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Bohr magneton, 297
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Boltzmann distribution, 415
Born, 12, 40
boson, 380
Fock space for, 395
bosonic
Fock space, 402
state algebra, 388
state space, 386
state vector, 382
bra-ket notation, 68
bra-space, 68
bra-vector, 68, 72

canonical coordinates, 96, 100
canonical ensemble, 417
canonical transformation, 96, 100
Cauchy determinant, 477
causality, 18
characteristic frequency, 3
Clifford algebra, 301
categorical definition, 303
complex, 305
even and odd subspaces, 306
explicit construction of C¢p 4, 304
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pin group, 301, 314
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collapse, 11
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commutation relations for Pauli
matrices, 181
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commutator, 113
complete

Schauder basis, 43

set of eigenstates, 43
configuration, 408

most probable, 411
conservation laws

for classical mechanics, 91

for quantum mechanics, 440
convolution, 141
coupling constant, 446
covariant derivative, 446

degree of freedom
external, 285
internal, 286
density operator, 361, 366
finite-dimensional setting, 364
infinite-dimensional setting, 375, 377
Dirac, 65
spinor, 323
theory of the electron, 322
Dirac calculus, 65, 67, 73
Dirac gamma matrices, 313
dispersion, 42
distribution, 68
tempered, 68, 137
dual correspondence, 29
dual space, 67
anti-dual space, 67
dynamics
Dirac picture, 431
Heisenberg picture, 428
Schrédinger picture, 422

effective potential, 211
Ehrenfest’s theorems, 80, 115, 431
eigenvalue

degenerate for atomic hydrogen, 234

generalized, 69

nondegenerate, 155
eigenvector, generalized, 69
Einstein, 13, 17
Einstein—Podolsky—Rosen (EPR)

paradox, 17, 336

ensemble, 361

continuous, 374
entangled state, 330
Euclidean symmetries, 436
Euler-Lagrange equation, 81, 87
evolution equation

classical, 90

quantum, 112, 113

evolution operator, 424
reference, 431
exchange operator, 381
excited state for harmonic oscillator,
157
expectation value, 26
exterior algebra, 390
exterior product, 384, 389

fermion, 380
Fock space for, 395
fermionic
Fock space, 404
state algebra, 390
state space, 388
state vector, 382
Feynman
axioms for quantum mechanics, 456
formulation of quantum mechanics,
451
path integral, 457
propagator, 457
constant force, 484, 488
free particle, 464
group property, 457
Feynman—Soriau formula, 502
filtration measure, 480
for general dense family, 497
for piecewise linear family, 483
for polynomial family, 485
filtration of path space, 480
fine structure, 234, 237
fine structure constant, 237
Fock space, 380, 395
antisymmetric or fermionic, 395
notation, 397, 399
symmetric or bosonic, 395
Fourier
inverse transform, 138
inversion theorem, 138
transform, 131, 136, 138
uncertainty principle, 132
Fresnel integral, 466, 468, 470
functional calculus, 55

g-factor
for the electron, 296
measured value, 297
general definition, 295
gauge, 447
gauge principle, 449
gauge transformation, 447
Gaussian integral, 466
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complex N-dimensional, 471 SO(4) symmetry, 246
complex one-dimensional, 468 su(2) @ su(2) symmetry, 245
Gelfand triples, 67 Hilbert matrix, 476
generalized Hilbert space, 6, 25
coordinate, 83 complete orthogonal sum, 393
momentum, 88 dual correspondence, 29
velocity, 83 orthogonal direct sum, 394
generating function, 159 Hopf fibration, 372
geometric algebra, 185, 301 hydrogenic potential well, 211, 214
GHZ scheme, 355 bound state eigenfunctions, 228
Green’s second identity, 253 ladder operators, 217
Groenwald—van Hove theorem, 115 momentum space equation, 247
ground state of harmonic oscillator, 130, in quaternionic coordinates, 250
155 unbound electrons, 229
group character, 257 hypergeometric function, 220
group condition, 424 classical, 221
Hamilton, 82 confluent, 221
equations of motion, 88, 89 hypergeometric series, 221
principal function, 105 infinitesimal generator, 428
principle of stationary action, 82 inseparable, 18, 338, 341
Hamilton—Jacobi interaction term, 299, 510
equation, 104 interpretation
mechanics, 95 completeness hypothesis, 17, 336
Hamiltonian, 4 Copenhagen, 12, 337
classical, 89 hidden variables, 17, 341
in Hamilton—Jacobi theory, 100 local causality, 348
mechanics, 88 minimal instrumentalist, 11, 337
operator, 26 positivist, 336
reference, 431 realism, 339, 342, 348
Hamiltonians or quaternions, 185 ionization energy, 236
harmonic oscillator, 2 Jacobi identity, 91

classical treatment, 4
coherent state, 162

time evolution of, 426
Feynman-Soriau formula, 502
generating function, 159
in Heisenberg picture, 430

for commutators, 114
procedure, 104

Kepler problem, 234
Hamilton—Jacobi approach, 108

ket
complete collection, 72
eigenket, 69

ket-space, 68

ket-vector, 68, 72

Kirkegaard, 14

Kummer’s equation, 222

quantum treatment, 7, 154

time evolution, 425
harmonic polynomial, 205
Heisenberg, 12

equation, 429

uncertainty principle, 125

interpretation, 127 ladder operator

Hellinger—Toeplitz theorem, 32 for angular momentum, 173
Hermite for hydrogenic potential, 217

function, 142 Lagrangian, 4, 81

polynomial, 143 in Hamilton—Jacobi theory, 100
hidden symmetry mechanics, 84

Fock’s treatment, 253 Laguerre polynomial

in the hydrogenic system, 243 associated, 228
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generalized, 224 compatible, 129
Lamb shift, 237 extrinsic, 285
Landé g-factor, 295 incompatible, 129
Laplace-Beltrami operator, 202 intrinsic, 286
Laplace—Runge—Lenz operator, 31
classical vector, 239 annihilation, 7, 131, 157
quantized triad, 240 for angular momentum, 175
Laplacian, spherical, 201 in Fock space, 401
n-dimensional, 206 commuting operators, 118
Legendre creation, 7, 131, 157
associated differential equation, 202 for angular momentum, 175
equation, 202 in Fock space, 401
functions, 200 densely defined, 31
polynomial, 202 density operator, 361, 366
Legendre transformation, 89 Hamiltonian, 26
Lie algebra intrinsic magnetic moment, 297
53, 188 ladder, 131, 155
su(2), 182 for angular momentum, 173
Lie group for the hydrogenic potential, 217
S3, 188 momentum triad, 27
S3 x 8%, 191 multiplication by a function, 60
SO(3), 188 number, 163, 402, 405
SO(4), 191 position triad, 27
Su(2), 182 self-adjoint, 29
local causality, 348 resolvent set of, 58
local theory, 348 spectrum, 58
Mach, 13 spin, 276
magnetic moment statistical, 377
anomalous, 297 symmetric, 32
intrinsic, 296 time evolution, 424
operator, 297 total orbital angular momentum, 198
magnetic quantum number, 174 in spherical coordinates, 200
Majorana matrices, 312 trace, 365
in terms of Pauli spin matrices, 314 trace class, 376
measurement, 14 orbital, 237

measurement problem, 16, 46, 133
minimal uncertainty state, 130, 165
minimalist axioms, 25

mixed state, 361, 367

partition function, 414, 417

path integral, 457
configuration space version, 492
phase space version, 492

maximally mixed, 374 Pauli
momentum operator, 2?’ 32 derivation of hydrogen energy levels,
momentum representation, 70, 146, 438 239
momentum space equation for the exclusion principle, 380, 385, 390, 391

Kepler problem, 247

. .. . Hamiltonian, 299
in quaternionic coordinates, 250

spin matrices, 181

Noether’s theorem, 91 spinor, 283, 321
quantum version, 440 perfect correlation, 344
nonlocality, 18, 338, 348 phase factor, 6, 130
normed algebra, 187 phase transformation
number operator, 163, 402, 405 global, 442
observable, 4, 25 local, 442

© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781108429764
www.cambridge.org

Cambridge University Press

978-1-108-42976-4 — Lectures on Quantum Mechanics
Philip L. Bowers

Index

More Information

Index 551

reduction of dimension for central force
adjoint action on Clifford algebra, 315 problem, 210
as double cover of orthogonal group, reference Hamiltonian, 431
317 representation
general definition, 315 global U(1), 442

pin group, 301, 314

twisted adjoint action, 315
Plancherel theorem, 141
Planck constant, 4
Pochhammer symbol, 220
Podolsky, 17
Poisson bracket, 90

relation to commutator, 113
position operator, 27, 32
position representation, 70, 146
pre-Hilbert space, 393
probability

amplitude, 9, 40

complex, 454

amplitude density, 454

amplitude for an event, 456

density, 40
projection, 44

projection operator, 53

projection postulate, 24, 45

physicists’ version, 50
von Neumann’s version, 52

von Neumann—Liiders version, 45

propagator
constant force, 484, 488
forced harmonic oscillator, 510
free particle, 464
harmonic oscillator, 499, 501
proton number, 216
pure state, 361, 367

qbit, 275
quantization, 4, 28
quantum, 381
quantum number
azimuthal, 200
magnetic, 174, 200
orbital, 200
principal, 216, 224
spin, 295
quaternion, 185
conjugate, 185
norm, 185
real and pure, 185
representations of, 185

radial equation for central potential, 211

realism, 339, 342, 348
Redhead, 11

irreducible, 183, 191

of a Lie algebra, 183

of a Lie group, 191

of S3, 193

of SO(3), 195

of SU(2), 193

of su(2), 184

projective, 281

spin, 320

tensor product of, 332

unitary, 425
resolution of the identity, 52

in the Dirac calculus, 75
resolvent set, 58
rigged Hilbert space, 65, 67
rising factorial, 220
Rodrigues’s formula

for Hermite polynomials, 143

for Laguerre polynomials, 226

for Legendre polynomials, 203
Rosen, 17
rotation

active, 280

effect on spin state, 281

group, 188

of wave function, 279

passive, 280

standard representation on L2(R3),

280
rotation representation, 439
Rydberg, 218
constant, 235
formula, 235

Schrédinger equation, 5, 26
derivation, 426
time-independent, 6

Schrodinger evolution, 422

Schwartz space, 136

self-adjoint operator, 29, 31
commuting, 118

in terms of resolutions of the
identity, 121
semiclassical state, 162

series of spectral lines for hydrogen, 235

shell, 237
subshell, 238
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signature
of a quadratic form, 302
simple harmonic oscillator
classical treatment, 3
Hamilton—Jacobi approach, 106
quantum treatment, 4
skew symmetry, 390
SO(4) symmetry of hydrogen, 253
special unitary group, 182
spectral decomposition in the Dirac
calculus, 75
spectral theorem, 36, 53
spectroscopy
nomenclature, 236
notation, 237
spectrum, 44, 58
complete, 75
continuous, 59
discrete, 59
multiplicity, 59
point, 59
Weyl sequence, 62
spherical coordinates, n-dimensional,
206
spherical harmonics, 200, 201
as solutions for Kepler problem, 256
in n dimensions, 205
integral equation for, 255
spin, 276
coupled, 344
one-half system, 275
operator triad, 276
particle of spin 7, 290
Pauli matrices, 181
representation, 181, 320
topology of spin states, 372
spin group, 301, 314
accidental isomorphisms, 318
as double cover of special orthogonal
group, 317
general definition, 315
representation, 320
spin structure, 320
spin—orbit
coupling, 287
interaction, 299
term, 299
spinor, 283, 320
Dirac spinor, 323
harmonics, 299
in Pauli’s theory, 291

Pauli spinor, 321
wave equation, 299
spring constant, 3
Stark effect, 237
state
coherent, 162
maximally mixed, 374
mixed, 361, 367
normalized, 25
pure, 361, 367
semiclassical, 162
state space, 25
physical state space, 66
state vector, 9, 25
nonnormalizable, 51, 71
stationary
path, 85
trajectory, 87
value, 85
statistical mechanics, 408
canonical ensemble, 417
fundamental assumption or principle
of equal a priori probabilities, 409
fundamental law, 417
maximum-term method, 412
partition function, 414
statistical operator, 377
statistics
Bose-Einstein, 380, 416
Fermi-Dirac, 380, 416
Maxwell-Boltzmann, 415
spin—statistics theorem, 380
stereographic projection, 248
Stone, 29, 31, 36
Stone’s theorem, 428
summability
Abel summable series, 260
Cesaro summable series, 260
symmetric
algebra, 388
operator, 383, 387
product, 383, 387
in the symmetric algebra, 388
symmetry
of the Hamiltonian, 441

tempered distribution, 137
tensor algebra, 334
tensor product
algebraic, 328
analytic, 328
antisymmetric, 388
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tensor product, cont.
as state space of multi-component
systems, 329
of representations, 332
symmetric, 386
to incorporate intrinsic observables,
288
test function, 137
time evolution, 26, 424
trace, 365
trace class operator, 376
transition amplitude, 512
translation representation, 437
Trotter product formula, 491

uncertainty principle
Fourier, 132
general, 129
Heisenberg, 125

unitary evolution, 424

vacuum state, 400
variance, 42
variational derivative, 84
von Neumann, 17, 29, 31, 36
impossibility of hidden variables, 17,
341

wave function, 9
wave mechanics, 25, 26
wedge product, 384, 389
Weyl
algebra, 123
relations, 121, 123
sequence, 62

Yukawa potential, 246
Zeeman effect, 237
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