Cambridge University Press

978-0-521-82575-7 - Statistical Mechanics: From First Principles to Macroscopic Phenomena
J. Woods Halley

Index

More information

Index

additive constants of motion, 17
approach to equilibrium, 59

band mass, 149
BBGKY hierarchy, 133
block spins, in renormalization, 170
Bogoliubov equations, 121
Bogoliubov theory, 115
Bose-Einstein condensation, 74
chemical potential, 76
experiments, 78
specific heat, 77

canonical density matrix, 32
canonical distribution
equivalence, large systems, 20
for subsystem, 21
canonical distribution function, 18
classical distribution function, 7
classical perfect gas, 60
Clausius—Clapeyron relation, 165
cluster expansion, quantum imperfect gas,
108
thermodynamic potential, 93
coherence length, bare, 182
coherent scattering, 131
compressibility, 48
condensate fraction, in superfluid 4He, 209
condensate wave function in superfluid helium,
211
conservation laws
and hydrodynamics, 195
averaged forms, 198
general forms, 196
critical exponents, determined from eigenvalues of
linearized RNG, 181
critical phenomena, 161
critical points, 166
gas-liquid transition, 166
Ising model, 167
mean field theory, 172
scaling assumption, 170
scaling in Ising model, 167

cumulant average, 99
leveled exponents, 100
several variables, 99
cumulant expansions, 98
cumulants
free energy expansion, 102
function of one variable, 98
relation to moments, 98

density matrix, 29

diffusion constant, longitudinal in linearized

hydrodynamics, 201
direct correlation function, 136
dynamical critical phenomena, 217
Model A, 226
renormalization group, 240
scaling description, 222
Van Hove theory, 221
dynamic structure factor, in linearized
hydrodynamics, 205

effective mass, in Fermi liquid theory,
149

ensemble interpretation, 13
enthalpy, 40
entropy, 37

of mixing, 61

of quantum perfect gases, 71
equation of state, 42
equilibrium, 7
ergodic system, 11
exchange, magnetic, origins, 150

Fermi golden rule, 129
Fermi liquid theory, 145
postulates, 146
first law of thermodynamics, 47
fixed point, stable and unstable, 179
fluctuation—dissipation theorem, 199
for hydrodynamics, 203
Fokker—Planck equations, 227
Fourier’s law, 199
fractal dimension, 11
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fugacity expansion, 111
functional integrals, 176

gamma and zeta functions, 73
Gibbs—Duhem relation, 42

Gibbs free energy, 40

Gibbs phase rule, 165

grand canonical density matrix, 33
Gross—Pitaevskii equation, 119
Gross—Pitaevskii theory, 115

heat equation, in linearized hydrodynamics,
202
Heisenberg ferromagnet, hydrodynamics,
206
Heitler—London approximation, 150
helium, liquid, 145
Helmbholtz free energy, 39
high temperature expansions for magnetic lattice
models, 153
high temperature series
for Ising model, 154
for one dimensional Ising model, 156
homonuclear diatomic ideal gas, 66
hydrodynamic equations, linearized, 201
hydrodynamics, 195
hydrogen atom, Heitler—London approximation for,
150
hypernetted chain approximation, 136

ideal gas mixture, 61
imperfect gases, 85
imperfect quantum gas
first virial coefficient in terms of scattering phase
shifts, 114
virial expansion, 112
incoherent scattering, 131
indistinguishability of particles, 23
information theoretic methods, 12
internal virial, 128
irreducible linked clusters, 97, 105
irreducible linked /-clusters, 103
free energy in terms of, 107
Ising model, 152

Jacobian, 45

Kawasaki dynamics, 159

Kirkwood superposition approximation, 135

Kubo relations, for hydrodynamic transport
coefficients, 206

Lagrangian equations of motion, 8
Landau—Ginzburg criterion for validity of mean field
theory, 178

Landau—Ginzburg free energy functional, 176
Langevin equation, 217
lattice gas model for gas—liquid system, 153
Legendre transform, 41
Lennard-Jones interaction, 86

quantum version, 30
linked cluster, 88

Index

Liouville theorem, 14
liquid
classical, 125
definition, 125

macroscopic variables, 7
magnetism, models in statistical mechanics,
150

master equation, 159
Maxwell relations, 45
mean field theory, at critical points, 172
Metropoulis algorithm, 159
microcanonical density matrix, 33
microcanonical distribution, 20
molecular dynamics, 136

compared to Monte Carlo methods, 158
molecular ideal gas, 62
Monte Carlo methods, 158
Moore’s law, 4

Navier—Stokes equations, 195

n—d models for magnetic materials, 151

neutron scattering, to determine radial distribution
function, 128

normal fluid, velocity and density, 213

n particle distribution functions, 126

one particle density matrix, in superfluid, 208
Ornstein—Zernike equation, 136
orthohydrogen, 67

parahydrogen, 67
paramagnets, 153
Penrose orbitals, in superfluid helium, 211
Percus—Yevick approximation, 136
perfect Fermi gas, 78
specific heat, 81
perfect gas, 85
entropy and specific heat, 60
grand canonical case, 61
perfect quantum gas, virial expansion, 111
periodic boundary conditions, 138
permutations, 52
phase coexistence, 161
phase space, 9
phase transitions, 161
thermodynamics, 161
potential of mean force, 133
pressure
from radial distribution function, 127
in molecular dynamics simulations, 143
principle of least action, 8

quantum ideal gas, 60

quantum liquids and solids, 145

quantum perfect gases, 69
massive, nonrelativistic, 72
semiclassical limit, 72

radial distribution function, 126
in simulations, 143
relevant and irrelevant variables, 180
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renormalization group, 177, 179 in liquid “He, 209
applied to perturbation expansion of Josephson relation for, 210
Landau—Ginzburg model, 186
coherence length exponent to lowest order in €, 189  temperature, 39

epsilon expansion, 183 thermal conductivity, 199

fixed points, 179 thermodynamic equilibrium, local, in hydrodynamics,

for Landau—Ginzburg model, 181 199

Gaussian model, 183 thermodynamic potential, 40

linearization, 180 thermodynamics, 37

thermostat, computational, 141
scaling, and thermodynamic stability, 169 third law of thermodynamics, 47
scaling function, at critical points, 171 time dependent perturbation theory, in derivation of
scaling relations for critical exponents, 168 Kubo relations, 202
Schrodinger representation, 28 transfer matrix, 157
second law of thermodynamics, 47 turbulence, 198
semiclassical limit, 51
short wavelength cutoff, in renormalization group, universality, 168
182 explained by renormalization group, 180
sound, in linearized hydrodynamics, 202 upper critical dimension, 178
space filling curves, 11
specific heat, 43 van der Waals, 86
stars, 105 Verlet algorithm, 137
static structure factor, 132 virial expansion
stochastic models, 217 classical, 86
streaming terms, in generalized Fokker—Planck from cluster expansion, 94
equation, 230 irreducible linked cluster expansion, 95

sum of linked /-clusters, quantum case, 110 viscosity, shear and bulk, 199
superfluid current, 213
superfluid hydrodynamics, 206 xy model, 152

summary, 214
superfluidity, in liquid “He, 208 Yvon-Born-Green approximation, 135
superfluid velocity

dynamical equation at finite temperature, 212 zeroth law of thermodynamics, 46
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