
Index

2-cycle, 214
4-cycle, 214
8-cycle, 214
action, 34
adiabatic, 119
adiabatic incompressibility of

phase space, 97, 113
adiabatic linear response theory, 100
Anosov systems, 275
antisymmetric, 23, 24, 27
argon, 30
autocorrelation function, 59, 80

Bernoulli shift, 216
Boltzmann equation, 209
bond angles, 42
bond length, 42
Brownian motion, 79
Burnett coefficients, 21

canonical, 156
canonical momentum, 35
canonical variables, 36
capacity dimension, 222
chaotic hypothesis, 275
chaotic region, 215
chaotic systems, 211
characteristic function, 244
coarse grained entropy, 210
color current, 126
color current density, 126
color diffusion
isokinetic, 127

color field, 126
sinusoidal, 128

color-field autocorrelation
function, 156

complement, 84
conductance, 20
conductivity, 193, 256

strictly non-negative, 258
configurational temperature, 288
conjugate pairing rule, 236, 238, 242
conjugate trajectory, 270
conservation laws, 18, 68
conservation of angular momentum, 25
constant pressure, 156
constant stress, 161
constitutive relations, 26, 31, 32, 99
constraint plane, 40
continuity equation, 16
Control theory, 108
convective kinetic energy, 15
Couette flow, 28
Crooks’ relation, 280
cross product, 24
Curie’s principle, 24, 27, 28
current autocorrelation

function, 155
curvature, 39
curvature corrections, 254

D’Alembert’s principle, 34
degrees of freedom, 42

translational, 42
vibrational, 42

density function, 46
determinants, 255
difference equations, 211
differential constraint equation, 40
differential transient response, 190
diffusion coefficient, 82, 255
diffusive entropy flux, 19
dimensional contraction, 238
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direct differential response, 190
direct propagator, 85
direct response, 190
discrete entropy, 223
dissipated work, 279
dissipation function, 99, 273
dissipative flux, 97, 113
distribution function, 48, 211
singular, 217

distribution function propagator, 203
divergence theorem, 16
DOLLS tensor Hamiltonian, 133
Dorfman’s Lemma, 3
double contraction, 15
dyadic product, 13
dynamical zeta function, 253
Dyson, 116
Dyson decomposition, 64, 85, 171
Dyson equation, 205

Einstein notation, 14
elastic work, 300
electrical circuits, 282
elongational flows, 146
energy, 17
energy conservation equation, 73
energy continuity, 19
energy density, 72
energy flux, 16
enhanced long time tail, 141, 194
ensemble, 46
entropy, 210
entropy flux, 17
entropy source strength, 18, 19, 21
equations of motion, 36
Gaussian isokinetic, 44

ergodic, 54, 55
ergodic hypothesis, 275
ergodically consistent, 273
Evans heat flow algorithm, 151

fine-grained entropy, 292
first law of thermodynamics, 268
fixed point, 212
f-Liouvillean, 49, 171
fluctuation expressions, 260
fluctuation relation, 275
fluctuation theorem, 276
Gallavotti–Cohen, 276

fluid element, 69

fluid streaming velocity, 11
fluxes, 22
force of constraint, 39
forces, 22
Fourier’s law, 25
Fourier Laplace transform, 28, 62
f-propagator, 49
fundamental terms, 254

Gauss’ principle, 37, 43, 101, 228
Gaussian isokinetic, 104
Gaussian isokinetic dynamics, 111
Gaussian isokinetic thermostat, 131
Gaussian multiplier, 41
Gaussian thermostat, 268
Gear’s method, 124
generalized dimension, 224, 232
Generalized Langevin

equation, 86, 87
generalized mean, 225
generalized-theorem, 210
generalized zeta functions, 253
geodesic, 105
Gibbs entropy, 210, 292
Gibbs relation, 18
globally symplectic, 242
Gram–Schmidt procedure, 228
gravitational, 21
Green-Kubo, 95
correlation functions, 193

Green-Kubo relation, 82, 173,
176, 229

Hamiltonian, 35
Hamiltonian formulation, 105
Hamiltonian momentum, 105
Hamiltonian time, 105
harmonic oscillator, 45
heat capacity, 263, 267
constant pressure, 156, 265
isobaric, 267
specific, 263

heat flux, 19, 20
heat flux vector, 20, 72, 74, 76
microscopic Fourier transform, 76
microscopic representation, 72

heat transfer, 268
Heisenberg picture, 51
Heisenberg representations, 67
Helmholtz free energy, 273, 278
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Hermitian, 60
holonomic, 39
hyperbolic, 245

inertial frame, 300
infinite frequency shear

modulus, 28
infinitesimally symplectic, 242
information dimension, 222,

223, 232
instantaneous momentum

density, 69, 70
internal energy, 96, 268
internal energy density, 15, 93
invariant measure, 245
inverse theorem, 201
irreducible, 23
irreducible decomposition, 24
irreversibility, 257
Irving–Kirkwood procedure, 68
isobaric molecular dynamics, 159
isobaric–isoenthalpic, 159
isochoric, 156
isochoric heat capacity, 260
isoenergetic, 119
iso-energetic thermostat, 270
isokinetic, 156, 170
isokinetic distribution, 103
isokinetic distribution, 171
isokinetic equations of motion, 101
isokinetic Liouvillean, 112
isokinetic SLLOD algorithm, 138
isothermal, 119
isothermal linear response, 114
isothermal linear response theory, 96
isothermal–isobaric, 159
isotropic, 22
isotropic fourth rank tensors, 23

Jacobian matrix, 58, 246
Jarzynski equality, 277
Jarzynski’s equality, 282

Kaplan–Yorke conjecture, 229
Kaplan–Yorke dimension, 235
Kawasaki distribution, 170, 262,

271, 308
Lagrangian, 34, 272

Kawasaki distribution function, 192, 272
Kawasaki exponent, 181

Kawasaki map, 177
Kawasaki mapping, 181
Kawasaki representation, 175, 176
Kraynik–Reinelt boundary

conditions, 146
Kronecker delta, 22
Kronecker delta tensor, 22
Kubo relation, 2

Lagrangian, 34
Langevin equation, 79
Laplace transform, 62
Lebesgue measure, 217
Lees–Edwards boundary conditions, 130
Lees–Edwards periodic boundary

conditions, 4
left ordered, 203
left-ordered exponential, 58
Lennard-Jones

triple point, 30, 123
Lennard-Jones potential, 123
Levi-Civita, 23
linear constitutive relation, 121
linear irreversible thermodynamics, 21
linear response, 95
linear velocity profile, 131
linear viscoelastic fluids, 299
linear viscoelastic response, 140
Liouville equation, 48, 59, 111, 168, 203
Liouville operators

unrolling, 66
Liouvillean, 49, 98
local equilibrium, 17
local thermodynamic equilibrium, 17, 18
Lorentz gas, 255
Lorenz model, 211
Lyapunov dimension, 229
Lyapunov exponent, 57, 228

spectrum, 57
Lyapunov function, 220
Lyapunov instability, 196
Lyapunov spectrum, 58, 235, 245

magnetic fields, 21
mappings, 190
Markov partitions, 248
mass, 17
mass conservation equation, 69
mass continuity equation, 12, 19
mass density, 67, 69, 77
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Maxwell model, 29, 31, 300
Maxwell relaxation time, 28, 29
mean square displacement, 82
measure, 244, 247
mechanical transport coefficients, 95
memory function, 31
minimum image, 124
mixing, 55
mode coupling theory, 139, 190
momentum, 17
momentum conservation, 15
momentum continuity equation, 14
momentum density, 68
Mori dimension, 235
Mori–Zwanzig formalism, 87
moving frame, 300
multiplicative ergodic theorem, 58

natural invariant measure, 218
natural measure, 217, 245, 249
Navier-Stokes, 11, 25, 26, 27, 28,

32, 79
Navier-Stokes processes, 95
Navier-Stokes transport coefficients, 3
Newton’s law, 25
Newton’s laws, 33
Newtonian fluid, 28
non-analytic dependences, 139
non-analyticity, 169
nonequilibrium molecular

dynamics, 5
nonequilibrium steady state
entropy, 17, 210

nonequilibrium steady states, 54
nonholonomic, 39
nonlinear irreversible thermodynamics, 20
nonlinear response, 167, 175
nonlinear response theory, 193
nonlinear systems, 211
non-Markovian, 31, 79
non-mixing, 55
non-Newtonian, 32
normal stress coefficients, 140
normal stress differences, 184
Norton, 20
Norton ensemble, 152
Nosé equations of motion, 110
Nosé Hamiltonian, 108
Nosé iso-energetic, 110
Nosé-Hoover dynamics, 111

Onsager regression hypothesis, 83
Onsager’s regression

hypothesis, 86, 95
optical trap, 282
orbital measures, 248

peculiar velocities, 96
period doubling cascade, 214
period three, 215
periodic boundary conditions, 124
periodic orbit measure, 267
periodic orbit representation, 255
periodic points, 247
Perron–Frobenius operator, 248
phase point, 44
phase space, 44
compression, 48
compression factor, 50

phase space mappings, 177, 182
for SLLOD, 182

phase space separation, 195
phase variable, 49, 178
parity operator, 178

phase-space compression, 276
phenomenological transport coefficients,

21, 25
planar Couette flow, 130, 170, 173, 230,

301
p-Liouvillean, 171
Poincaré section, 239, 248
Poiseuille flow, 77
polar, 22
polar scalar, 21, 22
polar tensors, 22
potential
cutoff distance, 124

potential energy, 121
power law singularities, 238
p-propagator, 50, 200
pressure tensor, 13, 19, 72, 76
microscopic Fourier transform, 76
microscopic representation, 76
minimum eigenvalue, 298

principle of least action, 41
profile-biased thermostats, 142
profile-unbiased thermostats, 144
projection operator, 83
pseudo scalar, 21
pseudo vector, 22, 24
pseudo vector dual, 23
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quadratic map, 211

random force, 85
random propagator, 85
resolvent, 62
rheological effects, 139
right ordered, 201
Runge–Kutta methods, 125

Sarkovskii theorem, 216
scalar, 22
Schrödinger picture, 53
Schrödinger representation, 67
second-rank tensor, 14
self-diffusion, 125
sensitive dependence on initial

conditions, 212
shear dilatancy, 183, 184, 188
shear stress, 2, 28, 29
shear thinning, 138
shear viscosity, 2, 25, 130
frequency dependent, 163

singularities, 217
singularity sets, 225
singularity spectrum, 227
SLLOD algorithm, 134
soft sphere potential, 124
specific energy, 17
specific entropy, 18
specific total energy, 15
spectral determinant, 252
SRB measure, 248
SRB measures, 238
stability matrix, 58
stable, 212
stable manifold, 245
strain, 28
strain rate, 20, 28, 29
strain tensor, 28
streaming velocity, 28, 69
stress growth, 184
stress tensor, 13, 26
stress-strain hysteresis

curve, 304
stretching factor, 247
string phase, 142
subtraction method, 185
symmetric, 22
symmetric traceless, 22, 23, 24
symmetries, 177

symplectic, 36, 37
symplectic eigenvalue theorem, 243

temperature
Jepps, 288
kinetic, 78
nonequilibrium, 291
Rugh, 285
steady state, 289
thermodynamic, 78

temperature gradient, 20
the infinite frequency shear

modulus, 183
thermal conductivity, 21, 26, 93, 94, 150
thermal diffusivity, 93, 94
thermal transport coefficients, 99, 119
thermal transport process, 95
thermal velocities, 70
thermodynamic fluxes, 19
thermodynamic forces, 20
thermodynamic pressure, 297, 298
thermodynamic variables, 37
thermostats, 96
thermostatted Kawasaki distribution, 172
thermostatted nonlinear response, 175
thermostatting mechanism, 96
Thevénin, 20
Thévenin ensemble, 152
time correlation function, 59
time dependent external fields, 200
time dependent nonlinear response

theory, 207
time evolution, 45

operator, 58
time independent nonlinear response, 207
time ordering operators, 203
time reversal mapping

field dependent, 180
time-ordered exponentials, 200, 204
time-reversal, 177
topological dimension, 222
trace, 22
traceless, 23
trajectory mappings, 182, 189, 270
transfer operator, 249
transient fluctuation theorem, 270, 272
transient response, 190
transient time correlation function, 173,

174, 177, 262
differential, 185, 188
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transport coefficients, 21, 22, 27, 119
transport memory kernel, 80
transport tensor, 23
transpose, 24
triple point, 23
two-level system, 282

unitary, 61
unstable, 212
unstable manifold, 245
unstable periodic orbits, 248

van Kampen, 193
van Kampen objection, 6
variational formulation, 105

velocity autocorrelation
function, 84

viscoelastic constitutive relation, 90
viscoelasticity, 29, 87, 99, 138
viscosity, 21, 29, 87
viscous pressure tensor, 19, 20
viscous work, 300
vorticity, 24

Weeks-Chandler-Andersen, 123
work, 268

y-reflection, 177

zeroth law, 283
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