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action, 105
acceleration
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Bohr, 7
boundary conditions
acceleration, 289, 291, 293
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circle

Lagrangian, 387, 388, 390
classical action
acceleration, 277, 279
magnetic field, 268
oscillator, 233
classical equation of motion
double-well, 356, 357, 359
classical solution
acceleration, 275, 277
vacuum, 312, 314
instanton, 358, 359, 361
oscillator, 231
coherent states
path integral, 99
commutation equation
Euclidean, 89
Minkowski, 89
completeness equation, 32, 74
Jordan block 3x3, 345, 347

coherent states, 32, 35, 39, 98

coordinate basis, 31
dual eigenstate, 324, 326
eigenstates, 37
fermion, 203
fermion—antifermion, 207
Ising, 163
magnetic field, 181
Jordan block, 336-339
Jordan block 2x2 , 342, 344
matrix elements, 32
momentum basis, 42
pseudo-Hermitian, 319, 322
conditionality probability
oscillator, 239
conservation laws
energy, 82
symmetry, 82
Copenhagen interpretation, 7
correlator
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correlator (con’r)
linear regression, 185
creation operator, 226

degree of freedom, 10
s1, 385,386, 388
52,390, 391, 393
circle, 385, 386, 388
compact, 384, 385, 387
continuous, 30
periodic, 39
sphere, 390, 391, 393
density matrix
mixed states, 50
pure states, 50
destruction operator, 226
Dirac
bracket, 90
bracket notation, 12
constraint
commutation equation, 91, 92
two constraints, 91
Dirac brackets
action
acceleration, 280, 282
Dirac delta function, 33
Dirac-Feynman formula, 67, 74
continuous paths, 69
discrete paths, 69
DNA
correlation length, 400, 401, 404
extension, 398, 399, 402
force
extension, 401, 402, 405
jointed
chain, 401
persistence length, 400, 401, 404
statistical mechanics, 397, 399, 401
double-well
kink, 358, 359, 361
multi-kink, 361, 362, 364
double-well potential
Ising model, 375, 376, 378

eigenfunctions
evolution kernel, 249
eigenfunctions
pseudo-Hermitian
left, 306, 308
right, 306, 308
pseudo-Hermitian H, 305, 307
pseudo-Hermitian H T, 305, 307
evolution kernel, 63
1,390,391, 393
large radius, 390, 391, 393
indeterminate final position, 256
circle, 386, 387, 389
constant source, 260
double-well
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singularity, 360, 361, 363
eigenfunctions, 249
free particle, 93
magnetic field, 267
oscillator, 230

Faddeev—Popov analysis
instanton zero mode, 363, 364, 366
Fermi pseudo-potential, 59
fermion, 198
antifermion
eigenstates, 214
calculus, 198
complex, 207
Gaussian, 209
Gaussian integration, 207
generation function, 209
Hamiltonian, 214
Hilbert space, 201
integration, 200
Lagrangian, 217
normal ordering, 212
path integral, 211
real, 207
variables, 199
fermion—antifermion
conjugation, 206
Feynman path integral, 61, 70
evolution kernel, 72
see path integral, 61
Fokker—Planck
path integral, 156
free energy
oscillator, 243
functional differentiation, 115
chain rule, 115

Gaussian
path integrals, 251
Gaussian integration, 129
N-variables, 131
fermions, 207
Gaussian random variable, 130
generating function
oscillator, 234

Hamiltonian, 20, 22, 64
acceleration
operator, 285, 287
eigenfunctions, 51
Euclidean, 84, 85
fermionic, 214
Fokker—Planck
ground state, 156
pseudo-Hermitian, 155
Jordan block, 330, 332
2x2,342,344
mechanics, 80
oscillator, 226
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path integral, 75
phase space
quantization, 94
pseudo-Hermitian, 155, 295-298
critical, 331, 333
eigenfunctions, 304-307
equivalent, 297, 299
excited states, 313, 315
similarity transformation, 296, 298
quadratic momentum, 87
quasi-Hermitian, 296, 298
rigid rotor, 392, 393, 395
self-adjoint
extension, 55
Hamiltonian: Fokker—Planck, 151
pseudo-Hermitian, 153
harmonic oscillator
forced
coherent states, 102
coherent states, 101
Heisenberg, 7
Heisenberg algebra
unitary representation, 49
Heisenberg commutation equation, 47
Heisenberg equations
pseudo-Hermitian Hamiltonian, 322, 323
Hilbert space, 14
fermionic, 201

indeterminate
paths, 23
instanton, 354, 355, 357
classical solution, 358, 359, 361
coefficient, 367, 368, 370
correlation function, 372, 373, 375
dilute gas, 373, 374, 376
expansion
spectral representation, 363, 364, 366
multi-, 369, 370, 372
transition amplitude, 370, 371, 373
zero mode
double-well, 361, 362, 364
Faddeev—Popov analysis, 363, 364, 366
Ising
2 x N lattice, 176
block spin, 191
correlator
open chain, 167
periodic chain, 169
degree of freedom, 161
magnetic field, 180
correlator, 184
evolution kernel, 182
magnetization, 190
partition function, 189
transfer matrix, 181
magnetization, 183
model, 161

Index

nonlocal, 376, 377, 379
partition function, 172
path integral, 171
periodic lattice, 168
renormalization, 191
spin, 161
state space
binary, 163

Ising model, 161
double-well potential, 375, 376, 378
magnetic field, 180

Ising spin
Bloch sphere, 164
Heisenberg operator, 167
Schrodinger operator, 167

Ito
chain rule, 137
discretization, 135

Ito calculus, 136

Jordan block
2x2
Schrodinger equation, 343, 345
2x2,340, 342
completeness, 336-339
Hamiltonian, 339, 341
propagator, 337, 339, 344, 346-349

kink
double-well, 358, 359, 361
Kolomogorov, 127

Lagrangian, 69, 105
st, 387,388, 390
acceleration, 273, 275
Euclidean, 84
fermionic, 217
path integral, 75
rigid rotor, 393, 394, 396
Langevin equation
linear, 140
nonlinear, 145
potential, 143
Laplacian, 391, 392, 394
Legendre transformation, 81

magnetic field

path integral, 267
measurement, 18
momentum

Euclidean, 84
momentum basis

path integral, 243
multi-kink

double-well, 361, 362, 364
multi-instantons, 369, 370, 372

normal ordering, 98
normal random variable, 129, 130
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normalization
rigid rotor, 393, 394, 396

objective reality, 15, 23, 127
operator
Hamiltonian, 43
acceleration, 285, 287
momentum
domain, 52
self-adjoint
domain, 52, 54
Weyl, 43
multiplication, 44
shift, 44
operators, 14, 30
exponential, 252
fermionic, 211
position
momentum, 50
self-adjoint, 51
oscillator
classical action, 233
classical solution, 231
source, 234
conditionality probability, 239
eigenstates, 226
evolution kernel, 230
finite lattice, 241
generating function, 234
Hamiltonian, 226
infinite time, 230
normalization, 233, 254
simple harmonic, 225
transfer matrix
lattice, 246
over-complete basis
coherent states, 98
fermion, 203

path integral
acceleration, 286, 288
coherent states, 99
continuum limit, 76
Euclidean, 86
evolution kernel, 73
fermionic, 211
free particle, 240
Gaussian, 251
Hamiltonian, 106
indeterminate positions, 261
Lagrangian, 106
Minkowski, 85
momentum basis, 243
periodic, 253
phase space, 85
quantization, 105
time lattice, 75

Pfaffian, 208

phase space

Index

path integral
acceleration, 283, 285
Poisson bracket, 87
Euclidean, 88
Jacobi identity, 88
Poisson summation formula, 386, 387, 389
polymer
tangent vector, 397, 398, 400
potential
acceleration, 274, 276
quadratic, 274, 276
delta function, 57
double-well
Ising model, 375, 376, 378
quartic, 350, 351, 353
probability
conditional, 63, 128
joint, 128
marginal, 128
probability amplitude, 10, 24
composition rule, 76, 291, 293
time evolution, 61
probability theory
classical, 127
propagator
acceleration
path integral, 279, 281
Jordan block, 337, 339, 344, 346-349
lattice
oscillator, 245
oscillator
finite time, 227
pseudo-Hermitian
operators, 322, 324
state space, 324, 326
pseudo-Hermitian
dual eigenstates, 307, 309

quantum entity, 26
definition, 27
quantum mechanics
operator formulation, 22
three formulations, 25
quantum numbers, 46
quantum paths
infinite divisibility, 70
quantum state, 11
quantum superstructure, 8
quartic potential, 350, 351, 353

random paths, 142
random variable, 127
renormalization
recursion
Ising, 193
block spin
magnetic field, 195
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Ising, 194
Ising spin, 191

sample space, 127
Schrodinger equation, 19, 64

Jordan block

2x2,343,345

measurement, 8

properties, 21
semi-classical approximation, 351, 352, 354
semi-classical expansion

double-well, 362, 363, 365

integral, 352, 353, 355
simple harmonic oscillator

see oscillator, 225
spectral representation

instanton expansion, 363, 364, 366
spherical harmonics, 392, 393, 395
spin decimation

Ising, 175
spontaneous symmetry breaking, 379, 380, 382
state space

basis states, 35

continuous degree of freedom, 30

degree of freedom, 11

pseudo-Hermitian Hamiltonian, 318, 320
state vector

statistical, 8
state vector collapse, 19
stochastic, 125

Index

stochastic quantization, 148
stock price, 137
geometric mean, 138
superposition
indeterminate paths, 65
quantum, 21
symbol, 11
symmetry breaking
multiple wells, 382, 383, 385
symmetry restoration, 380, 381, 383
ground state, 382, 383, 385

tangent vector
polymer, 397, 398, 400
tensor product
state space, 17
time
Euclidean, 84
transfer matrix
Ising spin, 165
oscillator, 246
transition amplitude, 63
fermionic, 219

vacuum state
Hamiltonian
pseudo-Hermitian, 309, 311

white noise, 132
Wilson expansion, 139
Ito calculus, 138
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