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201
additive random process, 146
adiabatic
demagnetization, 235
expansion, 52, 61
process, 43
quasistatic, 49, 50
wall, 34
anharmonic oscillator, 349
antiferromagnet, 207, 256, 257
approach to equilibrium, 7, 26
argon, 5, 8, 390, 433
arrow of time, 2, 3, 21
atmospheric pressure, 36
automobile engine, 100
available work, 80
Avogadro’s number, 14, 37, 372, 469

Bayes theorem, 122, 123
false positives, 126
Let’s Make A Deal, 125
Benford’s law, 168
Bernoulli numbers, 470
Bernoulli process, 127, 132
Bethe approximation, 279, 281
bicycle pump, 29, 44
binary alloy, 270
binomial distribution, 133, 134, 136, 138, 140,
148, 153, 162, 165-167, 474
binomial theorem, 134
black holes, 97, 98
blackbody radiation, 80, 81, 320-324
chemical potential, 320, 321
Planck distribution, 321
Rayleigh-Jeans law, 323
Wien’s displacement law, 322

Wien’s law, 323
Boltzmann distribution, 156, 182, 202, 271, 304,
362
Boltzmann’s constant, 196, 469
Bose-Einstein condensation, 336, 339, 354
Bose-Einstein distribution, 313

Calorie, 45
canonical ensemble, 200, 202-204, 207-209, 232,
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361, 374
fluctuations, 204, 222
simulation, 217
carbon dioxide, 368
Carnot cycle, 60, 62, 71
Carnot engine, 59, 60
Carnot refrigerator, 63
central limit theorem, 145, 146, 148, 156, 160,
308
chaos, 20
characteristic function, 157-159
chemical equilibrium, 357, 367, 383
chemical potential, 72, 77, 78, 361
blackbody radiation, 321
demon, 363
excess, 363
ideal gas, 300, 318
interpretation, 357-362, 364, 366
Widom insertion method, 361-363
chemical reactions, 382
classical partition function, 303
Clausius, Rudolf, 53, 392
statement of second law, 55, 224
Clausius-Clapeyron equation, 369-372
coarse graining, 451
coefficient of performance, 63
compressibility, 84, 377, 382
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adiabatic, 103 density of states, 186, 195, 223, 226, 289, 313—
isothermal, 80, 84, 103, 228, 342, 343, 382, 316
430, 431 simulation, 266—269
compressibility equation, 430 diagrammatic expansion, 278, 279, 397, 400, 403~
compressibility relation, 420, 431 406, 413
connectedness length, 449 diatomic molecules, 306, 347, 348
constant pressure ensemble, 229 diesel engine, 53
convolution integral, 158, 419, 476 dimensionless quantities, 23
cooperative effects, 255, 291, 334, 366, 423 direct correlation function, 418, 424
copper, 99, 327, 328 domain, 246, 249
correlation function, 255, 440, 445 Dulong and Petit, law of, 305, 335

e(r), 418, 424 ’
g(r), 408-415, 419-421, 423, 426-428, 430, efficiency, 2, 4, 54, 58-60, 62-64, 70, 101

431, 433 Einstein solid, 176, 200, 333, 334, 358
h(r), 418, 419 Metropolis algorithm, 218
spin-spin, 241-243, 254, 290 electron-volt, 470
correlation length, 243, 248, 254, 255, 291, 292, ensemble, 118
440-442, 449, 457 canonical, 200, 202, 203, 207, 209, 232, 233,
corresponding states, law of, 376 238, 239, 271, 294, 304, 306, 321, 361,
cosmic microwave background, 322 374
critical exponents constant pressure, 229
o, 253, 255, 292 grand canonical, 200, 218, 272, 311, 317,
3, 253, 255, 438, 449, 450 430, 431
4, 254, 255, 438 microcanonical, 175, 195, 196, 199, 200, 203,
n, 254, 255, 441 204, 206, 216
7, 253, 255, 260, 382, 438, 448-450 ensemble average, 13, 21, 26
v, 254, 255, 449, 452, 453 enthalpy, 47, 78, 79, 83, 86, 102, 370, 385
Ising model, 255 of fusion, 371
mean-field, 263 of sublimation, 371
percolation, 449 of vaporization, 371, 372
scaling relations, 444, 445 entropy, 3-5, 13, 53, 55-58, 63-65, 67, 79, 99,
critical point, 254, 255, 260, 281, 368, 374, 380, 100, 196-198, 205-207, 224, 359
437, 443 as thermodynamic potential, 73
cumulant, 144, 157, 158, 398, 399, 462 black hole, 97
Curie law, 235 free expansion, 67
Curie-Weiss law, 260 ideal gas, 74, 197
information, 207
de Broglie wavelength, 187, 327, 338 not a measure of disorder, 220
thermal, 295, 324, 326 of mixing, 301, 302
Debye theory, 354 quasistatic adiabatic process, 69
Debye temperature, 335 Sackur-Tetrode equation, 198, 300, 320
Debye wave number, 354 equal a priori probabilities, 174
Debye-Hiickel theory, 422-425 equal area construction, 379
decimation, 455 equation of state
degenerate, 324 Bose gas, 341, 353

delta function, 426, 474 Carnahan-Starling, 407, 408, 421
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energy, 45
Fermi gas, 352
ideal gas, 38, 45, 198, 297, 320
pressure, 37
van der Waals, 38, 45, 373, 376, 379, 387,
397, 416
virial, 413, 420, 421
virial expansion, 396
Weeks-Chandler-Andersen, 417
equilibrium
chemical, 72
history independence, 13
mechanical, 72, 77, 367
thermal, 34, 35, 56, 72, 181, 201, 358, 364,
367
thermodynamic, 57
equilibrium constant, 384
equipartition theorem, 228, 303-305, 328, 347
ergodic hypothesis, 21, 216
Euler-Maclaurin formula, 471
exact enumeration, 239, 241
extensive variable, 46, 47, 77, 102, 203, 300, 333,
343, 395, 400, 402

factorial, 194, 473

Fermi energy, 325

Fermi integral, 476

Fermi momentum, 325

Fermi surface, 326

Fermi temperature, 326

Fermi-Dirac distribution, 312, 313, 324, 325, 345
first passage time, 167

first-order phase transition, 264, 269, 270
fluctuation-dissipation theorem, 235

Fourier transform, 474

free expansion, 69, 84-86

frustration, 257

fundamental thermodynamic relation, 73, 205

Gamma function, 194, 473

Gaussian distribution, 140, 165, 474

Gaussian integral, 296, 471

geometric series, 211, 289, 425

Gibbs distribution, 363

Gibbs free energy, 77, 79, 367, 369, 376, 378,
383, 385, 437

480

Gibbs paradox, 301, 303

Gibbs probability distribution, 219

Gibbs-Duhem equation, 78, 378, 385

grand canonical ensemble, 200, 218, 272, 311,
317, 430, 431

grand partition function, 219, 272, 311

hard core interaction, 22, 390
hard disks, 22, 221, 390, 396, 407, 410, 414
hard rods, 22, 390, 433
hard spheres, 22, 390, 396, 420
harmonic oscillator, 176, 188, 189, 200, 211, 212,
228, 303-305, 333, 348, 350
heat as a fluid, 44
heat bath, 57, 64-67, 75, 76, 79, 100, 201, 202,
213, 290
heat capacity, 233
constant pressure, 47
constant volume, 46
Dulong and Petit, 305
ideal gas, 47
heat pump, 63
Heisenberg model, 275, 444
helium, 386
Helmholtz free energy, 76, 77, 79, 93, 208, 209,
241, 343, 376, 408
high temperature expansion, 277, 279, 399, 403,
404, 424
hypernetted-netted chain approximation, 421
hysteresis, 266, 267

ice, 67

ice point, 36

ideal Bose gas, 336
Bose condensation temperature, 341
numerical solution, 337
phase transition, 340

ideal classical gas, 22, 294
chemical potential, 300
entropy, 297, 299
equation of state, 297
free energy, 299

ideal Fermi gas, 324
chemical potential, 329
ground state, 324
heat capacity, 331
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low temperature, 327
intensive variable, 46, 47
internal energy, 43, 45, 46, 79
Ising model, 23, 237, 444
antiferromagnet, 207, 256, 257
critical temperature, 250
fully connected, 282
one dimension, 238, 455, 457
absence of phase transition, 248
magnetization, 248
renormalization group method, 455
Onsager solution, 237, 250, 252, 253, 263
phase diagram, 264, 266
simulations
one dimension, 245
two dimensions, 255
transfer matrix, 459
two dimensions, 249, 460
isothermal compressibility, 374
isothermal expansion, 61
isothermal susceptibility, 234

Joule-Thomson process, 86, 433
Kosterlitz-Thouless transition, 467

Lévy flight, 168

Lagrange’s method of undetermined multipliers,
154-156

Landau potential, 78, 79, 102, 219, 312, 313,
317, 319, 324, 327, 336, 344

Landau theory of phase transitions, 436-439

Landau-Ginzburg theory, 438, 441

latent heat, 370

lattice gas, 270, 271, 273

law of atmospheres, 348

law of large numbers, 118

law of mass action, 384

law of rectilinear diameters, 380

Le Chatelier’s principle, 385

Legendre transform, 91-93

Lennard-Jones potential, 6, 217, 363, 390, 391,
396, 400, 410, 417, 432

liquid-gas transition, 444

long-range interactions, 397

low temperature expansion, 275-277
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macroscopic occupation, 339
macrostate, 33, 173
magnetization, 233
maximum uncertainity, 174
maximum work, 69
Maxwell construction, 379
Maxwell relations, 82, 83, 87, 90, 342, 343
Maxwell speed distribution, 308
Maxwell velocity distribution, 306, 307, 348
Maxwell-Boltzmann distribution, 313, 318
Mayer function, 392, 393, 396, 405, 406, 414, 432
mean distance between particles, 295
mean spherical approximation, 421
mean-field theory, 258, 260-263, 283, 292, 436
Ginzburg criterion, 442
metastable state, 369, 377
Metropolis algorithm, 217, 218, 245, 255, 271,
290, 362, 410, 466
microcanonical ensemble, 175, 195, 196, 199, 200,
203, 204, 206, 216
microstate, 13, 173
molecular dynamics, 216, 409
moment generating function, 398
Monte Carlo, 138
chemical demon algorithm, 363, 364
demon algorithm, 216, 363
importance sampling, 217
integration, 162
Metropolis algorithm, 217, 218, 245, 255
sampling, 138
Wang Landau algorithm, 269

neutron stars, 350
noninteracting spins, 128, 231
heat capacity, 233
magnetization, 235
susceptibility, 235
nucleating droplet, 285
critical size, 286
nucleation, 284, 285
numerical solutions
Bose gas, 337, 477
Einstein solid, 180, 181
Fermi gas, 329, 476
finite size effects, 191
self-consistent equation, 259
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occupation number representation, 309, 310
one-component plasma, 421

order parameter, 255, 436, 444, 446, 449
Ornstein-Zernicke equation, 418-421, 431
Otto cycle, 100

packing fraction, 406, 407
pair correlation function, 418, 419
paramagnetism, 231
partial derivatives, 89, 90
partition function, 202, 209
ideal gas, 299
noninteracting spins, 232
one-dimensional Ising model, 241
Pauli exclusion principle, 310, 326
percolation, 445
cluster size distribution, 447
clusters, 446
connectedness, 446
connectedness length, 449, 450, 452, 455,
466
critical exponents, 449
finite size scaling, 450
order parameter, 446
percolation threshold, 450
recursion relation, 452
scaling relations, 450, 451
spanning cluster, 446
spanning rules, 451
perpetual motion machine, 54
perturbation theory of liquids, 414
phase coexistence, 367-370, 373, 378, 379
phase transition, 366
continuous, 264, 269, 444-446
discontinuous, 266
entropy driven, 221
entropy-driven, 221, 229
first-order, 264
geometrical, 445, 446, 451
Planck distribution, 321
Planck’s constant, 469
Poisson distribution, 148, 149, 151, 344, 474
Potts model, 269, 291, 449
power law behavior, 169, 170, 253-255, 260, 263,
272, 380, 438, 443, 451, 466
pressure, 15
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ideal gas, 37
thermodynamic, 71, 72
principle of least bias, 174
probability
addition rule, 110
Cauchy, 145
coherent bet, 117
degree of belief, 116, 117
events, 109
expected value, 114
information, 107, 116, 119
interpretation, 116
Lorentz, 145
mean, 113
moment, 114
multiplication rule, 111
normalization, 110, 113
rules, 109
sample space, 109
trial, 109
probability density
Cauchy, 145
exponential, 143, 149
Gaussian, 138, 140, 144
log-normal, 153
Lorentz, 145, 147
uniform, 144
programs
ApproachToEquilibrium, 9
Binomial, 133
CentralLimitTheorem, 146
ChemicalDemon, 364, 365
CoinToss, 118
EinsteinSolidChemicalPotential, 359
EinsteinSolids, 180, 183, 184
EntropyEinsteinSolid, 181
HardDisksMD, 221, 409
HardDisksMetropolis, 409
IdealBoseGasIntegral, 337, 338
IdealFermiGasIntegral, 329
IdealGasNumberOfStates, 191
Ising1D, 245
Ising2D, 256, 265, 284, 292
Ising2DHysteresis, 265
IsingAnitferromagnetSquareLattice, 257
IsingAntiferromagnetHexagonalLattice, 257
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IsingDensityOfStates, 269 coin toss, 118
IsingMeanField, 259, 262 demon
LatticeGas, 272 Einstein solid, 215
LJ2DMD, 14, 409 ideal gas, 17, 214, 308
LJ2DMetropolis, 409 Einstein solid, 218
LJThermalEquilibrium, 16 hard disks, 221
MDApproachToEquilibriumThreePartitions, Ising model
7 antiferromagnet, 257
MDApproachToEquilibriumTwoPartitions, 9 one dimension, 245
MonteCarloEstimation, 162 two dimensions, 255, 265
MultiplicativeProcess, 154 Lennard-Jones fluid, 14
Percolation, 449 microcanonical ensemble, 215
PottsModel, 270 random walk, 137
RandomWalk1D, 137 thermal contact, 16
RandomWalk1DContinuous, 143 Wang Landau algorithm, 269
RGPercolation, 451 single particle density of states, 314
SecondVirialCoefficient, 432 electrons, 316
Sensitivity ToInitialConditions, 19, 20 photons, 316
TemperatureMeasurementEinsteinSolid, 215, specific heat, 47, 255, 261, 438
218 copper , 99
TemperatureMeasurementldealGas, 17, 214 glass, 48
WidomlInsertionMethod, 363 water, 48
spin exchange dynamics, 271
quasistatic adiabatic process, 49-51 spinodal, 377

. o ) spinodal decomposition, 273
radial distribution function, 408-415, 419-421, square well potential, 432

423, 426-428, 430, 431, 433 standard deviation, 115, 146, 148, 159, 162, 178,
random multiplicative processes, 152 180. 344
randor,n wal.k, 131, 137, 146, 165, 267 standard deviation of the means, 148
Lévy flight, 168 standard temperature and pressure, 36
variable step length, 141, 143 state function. 43. 44
renormalization group method static structure function S(k), 428-430

cell—to—ct.ell, 454 statistical mechanics, 2
fixed points, 452, 455, 457, 464 steam point, 36

one-dimensional Ising model, 455 Stefan-Boltzmann constant, 323

percolation, 451-453 Stefan-Boltzmann law, 324

two-dimensional Ising model, 459, 465 Stirling’s approximation, 136, 139, 472, 473
reservoir, H4, 57, 218, 311 sublimination, 368

Riemann zeta function, 476 superconductor, 444

superfluid, 444
surface tension, 285
susceptibility, 255, 441

scale invariance, 255
self-similarity, 451
semiclassical limit, 187, 191, 193, 194, 298

simulations, 23 system, 32
approach to equilibrium, 7, 9 boundary, 32
o . "o closed, 32

canonical ensemble, 217, 218, 245, 255, 271 .
composite, 55
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isolated, 13, 43, 175, 195
macroscopic, 1

open, 32

surroundings, 32

Taylor series, 27, 138, 399, 470
temperature, 16
Celsius, 36
Centigrade, 36
Fahrenheit, 36
ideal gas, 57, 70
Kelvin, 35
thermodynamic, 56, 57, 59, 60, 70, 71, 199
thermal expansion, 52
thermal expansion coefficient, 80, 84, 87
thermodynamic potential, 77
thermodynamic potentials, 77
thermodynamic process, 38
adiabatic, 43, 49-51
free expansion, 67, 68, 70
irreversible, 38, 65
isobaric, 41
isothermal, 40, 51
quasistatic, 38, 69
quasistatic adiabatic, 51, 58, 69
ideal gas, 50-53
reversible, 38, 55
thermodynamics, 2
combined first and second laws, 72
first law, 19, 43
second law, 5, 13, 53
Clausius statement, 55, 57
engines, 57
Kelvin statement, 54
third law, 74
zeroth law, 35
thermometer, 17, 35, 366
demon, 17, 213, 214, 217
ideal gas, 35
time average, 21
Tonks gas, 433
toroidal boundary condition, 6-9, 15, 20, 225,
239, 246, 247, 276, 278, 289, 290, 455
traffic flow, 149
transfer matrix, 246, 291, 459
triple point, 35, 36, 71, 95, 368, 373
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two state system, 209, 219, 227, 228, 239

uncertainty, 119-121
universal gas constant, 469
universality, 444

upper critical dimension, 443

van der Waals
equation of state, 38, 45, 373, 397, 417
critical point, 374, 380
liquid-gas coexistence curve, 379
mean-field behavior, 380, 382
van der Waals interaction, 6, 390
variance, 115, 129, 130, 136, 137, 140, 143, 145,
147, 149, 159, 166, 203, 344
virial, 15, 392
virial coefficients, 406
B-, 393, 396, 397, 433
Bs, 425
hard spheres, 407
virial expansion, 392
Bs, 432
coefficients, 392
volume of a hypersphere, 194, 222

wall
adiabatic, 34
conducting, 34
insulating, 34
Wang-Landau algorithm, 267, 269, 270
water
critical point, 368
enthalpy of fusion, 371
enthalpy of vaporization, 372
specific volumes, 371
triple point, 368
white dwarf star, 351
Wien’s displacement law, 322
work, 4, 39
dependence on path, 42
quasistatic adiabatic process
ideal gas, 52

XY model, 444, 466
Kosterlitz-Thouless transition, 466

Zipt’s law, 169



