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operators associated with, 123

quantum number, 127
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Bell states, 220

Bell’s inequality, 215

Bessel functions

spherical, 166, 167

Born–Oppenheimer approximation,

317

bosons, 183

bound states, 95

canonical commutation relation, 57

Clebsch–Gordan coefficients, 153

compatibility theorem, 50

compatible observables, 50

complete set of commuting observables,

52

completeness relation, 20, 53

Condon–Shortley phase convention, 133

continuum states, 31

creation/annihilation operators, 104

Darwin term, 288

de Broglie hypothesis/relation, 70

degeneracy, 119, 278

degenerate perturbation theory, 278

first-order energy corrections, 281

first-order energy eigenstate corrections,

283

second-order energy correction, 286

density matrix, 226

Dirac delta, 33, 55

Dirac equation, 292

ebit of entanglement, 220

Ehrenfest’s theorem, 78

eigenstates, 42

eigenvalues, 42

real, 43

electronic configuration, 186

entanglement entropy, 232

expectation value, 40

Fermi’s golden rule, 346

fermions, 183

fine-structure constant, 178, 287

generator, 195

of spatial translations, 58

of time translations, 69

of rotations, 200

Gram–Schmidt orthogonalisation, 37

Greenberger–Horne–Zeilinger state, 265

group, 194

Abelian, 197

compact, 197

continuous, 196

harmonic oscillator, 99

energy eigenfunctions, 100

energy eigenvalues, 100

Hartree–Fock method, 315

Heisenberg equation of motion, 361

Hellmann–Feynman method, 322

Hermite polynomials, 100

Hermitian conjugate, 43

Hermitian operators, 44

hidden variable theory, 210

Hilbert space, 13

hydrogen atom, 173

principal quantum number, 177

hydrogen molecular ion H
+

2
, 317

covalent bonding, 320

molecular orbitals, 318

molecular spectra, 321

vibrational–rotational band, 321

identical particles, 182

information theory, 221

mutual information, 234

Shannon entropy, 222

Shannon information, 222

Shannon source coding theorem, 222

interaction of radiation with quantum system, 348

absorption, 351
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detailed balance, 353

dipole approximation, 351

Einstein A and B coefficients, 354

semiclassical treatment, 348

spontaneous emission, 353

stimulated emission, 353

invariance, 190

Jacobi identity, 64

Laguerre polynomials, 178

Laplace method, 165

Legendre polynomials, 126

Levi–Civita tensor, 123

Lie algebra, 205

linear operator, 17

magnetic quantum number, 127

momentum representation, 59

multiplet, 132

normalisable states, 31

observable, 40

operators

commutator of, 17

domain of, 45

function of, 18

matrix elements of, 23

parity transformation, 75

Pauli exclusion principle, 186

Pauli Hamiltonian, 295

Pauli matrices, 142

permutation operator, 182

perturbation theory, 268

first-order energy correction, 270

first-order energy eigenstate correction, 271

normalisation and orthogonality, 274

second-order eigenstate correction, 274

second-order energy correction, 273

third-order energy correction, 276

Planck’s constant h, 3

rationalised �, 3

position representation, 58

potential step, 85

potential well

finite, 94

infinite, 91

probability current, 79

probability current density, 386

projector, 20

quantum communication, 236

no-cloning theorem, 236

quantum teleportation, 238

superdense coding, 242

quantum computing, 245

Bernstein–Vazirani algorithm, 267

contextuality, 247

Deutsch algorithm, 251

Deutsch–Josza algorithm, 266

Grover algorithm, 255

Hadamard operator, 250

quantum discord, 235

quantum information theory

fidelity, 231

quantum mutual information, 235

Schumacher coding theorem, 230

von Neumann entropy, 227

quantum mechanics

fifth postulate of, 49

first postulate of, 10

fourth postulate of, 47

second postulate of, 41

sixth postulate of, 68

third postulate of, 42

raising/lowering operators

angular momentum, 129

harmonic oscillator, 104

Rayleigh–Ritz variational method, 307

realistic local theory, 214

reference frame, equivalent, 190

reference frame, 189

reflection coefficient, 87

Riesz theorem, 14

rotation operator, 200

Rutherford scattering, 383

Rydberg energy, 178

scalar product, 13

scattering amplitude, 378, 385

Born approximation, 379, 392

Born series, 393

central potential, 381

Green function method, 387

optical theorem, 398

partial wave analysis, 394

wave packet, 391

scattering kinematics, 375

differential cross-section, 375

incident flux, 375, 380

scattered flux, 375, 381

total cross-section, 375

Schrödinger’s equation, 68

Schwarz inequality, 35

selection rules, 355

self-adjoint operator, 45

Slater determinant, 316

SO(2), 196

spherical harmonics, 126

spin, 138

spin-orbit term, 288
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spin–statistics theorem, 183

Stark effect, 304

stationary states, 71

Stern–Gerlach experiment, 138

structure constants, 205

superposition principle, 13

symmetry, 190

quantum, 191

time dependence, 357

Heisenberg picture, 360

interaction picture, 362

Schrödinger picture, 357

time-dependent perturbation theory, 340

harmonic perturbation, 346

higher order, 357

transition probability, 342, 364

time-dependent Schrödinger equation, 68

time-evolution operator, 358

interaction picture, 362

Schrödinger picture, 358

time-independent Schrödinger’s equation, 70

transformation law, 190

transmission coefficient, 87

triangular inequalities, 16

tunnelling, 88, 329

U(1), 196

uncertainty relations, 61

vector space

basis, 19

complementary subspace, 16

complete set of vectors, 20

coordinates, 19

functional acting on, 14

linear operators, 17

linearly independent vectors, 18

operator, 17

orthogonal subspaces, 16

orthonormal basis, 19

projection, 16

rules for manipulating vectors,

11

tensor product of, 23

wave function, 28, 113

wave packets, 59

spreading of, 77

Wenzel–Kramers–Brillouin–Jeffreys method,

323

potential barrier, 326

potential well, 329

semiclassical approximation, 325

symmetric double well, 331

Werner state, 264

Wigner’s theorem, 191

zero-point energy, 93
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