenvalue, 26, 29, 54, 84
of a Schrédinger operator, 118
problem, 230
eigenvector, 26, 34, 42, 54, 57
elastic collision, 185
electric conductivity, 237
ellipsoid, 106
elliptic phase, 122
embedding technique, 51
ensemble average, 35, 91, 119, 233
entire function, 224
entropy, 243
entropy-like observable, 187
Erdos-Renyi network, 198
ergodic
evolution, 102
system, 172
ergodicity, 13, 122
escape rate, 103, 104, 106, 178, 235,
236

evanescent waves, 180
evaporation exponent, 164
evolution operator, 70, 80, 82, 84
excitable system, 247
expanding direction, 66, 78, 103, 120
expansion

factor, 39

rate, 67

fluctuation of, 72

experimental data, 53
extended Lyapunov vectors, 194
extensivity, 168, 193, 194, 199, 218, 220, 224

FAE, see finite-amplitude Lyapunov exponent
Family-Viczek scaling, 201
fast Lyapunov indicator, 78
faster-than-exponentially converging, 131
Fermi-Pasta-Ulam chain, 169, 185, 187190, 204, 248
fidelity, 243
finite perturbations, 110
finite-amplitude
instability, 117
perturbations, 185
finite-amplitude Lyapunov exponent, 66, 98, 110, 114,
216, 239
finite-size
analysis, 61
corrections, 169, 175, 205, 206
effect, 110, 208
exponent, 110
finite-time Lyapunov exponent, 39, 70, 77, 89, 94, 97,
100, 101, 107, 108, 194, 205, 207, 238-240
fluctuations of, 42
transverse, 163
first-passage time, 110, 112, 115
Lyapunov exponent, 111
Fisher-Kolmogorov-Petrovsky-Piskunov equation,
185
FitzHugh-Nagumo model, 68, 247
fixed point, 17, 86, 163
marginally stable, 90
flame-front propagation, 249
FLI, see fast Lyapunov indicator
floating particles, 150
Floquet exponent, 17, 195
fluctuations, 70, 100, 109, 112, 118, 145
fluid of hard disks, 218
Fokker-Planck equation, 123, 137, 138, 141, 149, 154,
211
forbidden words, 83
irreducible, 95
Fourier
modes, 41,209, 214, 218
space, 202
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Fourier (cont.) equations, 153
spectrum, 208 fermionic, 148
transform, 170, 202 ground state, 148
FPU, see Fermi-Pasta-Ulam chain mean field model, 171, 213, 251
fractal, 102 model, 204, 218
curve, 97 oscillator
dimension, 100, 101, 170, 192, 220 chain of, 168
direction, 103 structure, 237
repeller, 235 system, 20, 22, 26, 36, 105, 187, 240, 243,
set, 107, 150 248
structure, 102, 108 high-dimensional , 138
free energy, 128, 160 nearly integrable, 242
friction, 43 nonequilibrium, 228
front propagation, 185 hard disks, 26
front velocity, 184, 186 hard dynamics, 60
Furstenberg-Kesten theorem, 5, 230 hard-point gas, 185
Furutsu-Novikov formula, 139, 142, 149 heat bath, 172
Heaviside function, 172
GALI, see generalised alignment index Helfand moments, 236
Galilean invariance, 204 high-dimensional system, 142
game of life, 172 higher-order Lyapunov exponents, 110
Gauss Runge-Kutta algoritthm, 34 Hilbert space, 244
Gaussian homoclinic tangencies, 65, 72, 94, 95, 258
approximation, 77, 89, 137, 139, 222 homogeneous state, 116
distribution, 75, 77 Hopf bifurcation, 249, 251
ensemble, 126 Hopf-Cole transformation, 202
integral, 130, 137 Householder reflections, 31, 38, 56, 71
generalised alignment index, 78 hydrodynamic Lyapunov modes, 218
generalised Lyapunov exponent, 70, 73, 75, 79-82, hydrodynamics, 2
84,92, 95, 100, 108, 130, 134, 136, 138, 139, hyperbolic, 94
142, 148, 182, 188 phase, 122
maximum, 108 hyperbolicity, 63, 65, 70, 72, 85, 89, 221
generating function, 129 hyperchaos, 19
generating partition, 83, 95, 105, 109, 258 hyperscaling, 226, 227
glassy phase, 130
global atmospheric models, 66 Ikeda delay equation, 192, 250
global phase, 47 inclination, 240
globally coupled maps, 158, 193, 210, 213, 215, 250 incommensurate frequencies, 240
globally coupled systems, 194, 198, 210 inertial manifold, 209, 222
Gram-Schmidt orthogonalisation, 31, 38, 42, 56, 71, infinite-dimensional system, 21, 168
252 infinite-precision arithmetics, 172
Gram-Schmidt vectors, 61 infinite-time limit, 113, 168, 205
Grassberger-Procaccia algorithm, 107 infinitesimal perturbations, 110, 112
gravitation, 240 initial value problem, 230
group velocity, 184 instability, 2, 133
growth prefactor, 93 absolute, 180
GS, see Gram-Schmidt convective, 180
integrated density, 127
Hénon map, 52, 64, 65, 70-72, 94, 96, 100, 156, interaction
246, 258 long-range, 213, 251
chain of, 173, 200, 208, 219, 221, 222, 248 short-range, 203
Halley’s comet, 242 interface velocity, 205
Hamiltonian, 44 intermittency, 90
bosonic, 148 invariant directions, 102
dynamics invariant measure, 13, 35, 36, 52, 53, 80, 82, 91, 103,
stochastically perturbed, 150 106, 161, 187,222,223, 225, 226

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781107030428
www.cambridge.org

Cambridge University Press & Assessment
978-1-107-03042-8 — Lyapunov Exponents
Arkady Pikovsky , Antonio Politi

Index

More Information

281

Index

approximations, 104
microcanonical, 188
singular, 115

invariant set, 76, 163, 178
stable, 115

inverse participation ratio, 210

invertiblility, 243

Ising model, 172

isotropicdynamics, 118

Ito’s interpretation, 141, 143

Jacobi matrix, 10, 86, 238
Jacobian, 28, 33, 51, 71, 118, 126, 147, 161, 165, 188,
190, 219, 233, 234
reconstruction, 51

KAM tori, 240
Kantz-Grassberger formula, 104, 106
Kaplan-Yorke

dimension, 103

density, 222

formula, 100, 102, 108, 170, 224-226

generalised, 107
Kardar-Parisi-Zhang

critical exponents, 204

dynamics, 218, 221

equation, 202205, 208

universality class, 203, 205
Keplerian component, 240, 241
Khasminskii theory, 118, 141
kicked dynamical system, 43
kicked rotor, 44
kicks, 43
kneading theory, 258
Kolmogorov-Sinai entropy, see dynamical entropy
KPZ, see Kardar-Parisi-Zhang
Kuptsov-Parlitz algorithm, 62
Kuramoto model, 196, 197, 213, 251
Kuramoto-Sivashinsky equation, 169, 170, 208, 209,

218,249

Lagrangian coherent structures, 111, 112, 237

Lagrangian trajectories, 238

Langevin equation, 123, 138, 142, 149

large deviation function, 70, 75, 82, 89, 92, 94-97,
163,219

large deviations, 71, 79, 89, 98

large-scale behaviour, 218

largest Lyapunov exponent, 28, 54, 127, 128, 155,
205, 206, 210, 212,213

largest Lyapunov vector, 188, 217

leading edge, 185

leaky integrate-and-fire neuron, 48

left-right symmetry, 174, 175, 180

Legendre transform, 75, 93, 94, 129, 132, 176,
183-185

Legendre-Fenchel transform, 75
level repulsion, 157, 158
Levy walk, 204
light beam propagation, 173
limit cycle, 20, 69
linear damping, 137
linear response, 67
linear velocity, 180
Liouville equation, 218
nonlinear, 214
Liouville operator, 217
Liouville theorem, 187
liquid films, 249
local pointwise dimension, 107
localisation, 210
length, 137, 175, 230
of Lyapunov vectors, 209
weak, 210, 212
logistic map, 88, 157, 245

chain of, 169, 179, 203, 206, 207, 222, 226,

247

network of, 198

two-dimensional lattice of, 204
long-delay limit, 192
long-time correlations, 75
longitudinal exponent, 196
Lorentz gas, 233, 235, 236
Lorenz

attractor, 6, 36

model, 113, 115, 165, 247
Loschmidt

echo, 243

paradox, 243
Lozi map, 72, 152, 156, 246
LU factorisation, 62
Lyapunov

density spectrum, 127, 168, 169, 173, 180, 181,

188, 190, 194, 196, 197
generalised, 173
first method, 5
function, 5
regularity, 13
second (direct) method, 5

spectrum, 12, 33, 38, 61, 142, 168, 170, 215, 221,

222,225,256
stability, 4
time, 19, 241, 243
vector, 41, 79, 130, 200
localisation of, 193, 195, 200

machine dynamics, 43
map
area preserving, 234
of the interval, 258
random, 146
two coupled, 162

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781107030428
www.cambridge.org

Cambridge University Press & Assessment
978-1-107-03042-8 — Lyapunov Exponents
Arkady Pikovsky , Antonio Politi

Index

More Information

282

Index

Markov
partition, 81, 82, 161, 258
approximate, 83
process, 95, 140
master equation, 140
master stability function, 25, 164, 165
master-slave system, 18
material lines, 238
Mathieu equation, 140
matrix
antisymmetric, 33, 34
band diagonal, 139
coupling, 164
highly symmetric, 124, 125
hyperbolic, 124
non-commutativity of, 133
orthogonal, 158
positive, 131
product of, 132
random, 119, 189, 198
Gaussian, 127, 144, 256, 257

product of, 36, 118, 119, 188, 230, 235, 256

theory of, 158
sparse, 118, 128, 181
symplectic, 158, 190
transfer, 173, 174
triangular, 32, 37, 58, 64, 71
tridiagonal, 189
two-by-two, 42
upper triangular, 58
volume-conserving, 124
mean field, 194
mean field model, 197, 213, 250
memory, 59, 63
microcanonical
approach, 129, 131-134
ensemble, 224
microscopic Lyapunov exponent, 216, 217
maximal, 216
Milnor attractor, 163
mismatch, 155
mixed dynamics, 96
mixed phase space, 78, 90
mixing, strong, 239
mobility edge, 231
molecular dynamics, 236
moment Lyapunov exponent, 136
moments, 74, 81
Monte Carlo
dynamics, 79, 80
technique, 70
multifractality, 100

nearly degenerate spectra, 66
negative Lyapunov exponent, 115,
network, 128, 164, 166, 168, 197
massive, 198
neural, 48, 49, 126, 145
sparse, 131, 198
topology, 165
neuron, 151
neuron models, 43
neuroscience, 150
node counting, 175

116

noise, 42, 80, 115, 118, 121, 215, 224

correlated, 143

delta-correlated, 118, 122, 137,
154

dichotomic, 132

observational, 53

parametric, 137

142, 146, 149,

polytomic, 118, 131, 132, 134, 136

weak, 118, 140, 149

white Gaussian, 141, 149, 202
noise stabilisation, 133
noisy Burgers equation, 203
noisy nonlinear systems, 118
nonanalytic behavior, 122
non-autonomous case, 47, 50
non-degenerate spectra, 119
non-hyperbolic, 108
nonlinear wave, 117
nonnormality, 37
norm

equivalence, 168

generalised, 205

non-equivalence, 171
norm-dependence, 71
normal form, 251
normalisation, 28
numerical accuracy, 31, 37, 41
numerical error, 36

oblateness, 240

occupation number, 209

oil spill, 238
one-dimensional lattice, 226

one-dimensional map, 11, 35, 82, 86, 88, 90, 95, 112,

114,198,210
open system, 100, 180, 223, 224

open-system Lyapunov exponent, 226

optical feedback, 193

ordinary differential equation, 246
Ornstein-Uhlenbeck process, 140
orthogonal vectors, 31

multiplicative ergodic theorem, see Oseledets theorem  orthogonalisation, 34

multiplicative noise, 118, 136, 202
multiplicativity, 85

multiplier, 85, 87

multistable dynamics, 113

error, 37

time interval, 37
orthonormal basis, 58, 78
orthonormalisation, 252
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oscillator Pomeau-Manneville map, 90
chain of, 128, 166, 203 population dynamics, 245
chaotic, forced, 161 potential-entrophy norm, 66
entrained, 196 power law, 94, 130
harmonic, chain of, 172 power spectrum, 140
identical, ensemble of, 194 predictability time, 19, 243
linear, 137 prime cycle, 8688, 134
nonlinear, chain of, 199 principal component analysis, 66, 77, 225
pulse-coupled, 48, 195, 217, 251 probability density, 81, 147
Oseledets projected schemes, 34
splitting, 15, 54, 57 propagation, of waves, 119
dominated, 89, 221 propagation velocity, 172
subspace, 61 propagator, 243
theorem, 5, 12, 13, 230 pruning front, 258
vectors, 55, 58, 61 pseudo-symplectic structure, 174
backward, 56, 59 pseudo-probability, 209
forward, 56, 58 pseudochaos, 90
outer solar system, 240 pseudocodes, 252-255

pure point spectrum, 229
parametric resonance, 137

Parrondo’s paradox, 133 QR decomposition, 29, 35, 44, 56, 58, 60, 63, 71, 94,
partial differential equation, 170, 249 106, 252
elliptic, 231 continuous, 33
partition, 101, 102, 108 quarter-circle law, 127
partition function, 128, 160 quasi-momentum, 167
passive tracer, 237 quasiperiodic force, 96
path-integral formalism, 147 quasiperiodic motion, 20, 240
pendulum, 49
percolation threshold, 114 Rossler oscillator, 23, 39, 40, 192, 247
period doubling, 90, 94 chain of, 37, 168, 249
period-2 orbit, 86 random
periodic orbit, 17, 70, 71, 84, 85, 122, 163, 213 dynamical system, 76
stable, 115 environment, 128
Perron-Frobenius equation, 213, 214 polymer, 119
Perron-Frobenius operator, 36, 81, 82, 216,217 potential, 124
perturbations process, 36, 154,210
finite-amplitude, localised, 117 system, 118, 187
perturbative analysis, 120 walk, 137, 156
perturbative techniques, 82 random-field Ising chain, 159
Pesin formula, 106, 170 rare events, 97
generalised, 109 rare fluctuations, 73
phase, of oscillations, 149 reaction-diffusion system, 185
phase oscillators, 195 real world data, 53
phase response, 68, 69 recursive relation, 121
phase shift, 67 refractory period, 49
phase-space dimension, 36, 103 re-injection, 91
phase synchronisation, 36, 162, 249 relativistic dynamics, 22
phase transition, 118 relaxation time, 35
phase velocity, 184 reliability, 150
piecewise linear map, 81 renormalisation group, 203
Planck’s cell, 244 Renyi entropies, 109, 210, 224
plankton field, 238 repeller, 104, 106, 178, 236, 237
Poincaré section, 23, 47 replica, 79, 80, 187
Poisson brackets, 26 replica-symmetry breaking, 130
Poisson distribution, 158 resampling, 80
polar coordinates, 121 rotation number, 17
polymer, 129 rotational invariance, 126, 127
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rough interface, 204, 218 stable direction, 101, 103, 106
rough Lyapunov vector, 209 stable manifold, 54, 63-65, 72, 238
roughening, 203 standard deviation, 77
exponent, 220 state-dependent delay, 193
interface, 201, 207 stationary distribution, 155
phenomena, 200 statistical error, 38
process, 203 statistical fluctuations, 36, 179, 217
round-off errors, 158, 243 statistical mechanics, 79, 134
stick-slip dynamics, 43
saddle-point method, 182 Stiefel manifold, 34
scalability, 34 Stirling formula, 132
scalar observable, 73 stochastic
scaling, 75, 138 D-bifurcation, 151
anomalous, 221 differential equation, 122, 136, 141, 142, 146, 202,
behaviour, 80, 94, 202, 203, 210, 213, 226 207
relation, 206 linear, 118
scattering, 104, 234 map, chain of, 114
Schrodinger equation, 124, 137, 144, 175, 229, 230 process, 76, 84, 134, 140, 153
second Lyapunov exponent, 101 stability, 141
secular terms, 241 system, 18, 73, 146, 229
self-averaging, 219 straight Lyapunov vector, 208, 209
self-generated friction, 237 Stratonovich’s interpretation, 141, 143
semi-analytic techniques, 118 stream function, 238
semiclassical approximation, 243 stream-function norm, 66
semiconductor laser, 193 stretched exponential, 90, 92
Shannon entropy, 210, 224 stroboscopic map, 24, 161
shear viscosity, 237 strong-exchange coupling limit, 160
simple fluids, 236 structurally variable systems, 45
Sinai billiard, 231 Stuart-Landau oscillator, 214, 217, 251
singular value decomposition, 29, 53, 63 chain of, 220, 221
singular values, 14, 29 ensemble of, 213
singular vectors, 55, 56, 66 subexponential growth, 90
skew product, 161 sum, of Lyapunov exponents, 102
skew tent map, 88, 212 super-exponential convergence, 135
Smale’s horseshoe, 104 superdiffusion, 204
smallest Lyapunov exponent, 54, 218 supersymmetric quantum mechanics, 118, 146, 148
solar system, 239 supersymmetry, 146
sound velocity, 185 SVD, see singular value decomposition
space-like variable, 173, 191 symbolic encoding, 258
space-time chaos, 169, 191, 202, 218, 249 symbolic sequence, 88
spacing density, 159 symmetry, 20, 24, 26, 27, 40, 78, 90, 159, 160,
spatial Lyapunov exponent, 168, 174 162
spatially continuous system, 170, 249 average, 25
spatially extended system, 115, 168, 171, 178, 191, breaking, 162
197,200, 203, 218, 223, 224, 247 continuous, 24, 25
spatially homogeneous state, 167 instantaneous, 25
special flow, 161 reflection, 26
spectral density, 189, 198 translational, 26
spike, 43 symplectic
spiking neuron, 48 dynamics, 34, 72, 175, 246
splay state, 195 lattice system, 218
spurious exponents, 52, 53 map, 65, 120, 153, 220
stability, 1 chain of, 203, 248
asymptotic, 4 structure, 189
fluctuations of, 38 system, 26, 78, 169, 222, 258
spectrum, 75 symplectic-like condition, 219
uniform, 163 symplectic-like structure, 248
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synchronisation, 152, 162
by common noise, 150
complete, 164
generalised, 164
manifold, 163
transition, 96, 110

synchronous dynamics, 165

synchronous state, 41, 163

system size, 168

tangent space, 36, 41, 44, 46, 47
telegraph process, 140
temperature, 128, 130

tent map, 88, 114, 157, 193, 195, 214, 246

ensemble of, 216

globally coupled, 194, 195
thermal conductivity, anomalous, 204
thermodynamic

equilibrium, 189

limit, 98, 126-128, 143, 157, 168, 171-173, 191,
193, 196-198, 209, 211-213, 219, 221

measure, 223
threshold, 110
tidal friction, 240
tight-binding approximation, 120
time average, 77, 120, 121, 233
time series, 50
time translation invariance, 160
time-like variable, 173
time-reversal symmetry, 175
topological entropy, 81, 82, 95, 258
torus, 97
trace, 85
transfer matrix, 160
transient, 28, 61, 66, 98
dynamics, 104
phenomena, 179
time, 28, 61

transition rate, 81
transmission coefficient, 229
transport, 204, 229
coefficient, 235
transversality, 64, 209
transverse Lyapunov exponent, 152, 159, 162,
164-166, 196
transverse stability, 164
turbulence, 150
turbulent fluid flow, 237
turbulent state, 117

Ulam point, 157, 245

unimodal distribution, 196

unitary integrators, 34

unitary operator, 243

universality class, 197, 203

unstable direction, 101, 103, 104, 106, 109, 153, 222
unstable manifold, 54, 63-65, 72, 221, 223, 238

variance, 77

volume
conservation, 73
contraction, 21, 108, 237
fluctuations, 223

wave chaos, 242

wave front, 233

wave propagation, 173, 229
weather forecasts, 66
weighted dynamics, 79, 94
Wolfe-Samelson algorithm, 62

XOR operation, 186
zero Lyapunov exponent, 20, 24, 40, 67, 79, 90, 93,

96, 160, 172, 195
zeta function, 84, 86, 88, 131, 134, 135
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