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actinide, 445
Aharonov-Bohm effect, 326
alkali metal, 444, 462
alkaline earth metal, 444
Anderson, C. D., 567
angular momentum, 270
addition, 291
eigenfunctions, 274
eigenvalues, 278
intrinsic, 366
matrix representation, 283
notation, 278
orbital, 270
precession, 277, 286
spin, 284, 289
anticommutator, 527
antiparticles, 564
atomic
clock, 130
orbital, 442
shell, 440
subshell, 440, 442
Auger, P, 447

band, 156
conduction, 157
valence, 157
BCS theory, 412
Bell, J. S, 11
inequality, 386
state, 295
theorem, 11, 389
Bessel, F. W, 593
cylindrical functions, 593
equation, 593
functions, 309
spherical functions, 594
blackbody, 15
Blackett, P, 317
Bloch vector, 61
Blokhintsev, D. 1., 10
Bogolyubov, N. N., 351

canonical transformation, 361
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Bohm, D., 75, 249
Bohr, N., 9, 440
atom, 27, 30
correspondence principle, 88
magneton, 323, 364
Boltzmann, L., 15
distribution, 17, 374
Born, M., 9, 44
rule, 72
Born-Oppenheimer approximation, 465
Bose, N., 34, 176, 407, 413, 607
Bose-Einstein
condensate, 34, 400, 413
distribution, 406
statistics, 34, 399, 528
boson, 398
bra, 95
Bragg, W. L., 36
Bragg’s Law, 36
Brillouin zone, 156
Brody, T. A., 1, 13
Brownian motion, 245

canonical, 46
Casimir, H. B. G., 253
Casimir—Polder force, 476
effect, 253
force, 253, 476
causality, 11
center-of-mass frame, 300, 532
central potential, 302
centrifugal barrier, 281
characteristics, 186
chemical bond, 444, 454
covalent, 444, 457
homopolar, 454
ionic, 444, 457
valence, 444, 461
chemical forces, 463
chemical potential, 406, 430
CHSH inequality, 388
Clebsch—-Gordan coefficients, 292, 293
coherence length, 412
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coherent, 236 rotational spectrum, 308
state, 180, 236 selection rule, 465
superposition, 179, 203 vibrational spectrum, 466
cold emission, 150 dielectric constant, 348
collective phenomena, 408 diffusion coefficient, 246
commutator, 47 dipole approximation, 16
and Poisson bracket, 47 Dirac equation, 566, 572
canonical, 47, 266 adjoint, 572, 573
time-dependent, 238 algebraic consistency, 584
completeness relation, 61, 82, 96, 167, 209 anomalous magnetic moment, 582
Compton, A. H., 24 antimatter, 566
effect, 24 approximations, 584
frequency, 252, 518 bispinor, 568, 571
time, 251 Dirac sea, 566
wavelength, 26, 576 electric moment, 582
Condon, E., 142 electromagnetic field, 580
contact potential, 151 electron spin, 574
Cooper pair, 412 free particle, 568, 576
Copenhagen interpretation, 4, 9 gyromagnetic ratio, 582
correspondence rule hydrogen-like atom, 583
Dirac, 47 magnetic moment, 582
Weyl, 51 oscillator, 568
Coulomb gauge, 262, 321, 370, 493, 508 self-interaction corrections, 582
critical temperature, 411, 413 spin components, 575
cross section Dirac matrices, 568, 569
differential, 506 Dirac, P. A. M., 9, 506
effective, 506 delta function, 167, 173
total, 540 notation, 95
Curie-Langevin formula, 374 dispersion, see scattering
current density, 69, 181 dispersion relation, 410
cutoff frequency, see also Compton, A. H. Dulong-Petit law, see also specific heat
Davisson, C. J., 35 Ehrenfest, P, 18, 260
Davisson—-Germer experiment, 35 theorem, 187, 193, 203
de Broglie, L., 5, 33, 249 eigenstate, 55
wavelength, 33, 35, 65, 71, 163 energy, 55
Debye, P., 24 eigenvalue, 55, 76
temperature, 24, 471 energy, 55
decay equation, 77, 91, 101, 196
alpha, 142 eigenvectors, 60
radioactive, 144 Einstein, A., 10, 13, 22-26, 34, 245, 498, 504
rate, 124, 125, 143 A and B coefficients, 500
spontaneous, 123 Einstein, Podolsky and Rosen, 384
decoherence, 431, 433 Einstein-de Haas experiment, 364
degeneracy, 77, 102 electron diffraction, 35, 67
order of, 77 electronic configuration, 442
density empiricist interpretation, 9
current, 69 energy, 139, 225
density matrix, 180, 415 energy balance, 515
canonical ensemble, 430 energy level
pure state, 425 splitting, 241
reduced, 432 energy quantum, 19
stationarity time, 424 energy splitting, 126
density of modes, 17 ensemble, 68
detailed balance, 499, 515, 516 ensemble interpretation, see statistical
diamagnetism, 373 interpretation
diatomic gas, 470 entangled state, 11, 297, 383, 384, 398, 413, 449
diatomic molecule, 465 EPR, see magnetic resonance
nuclear motion, 465 ergodic principle, 18, 68, 89, 278
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exchange
degeneracy, 393
energy, 403, 450
operator, 403
potential, 439
splitting, 403
exclusion principle, 399
expansion theorem, 83, 98
expectation value, 90, 102

factorization method, 235
Faraday, M., 380
Fermi, E., 149

energy, 149

golden rule, 490

level, 152

surface, 149
Fermi-Dirac

distribution, 148, 406

statistics, see 158, 400, 528
fermion, 398
ferromagnetism, 374
Feynman, R. P, 171

propagator, 171
Feynman-Hellman formula, 352
field, 12, 476
field commutators, 508
field quantization, 506, 519
Fifth Solvay Conference, 7
fine structure constant, 313
flow density, 322
fluctuation-dissipation relation, 261
fluctuations, 57, 68, 225
Fock, V. A., 437, 439

space, 525
Fokker—Planck equation, 259
form factor, 545
Franck, J., 30
Franck-Condon principle, 469
free particle, 162

Born normalization, 164

densities, 175

Dirac normalization, 166

in 3D, 308

propagator, 170

wave packet, 164
Fresnel, A., 22

Gamow, G., 142

gauge transformation, 324

Gaussian distribution, 104, 189, 203, 223, 252

Gedankenexperiment, 67

Geiger, H., 27

Germer, L., 35

Ginzburg, V., 412

Glauber, R., 237
representation, 415

Goppert Mayer, M., 477, 519

Goudsmit, S., 366
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Green, G., 133

function, 171, 185
Groenewold, H., 7
ground state

atomic, 42

energy, 39, 55

harmonic oscillator, 54
ground-state energy, 522
group velocity, 410
guiding wave, 75
gyromagnetic ratio, 322, 363, 370

anomalous, 364

Hall effect, 414
fractional, 414
quantum, 414
halogen, 444, 462
Hamilton, W. R, 134
Hamilton—Jacobi equation, 134, 249
Hamiltonian, 31
density, 523
dynamics, 47, 262
operator, 53
radial, 280
Hankel
functions, 593, 595
harmonic oscillator, 54, 222
canonical ensemble, 258
coupled, 239, 343
eigenfunctions, 227
eigenvalues, 228
in SED, 256
Hartree, D. R., 437
equations, 438
Hartree—Fock
equations, 439
method, 438, 477
Hassé, H. R., 474
Heisenberg, W., 5, 44
description, 191, 210
equation of evolution, 53
inequality, 40, 48, 56, 200, 201
picture, 45, 58
Heitler-London
method, 461
wave function, 457
helium, 411
atom, 445
orthohelium, 450
parahelium, 450, 453
perturbative method, 448
spectrum, 319, 446
variational method, 449, 452
Hermite
equation, 227
polynomials, 227, 588
Hermitian, 45
matrix, 45
operator, 46, 91
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Hertz, H., 23
hidden variable, 386
deterministic, 388, 389
Hilbert, D., 7
space, 60, 62, 83, 95
hole, see vacancy
Hund rule, 442, 450
hybridization, 464
hydrodynamic quantum analogs, 244, 267
hydrogen atom, 310
Balmer series, 317
Blackett series, 317
Bohr energy, 313
Bohr radius, 315
eigenfunctions, 314
energy eigenvalues, 313
fine spectrum, 375
hyperfine spectrum, 375
ionization energy, 315
lifetime, 317
Lyman series, 316
relativistic correction, 565
Ritz-Paschen series, 317
Schrodinger equation, 311
selection rule, 315
hydrogen bond, 471

idealistic interpretation, 9
incoherent superposition, 180, 419
induced absorption, see stimulated absorption
induced emission, see stimulated emission
interaction description, 193, 211, 377, 425
intermolecular force, 471

dipole-dipole, 471

dispersion forces, 472

long range, 471

retarded dispersion force, 475

van der Waals, 472
isotope effect, 412

Jacobi, C. G., 134
Jaynes—Cummings model, 509, 512
Jeans, J., 18

Jensen, H., 477

Jordan, P., 44

Josephson effect, 412

Kapitza, P., 412, 539
Kapitza-Dirac effect, 539
ket, 95
Kirchhoff, G., 16
Kirchhoff’s law, 16
Klein—Gordon equation, 561, 573
hydrogen-like energy, 565
Kocher-Specker theorem, 197
Kronig-Penney model, 153

Lagrangian density, 523
Laguerre
associated polynomials, 315, 593
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equation, 592
polynomials, 313, 591
Lamb, W,, 375
shift, 375, 512, 517
Landé factor, 372
Landé, A., 363
Landau, L. D., 230, 412, 415
level, 230, 268
Langevin equation, 256
Langevin formula, 374
lanthanide, 445
Larmor formula, 27
Larmor frequency, 230, 323, 372
Larmor radiation, 517
laser, 236, 502
lattice dynamics, 409
LCAO method, 455
LED, see light-emitting diode
Legendre, 275
associated polynomials, 276, 590
equation, 275, 589
polynomials, 309, 590
lifetime, 124
light-emitting diode, 503
Liouville, J., 133
equation, 423
London penetration depth, 412
long-wavelength approximation, 16, 495
Lord Rayleigh, 17
Lorentz distribution, 104, 556
Lorentz, H. A., 7

magnetic quantum number, 275, 322
magnetic resonance, 376

electron, 376, 486

nuclear, 376
Mandelstam, L. 1., 204
Mandelstam-Tamm, 279

inequality, 204, 274
many-body problem, 437
Markov approximation, 259
Markov process, 245
Marsden, E., 27
Marshall, T. W,, 431
maser, 130
matrix

mechanics, 45, 46

transition elements, 265
maximal set of commuting operators, 198, 525
Maxwel-Boltzmann statistics, 400, 429
Maxwell, J. C., 14
mean life, 124, 144
mean lifetime, see mean life
mean-square dispersion, see variance
measurement theory, 431
Meissner effect, 411
Meitner, L., 447

Meitner—Auger effect, 447
Mendeleev, D. 1., 440
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Mensing, L., 45 rotation, 217
metal tensor, 371
electron gas model, 148 time inversion, 220
metalloid, 442 unitary, 206
Millikan, R., 23 vector, 218
minimal coupling, 262, 320, 493, 564, 580 Oppenheimer, R., 465
mixture, 180 orthodox interpretation, see Copenhagen
molecular clock, 130 interpretation
molecular hydrogen, 456, 460 orthogonal, 92
ion, 454 orthonormal, see orthogonal
molecular orbital, 456, 460 oscillator, see harmonic oscillator
Morse, P, 466
potential, 466 paramagnetism, 373
Moyal, J. E., 7 parity, 219
multipartite system, 392 intrinsic, 219
Parseval theorem, 83
Nelson, E., 245 Pauli, W., 7, 44, 365
Nernst, W., 24, 38 equation, 369, 585
Neumann exclusion principle, 365, 399
functions, 593, 595 matrices, 61, 290
NMR, see magnetic resonance Pauli-Schrodinger equation, 369
noble gas, 445, 462 Pauling, L., 444
noble metal, 444 periodic table, 365, 442
Noether, E., 215 Perrin, J., 35
theorem, 215 perturbation theory, 331
nonfactorizable, 398 canonical transformation method, 351
nonlocality, 11, 12, 72, 110, 121, 142, 194, 249 degenerate states, 339
nonmetal, 442 finite time, 487
normal mode, 240 level repulsion, 336
nuclear nondegenerate states, 332
island of stability, 480 periodic, 491
magic numbers, 477 time-dependent, 483
shell model, 477 time-independent, 331
spin—orbit interaction, 478 phase shift, 123, 145, 548
structure, 477 phase space, 266
superheavy elements, 480 phenomenological, 72, 244
phonon, 410
observable, 45 acoustic, 410
oganesson, 462 gas, 411
ontology, 6 optical, 410
operator, 46 photodetection, 522
annihilation, 235, 507, 521, 528 photoelectric effect, 23, 504
antilinear, 220 photoemission, 522
antinormal order, 522 photon, 22, 494
antiunitary, 220 pilot wave, 249, 268
chronological, 213 Planck, M., 12, 38
creation, 235, 507, 521, 528 distribution law, 19, 258, 406, 499
displacement, 236 Planck’s constant, 20
evolution, 172 reduced Planck constant, 21
helicity, 571, 579 plane wave expansion, 309
ladder, 601 Poisson bracket, 263
lowering, 57, 233, 285, 288 Poisson distribution, 47, 408
normal order, 522 polar molecule, 471
number, 525 ammonia, 471
orthogonal, 207 water, 471
parity, 219 Popper, K., 10
particle density, 525 potential
permutation, 393 short-range, 533
raising, 57, 233, 285, 288 well, 85
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probability
amplitude, see wave function, 73
density, 74
Proca equation, 561
product, 81
dot, 81
inner, 81
scalar, 81, 83
projection operator, 61, 100, 208
projector, see projection operator
propagator, 204, 524
free particle, 171
general case, 184
pure state, 180

QED, see quantum electrodynamics
quantization, 75

conditions, 138, 139

rule, 46

Wilson-Sommerfeld rule, 34, 139
quantum

electrodynamics, 6, 40, 171, 211, 507

fluctuations, 5

information, 383

number, 198

potential, 249

quantum dot, 116, 160

regime, 261

statistics, 34
quantum dot, 116, 160, 384
quantum electrodynamics

cavity, 519

Rabi, 1., 376

oscillations, 487
radiation

absorption, 493

emission, 493

reaction, 16
radiative

corrections, 506, 517

terms, 260
Ramsauer-Townsend effect, 118, 558
randomness, see stochasticity
rare gas, see noble gas
Rarita—Schwinger equation, 561
Rayleigh-Jeans formula, 18, 499
Rayleigh—Ritz method, 353
Rayleigh—Schrodinger, see perturbation theory
realistic interpretation, 8
reduced mass, 319
reflection coefficient, 111, 141
relativistic electron, 576

equations, 561
representation

change of, 98

Heisenberg, 45

matrix, 46, 93, 101

number, 525
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p-representation, 50

Schrodinger, 71

theory, 95

x-representation, 49, 98, 102
resonance

energy, 555

width, 555
resonant

response, 261, 265, 266

transmission, 118, 126, 144
response coefficient, 265, 520
rigid rotor, 306

time-dependent solution, 308
Ritz, W., 353
Rodrigues formula, 228, 276, 309
rotating-wave approximation, 377, 486, 512
rotation generator, 218
Rutherford, E., 20, 27, 547
Rydberg, J., 28

atom, 452

constant, 28, 29, 313, 319

Santos, E., 431
scattering, 531
amplitude, 533, 534, 555
Born approximation, 537, 551
Breit-Wigner cross section, 556
central potential, 542
Coulomb, 543
cross section, 533, 555
delta potential, 541
differential cross section, 536
effective area, 536
elastic, 531
electric form factor, 546
form factor, 544
impenetrable sphere, 552
lifetime, 557
matrix, 119
optical theorem, 550
partial wave expansion, 547
periodic potential, 539
phase shift, 548
resonance width, 556
resonant, 117, 554
Rutherford cross section, 542, 547
S matrix, 550
spherical barrier, 557
weak potential, 539
Schrodinger, E., 5, 65, 575
cat, 3, 384
curvilinear coordinates, 282
Darwin term correction, 585
description, 192, 210
minimal coupling, 321
quasi-stationary states, 319
radial, 281, 302
relativistic correction, 585
spin—orbit correction, 585
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Schrodinger, E. (cont.) Standard Model, 531
stationary equation, 71 Stark, J., 347
time-dependent equation, 177 effect, 347
second quantization state, 60
bosons, 523 metastable, 450
fermions, 527 mixture, 236, 415
secular equation, 102, 341 pure, 415
SED, see stochastic electrodynamics statistical interpretation, 13, 74
selection rule, 231, 266, 497 Stefan—Boltzmann law, 15
angular momentum, 305, 465 step potential, 109
harmonic oscillator, 231 Stern, O., 364
hydrogen atom, 315 Stern—Gerlach experiment, 365
rigid rotor, 307 stimulated absorption
self-ionization, 447 Einstein B coefficient, 498
semiclassical approximation, 133 probability, 496
semiconductor, 153, 158, 442 stimulated emission
acceptor, 158 Einstein B coefficient, 498
diode, 159 probability, 496
donor, 158 stochastic electrodynamics, 40, 244, 251

stochastic optics, 431

impurities, 158 . )
stochastic quantum mechanics, 244, 245

n-type, 158 ic.
p-n junction, 159 stochasticity, 194
p-type, 158 ' superconducting quantum interference device, 384,

412
superconductivity, 351, 411
superposition principle, 73
symmetry
continuous, 216
discrete, 219

photoconductor, 158

transistor, 159
shielding effect, 448
singlet state, 294
Slater, J. C., 10

determinant, 399
Sommerfeld, A., 30

co Tamm, I. Y., 204
space quantization, 275, 364

thermocouple, see contact potential

spe(flﬁ(: h‘?at’ 24 Thomas-Reiche-Kuhn sum rule, 59, 265
diatomic gas, 470 Thomson, J. ., 20, 27
metal, 150 - scattering, 26
spectral decomposition, see completeness t Hooft, G., 389
relation

_ time delay, 145

spectral energy density, 16, 38, 177, 251 time resolution. 250

spectral 11r1€j 59 _ transformation, 171

spectroscopic notation, 442 canonical, 47, 50, 206

spectrum, 78
continuous, 78

continuous, 216
continuous group, 207

discrete, 78 finite, 216
vibrational-rotational, 468 generator, 217
spherical harmonics, see angular momentum, 302, group, 216
309 infinitesimal, 215
spin, 363, 366 inverse, 206
correlation, 388 orthogonal, 207
polarization, 427 unitary, 206
spin—orbit interaction, 375 transition, 59
spin—spin interaction, 376 dipole, 495, 497
spin-statistics theorem, 398 electric dipole, 231
spinor, 367, 369 frequency, 59
spontaneous emission, 317, 498, 506, 514 multipole, 497
Einstein A coefficient, 498 probability, 317
semiclassical approach, 500 radiative, 493, 513
squeezed state, 203 resonant, 493
Stiickelberg, E., 211 transition metal, 444, 445, 462
standard deviation, see variance transmission coefficient, 111, 141
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triplet state, 294
tunneling, 120, 140, 142, 151
microscope, 151

Uhlenbeck, G., 366

ultraviolet catastrophe, 18

uncertainty principle, see Heisenberg
inequality

vacancy, 158
vacuum fluctuations, 253, 512, 517
vacuum state, 525
valence, 444, 454
saturation, 461
van der Waals, J., see intermolecular forces
van der Waerden equation, 570
variance, 49, 197
variational method, 353, 473
hydrogen atom, 355
shielded Coulomb potential, 357
velocity
diffusive, 90, 246
flow, 69, 90, 181, 245
virial theorem, 195
Volta, E., 151
von Laue, M., 36
von Neumann, J., 10, 60, 386, 415
equation, 423

https://doi.org/10.1017/9781009679633.023 Published online by Cambridge University Press

wave function, 75, 156
antisymmetric, 396
collapse, 10, 12, 432
symmetric, 396
wave packet, 163, 199, 223
coherent, 224
Gaussian, 203
minimum dispersion, 202
Wien, W., 19
displacement law, 19, 41, 499
Wigner, E., 7,293
distribution function, 430
Wigner functions, 307
Wigner—Eckart theorem, 371
Wilson-Sommerfeld, 31
WKB method, see semiclassical approximation
work function, 23, 148, 153

Young, Th., 22
Yukawa, H.
potential, 361, 543

Zceman, P., 320
anomalous effect, 320, 363, 370
normal effect, 320
zero-point, 38
energy, 139, 225
field, 12, 476
zitterbewegung, 378, 572, 575
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