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Index

a
activation energy 301
addition principle 5
affinity 63, 66
angular momentum 130, 391

– center of mass 391
– relative 391

antisymmetrized states 126, 171,
380

average relative speed 297
average speed 298
Avogadro’s number 14, 218
axial vector 258

b
balance equations (superfluid) 248

– energy 253, 285
– entropy 253, 256, 285, 287
– mass 250, 284
– momentum 250, 252, 285
– probability 361

ballistic electron waveguide 236
– average current 238
– conductivity 240
– Joule heat 241

BCS theory (see superconductors,
BCS theory) 197

Belousov–Zhabotinski reaction 330
binary mixture

– chemical stability 51, 94
– classical 93
– critical point 95
– He3-He4 100
– metastable state 95

binomial distribution 351
binomial theorem 10
black-body radiation 179
bogolons 199
Boltzmann constant 9, 121

Boltzmann equation 295, 303–304,
308

– linearized 306
Bose–Einstein condensation 186

– in harmonic trap 190
– rubidium 189, 191
– sodium 189–190

Boussinesq approximation 338
Brillioun peak 274
Brownian motion 207–208, 212

– probability density 215
Brusselator 328, 330

– boundary conditions 332
– chemical reaction 331
– near equilibrium steady state

331
– rate equations 331

c
canonical ensemble 121
Carnot engine 24, 28

– efficiency 25–26
– entropy 26
– ideal gas 26
– universality 24

causality 228
Celsius temperature scale 26
center of mass displacement 389
center of mass velocity 297
Central Limit Theorem 11, 358
chain rule 370
characteristic function 349
chemical clock 330, 335
chemical crystals 335
chemical equilibrium 63
chemical potential 285

– Fermi–Dirac ideal gas 195–196
– ideal gas 31
– table of values 63
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chemical reaction 61, 303
– affinity 63, 66
– degree of reaction 62
– enothermic reaction 65
– equilibrium 63
– exothermic reaction 65
– heat of reaction 65, 67
– law of mass action 64
– stoichiometric coefficients 62

chemical waves 330, 335
CIMA chemical reaction 336
classical gas

– ideal 16
– interacting 131, 135

Clausius–Clapeyron equation 80
– superconductor 103

closed system 22, 122
cluster function 173
cluster integral 174
coexistence curve

– classical PVT system 80
– definition 77
– He3 100
– He4 97
– magnetic system 114

collision frequency 297
collision operator 306

– Boltzmann 306
– Lorentz–Boltzmann 308

combination 7
compressibility

– adiabatic 43
– isothermal 43, 170

concave function 50
conditional average 223
conditional probability 346
conductance

– Landauer 242
conductivity

– ballistic electron waveguide
240

– thermal 258
configuration integral 131, 172
continuous phase transition

– definition 78
convective time derivative 249–250
convex function 50
cooling of gases 55

– inversion temperature 57
Cooper pairs 197
correlation function 351

– Brownian harmonic oscillator
213

– Brownian particle 210
– critical exponent 154
– density 132, 268
– magnetic density 146
– magnetization density 134
– spectral density 212
– state variables 221
– stationary 210
– velocity 210
– white noise 209

correlation length 146, 153
– critical exponent 154

correlation matrix
– state variables 225

critical exponent
– correlation function 154
– correlation length 154

critical exponents 110
– S4-model 163
– α 112, 114, 116, 151, 161
– � 112, 114, 116, 150, 161
– γ 112, 114–115, 151, 161
– δ 111, 113, 115, 150, 161
– definition 110
– exact Ising 163
– experimental values 163
– magnetic systems 113
– mean field theory 114, 163
– PVT systems 111
– van der Waals gas 114

critical point 79
– fluctuations 146

critical temperature
– 2d Ising system 147
– Bose–Einstein condensation

190
– Bose–Einstein ideal gas 188
– superconductor 201

cross section 392
– center of mass 304, 392
– lab frame 392

cumulant expansion 159, 173, 349
Curie’s principle 257
current

– entropy 256
– momentum 252

current operator 238
curvilinear coordinates 255
cylindrical coordinates 256

d
Debye solid 135

– density of states 138
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– heat capacity 138
– partition function 136

Debye temperature 138
degree of reaction 62
density

– microscopic 272
density matrix 364

– reduced one-body 382
– reduced two-body 382
– reduced, one body 365
– reduced, two body 365

density of states
– aluminium 138
– Debye solid 138
– Einstein solid 138
– harmonic potential 185

density operator 363
– canonical ensemble 123
– grand canonical ensemble 169
– perturbed 236
– superconductor 198

detailed balance 217
diamagnetism 102
Dieterici equation of state 71
diffusion coefficient 212, 218,

278, 354
– experimental data 278–279

Dirac delta function 18
dispersion relation

– diffusion process 309
dissipative structure 327, 336

– chemical clock 335
– chemical waves 335
– steady-state spatial structure

334
Doppler shift 269
dyatic tensor 252

e
eigenstate

– of momentum operator 377
– of position operator 377

Einstein A coefficient 180
Einstein diffusion coefficient 278
Einstein solid 14

– density of states 138
– entropy 16
– heat capacity 16
– internal energy 16

elastic collisions 304
elastic scattering 390
electric polarization 270
electrochemical potential 39, 280

endothermic reaction 65
energy

– magnetic 13
energy conservation 23
energy fluctuations 124
enthalpy 34–35

– fundamental equation 34
– Maxwell relations 34

entropy 9, 24, 26, 29
– bogolons 203
– Bose–Einstein ideal gas 189
– Einstein solid 15
– extremized at equilibrium 28
– Gibbs 121
– homogeneous function 30
– ideal gas 18
– microscopic states 9
– mixing 32
– source term 256
– spin system 11

entropy production 328
– minimization 329
– mixtures 279
– thermoelectricity 280

entropy transport parameter 282
equation of state 30

– classical ideal gas 19
– Dieterici 71
– magnetic system 14
– van der Waals 44
– virial expansion 174

equipartition theorem 210–211
ergodic theorem 9, 226, 374
ergodicity 121, 373
Euken number 324
Euler’s equation 30
exact differentials 22–23, 369
exothermic reaction 65
expansivity, thermal 43
expectation value 363
extensive variables 21

f
Faraday’s constant 39, 280
Faraday, F 39
Fermi energy 192, 195
Fermi sea 192
Fick’s law 278, 308

– from hydrodynamics 277
first law (see laws of thermodynamics)

23
first order phase transition

– definition 78



�

�

Reichl: A Modern Course in Statistical Physics — 2009/5/27 — 17:26 — page 406 — le-tex

�

�

�

�

�

�

406 Index

fluctuation–dissipation theorem 231
fluctuations

– about equilibrium 12
– correlations 52
– current 211, 242
– decay rate 208
– density 269
– dynamic 208, 221
– energy 124
– entropy 52
– moments 53
– near critical point 146
– particle number 169
– probability density 222
– probability distribution 12,

52–53
– regression 223
– state variables 221
– thermodynamic 45
– time rate of change 225

fluid particle 249
Fokker–Planck equation 212

– Brownian harmonic oscillator
220

– spectral decomposition 218
– strong friction limit 217

fountain effect 99
Fourier transform 262
free expansion 55, 71
fugacity 183, 192
fundamental equation 29, 124
fusion curve 80

g
Galilean transformation 285
gap function 198, 201

– zero temperature 202
gauge symmetry 198
Gauss’s theorem 251
Gaussian distribution 11, 353

– multivariant 355–356
Gaussian model 163
generalized current 222, 328
generalized displacement 22–23
generalized force 22–23, 222, 328
Gibbs entropy 121
Gibbs free energy 37

– binary mixture 94
– first order phase transition 79
– fundamental equation 38
– Maxwell relations 38
– stability condition 50

Gibbs paradox 32

Gibbs phase rule 76
Gibbs–Duhem equation 31
Ginzburg–Landau theory 104

– coherence length 110
– critical point 105
– heat capacity 106
– magnetic fluctuations 145
– magnetic systems 108
– superconductor 109
– superfluids 108
– susceptibility 107

grand canonical ensemble 167
grand partition function 169

– black-body radiation 179
– Bose–Einstein ideal gas

182–183
– cumulant expansion 173
– Fermi–Dirac ideal gas 182, 192

grand potential 38, 40
– black-body radiation 179
– Bose–Einstein ideal gas 183
– cluster expansion 173
– Fermi–Dirac ideal gas 192
– fundamental equation 38
– Maxwell relations 38

h
Hamilton’s equations 359
Hamiltonian

– electron fluid 197
– Ising system 139
– N-body 377
– phonons 135
– spin block 153
– triangular lattice 158

harmonic oscillator 135
heat capacity 40, 42

– 2d Ising system 147
– along coexistence curve 82
– Bose–Einstein ideal gas 189
– coexistence region 87
– Debye solid 138
– Einstein solid 16
– Fermi–Dirac ideal gas 196
– Ginzburg–Landau theory 106
– Ising mean field theory 144
– superconductor 104, 203

heat engine
– Carnot engine 24, 28
– efficiency 24
– steam engine 90

heat of reaction 65, 67
Heaviside function 18
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helium liquids 96
– He3 99
– He3-He4 100
– He4 97

Helmholtz free energy VI, 35, 37
– fundamental equation 36
– Maxwell relations 36
– stability condition 50

Hertz potential 270
homogeneous function 148, 150
hydrodynamic equations 248, 268,

311, 313
– Boussinesq approximation 338
– entropy source term 253
– linearized 260
– mixtures 274, 284
– Navier–Stokes equations 258
– Rayleigh–Bénard instability

337
– solution to 263, 266
– superfluids 284

hydrodynamic mode 309
– heat mode 314
– longitudinal 265
– shear 314
– sound modes 314
– transverse 264

hydrodynamics 247
hydrostatic presure 285

i
ideal fluid 251
ideal gas

– Bose–Einstein 182–183
– classical 16
– Fermi–Dirac 182, 191
– quantum VIII, 181, 197
– semiclassical 125

incompressible fluid 249
independent events 346
indistinguishable particles 8
intensive variables 21
internal energy 23, 33–34

– Debye solid 136
– Einstein solid 16
– Fermi–Dirac ideal gas 196
– fundamental equation 33
– Maxwell relations 33

inversion temperature 57
– H2, CO2 57

irreversible process 28
Ising system

– 1d exact solution 140

– 2d exact solution 146
– critical temperature in 2d 147
– Hamiltonian 139
– heat capacity in 2d 147
– mean field theory 142
– partition function 139

isolated system 22, 122

j
Jacobian 249, 355
Joule coefficient 71
Joule heat 222

– ballistic electron waveguide
241

– hydrodynamic 256
Joule heating

– generalized 328
Joule–Kelvin coefficient 56

– ideal gas 56
– van der Waals gas 56

k
Kadanoff scaling 152, 155
Kelvin temperature scale 26
Kramers–Kronig relations 229

l
Lagrange multipliers 122–123, 168
Landauer conductance 242–243
Langevin equation 207, 209

– Brownian harmonic oscillator
213

Laplace transform 263
latent heat 79–81

– of fusion 81
– of sublimation 82
– of vaporization 81

law of corresponding states 84
law of mass action 64
laws of thermodynamics 21

– first law 21, 23
– second law 21, 24
– third law 21, 28, 189
– zeroth law 21

Le Châteliers’s principle 49
Legendre transformation 34
Lennard-Jones potential 172, 176
lever rule 84
lighting scattering 268
linear response theory 226

– microscopic 235
Liouville equation 362
Liouville operator 362
local equilibrium
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– conditions 46
longitudinal average velocity 314
longitudinal kinetic viscosity, νl 263
Lorentz gauge 270
Lorentz–Boltzmann equation 306
Lorentzian 268

m
Markov Chain 358
mass current 250
Maxwell construction 90
Maxwell distribution 129
Maxwell–Boltzmann distribution

296, 302
mean field theory

– heat capacity 144
– magnetic susceptibility 144
– spin lattice 142

mean free path 296, 298
mean value 348
metastable state 49, 95
microcanonical ensemble 122, 376
microscopic states 52, 222
mixed state 364
mixtures 51, 93

– entropy source 276
– hydrodynamic equations 274

moment of stochastic variable 348
moments

– equilibrium fluctuations 53
– thermodynamic 54

MOT 190
multiplication principle 6
multiplicity 9

– Einstein solid 14
– ideal gas 16
– spin states 10

mutually exclusive events 345

n
Navier–Stokes equations 258, 337
noise

– electrical 211
nonlinear equations 327
number representation 377

– bosons 383
– fermions 385

o
Ohm’s law 225

– generalized 328
– generalized to mixtures 279
– generalized to superfluid 288

– generalized to themoelectricity
280

– hydrodynamic 257
Onsager’s relation 208, 225,

280, 282, 288, 328
– verification 283

open system 22, 122, 167
operator

– N-particle one-body 382
order parameter

– Bose–Einstein ideal gas 188
– Ising mean field theory 142

order–disorder transition 139
Oregonator 330
osmotic pressure 58

p
particle number operator 198
partition function 381

– canonical ensemble 124
– Debye solid 136
– internal degrees of freedom

128
– Ising system 139
– semi-classical approximation

131
– semiclassical point particles

128
partition of sample space 346
Peltier effect 280
Peltier heat 281
permutation 6
perturbation theory

– degenerate systems 315
phase diagram

– classical PVT system 79
– He4 97

phase function
– n-body 362
– expectation value 362

phase space 214
phase transition

– continuous (see continuous
phase transition) 78

– equilibrium 75
– first order (see first order phase

transition) 78
– nonequilibriium 327
– nonequilibrium, definition 329
– PVT system 79

phonons 135
photons 179
Planck distribution 179
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Planck’s formula 136
Planck’s law of radiation 180
Poisson bracket 362
Poisson distribution 356
polar vector 258
power absorption 233

– susceptibility 235
power law 149
Prandl number 340
pressure

– black-body radiation 180
– Bose–Einstein ideal gas 186,

194
– classical ideal gas 194
– Fermi–Dirac ideal gas 194
– hydrostatic 251

pressure tensor 251, 256, 312
probability 345

– definition 345
probability current

– Brownian motion 217
probability density

– Brownian motion 215, 218
– classical phase space 359
– fluctuations 222

probability density operator (see
density operator) 123

probability distribution
– equilibrium fluctuations 53

pure state 364

r
radial distribution function 132
random variable 347
random walk 354
Rankine cycle 90
rate equation 302
Rayleigh number 341
Rayleigh peak 274
Rayleigh–Bénard instability 328, 337

– boundary conditions 339
– linear stability analysis 340
– near equilibrium steady state

337
Rayleigh–Schrödinger perturbation

theory 309
reaction rate 301
relative displacement 389
relative velocity 297
renormalization transformation 157

– fixed points 160
response functions 22, 40, 43

– coexistence region 85

retarded solution 271
Riemann zeta function 185
rotational kinetic energy 130
rotational temperature 130
Rushbrook inequality 113

s
S4-model 161
Sackur–Tetrode equation 19,

31, 128
sample space 345
scaling 148

– Kadanoff 152
– Widom 149

scattered light 270
– intensity IX, 272, 274

scattering theory 389
Schlogl chemical model 343
Schrödinger equation 364
second law (see laws of

thermodynamics) 24
Seebeck effect 282
self-similar lattice 155
Slater determinant 381
solute 277
solvent 277
Sonine polynomials 319
Soret coefficient 279–280
spectral density 273

– Brownian motion 212
– density fluctuations 268

spectral density matrix 226
speed of sound 263, 316
spherical coordinates 256
spontaneous emission 180
stability

– chemical 49, 51, 94
– entropy 28, 52
– Gibbs free energy 50
– Helmholtz free energy 50
– linear analysis 333, 336, 340
– local 46
– local equilibriium 45
– mechanical 49
– near equilibrium 328–329
– thermal 49
– thermodynamic 45

standard deviation 348
state variables 21, 221
stationary process 268
stationary state 365
statistical independence 55
steam engines 90
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Stefan’s constant 180
stimulated emission 180
Stirling’s approximation 11
stochastic variable 347

– continuous 348
– discrete 348
– jointly distributed 350

stoichiometric coefficients 62, 303
Stokes friction 212, 261
stress tensor 251, 257

– superfluid 285
structure function 132, 375

– fluid density 133
– magnetic 134
– magnetic fluctuations 146

superconductors 101
– BCS theory 197
– bogolons 199
– critical temperature 103, 201
– heat capacity 203
– interacting Fermi fluid 197
– mean field theory 197
– momentum condensation 197

superfluid
– He3 99
– He4 97
– hydrodynamic equations 284

superfluid hydrodynamics
– first sound 290
– fourth sound 291, 293
– second sound 290

superfluid velocity 285
surface tension 47, 71
susceptibility 42

– adiabatic 43
– Brownian motion 228
– causality 230
– dynamic 228
– Ginzburg–Landau theory 107
– Ising mean field theory 144
– isothermal 42
– magnetic 134, 146
– power absorption 235

symmetric tensor 258
symmetrized states 126, 171, 379

t
tensors

– orthogonality 252
thermal diffusion 279
thermal diffusivity, � 263
thermal expansivity 43
thermal noise 242

thermocouple 293
thermodynamic branch 327
thermodynamic potentials 32, 40
thermodynamic stability (see stability)

45
thermoelectricity 280
thermomechanical effect 97
third law (see laws of

thermodynamics) 28
Thompson heat 284
throttling process 56
time reversal invariance 221, 223
transition matrix 359
transport coefficient 225, 248,

257, 295
– bulk viscosity, � 258
– diffusion, D 279, 299–300, 310,

320, 354
– generalized conductivities 257
– shear viscosity, η 258, 300, 318
– shear viscosity, η, values 324
– superfluid 288
– thermal conductivity, K 258,

279, 301, 318, 322
– thermal conductivity, K, values

323
– thermal diffusion, DT 280

transverse average velocity 314
transverse kinetic viscosity, νt

263, 314
triangular lattice 158
tricritical point

– He3-He4 100
triple point 79, 84
Turing structures 335

v
van der Waals

– adiabatic compressibility 44
– constants 57
– thermal expansivity 44

van der Waals equation 87
– critical exponents 114
– critical point 88

van’t Hoff’s law 60
vaporization curve 79, 81
variance 348
virial coefficient

– second VII, 69, 174, 178
virial expansion 69, 172
viscosity

– bulk 258
– shear 258
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vortex line 264
vorticity 264

w
white noise 209
Wick’s theorem 209, 215,

240, 356, 387

Widom scaling 149, 151
Wiener–Khintchine Theorem 212,

225
work

– mechanical 23




