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Hund’s rules, 289
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momentum operator 

curvilinear coordinates, 62

Morse function, 321

Mott, N., 548

MSW effect, 96

muon, 564, 573

natural units, 2, 367

Neumann series. See Born series

neutrino 

flavor, 90
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mixing, 91
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Neutrino Oscillations, 90
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no-crossing theorem, 245
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nuclear atom model, 4

nuclear beta decay, 416
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operator 

adjoint, 14
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antiunitary time reversal, 516

creation, 120, 348

destruction, 120, 348

electric field, 349

expectation value, 32

fermion number, 263

function of, 22

Hermitian, 14

Hermitian conjugate, 14

idempotent, 46

inverse, 13

irreducible spherical tensor, 271

isospin, 267

linear, 13

magnetic field, 349

non-singular, 13

one-body, 260, 265

projection, 13

rotation, 145

self-adjoint, 14

singular, 13

skew-Hermitian, 24

time development, 29

total atomic angular momentum, 229

translation, 58

two-body, 260

unitary, 19

vector potential, 349
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Properties in Dirac Theory, 480–482

Oppenheimer, J.R., 302

optical theorem, 428

oscillator strength, 403

pair-wise interactions, 265

parity, 28, 39, 102, 106, 107, 110, 141, 383, 388, 389, 575

parity violation. See weak interactions:parity 

nonconservation

Particle in Uniform Field, 119

partition function, 46, 358

path integral, 1, 132–139, 441

Pauli isospin matrices, 267, 595

Pauli principle. See exclusion principle

Pauli spin matrices, 25, 42, 50, 472

Pauli-Schroedinger theory, 221, 405, 477, 480, 492, 511

Pauli, W., 5, 200, 221, 250, 464, 570

Periodic Potentials, 116

permutation operator, 247

Perturbation Theory 

Static, 211–213

Time Dependent, 377–380

photoelectric effect, 3, 457

photon, 3, 348

angular momentum, 37

helicity, 36

helicity states, 37

linear polarization states, 37

longitudinal, 367

momentum, 349

spin, 658

time-like, 367

photon polarization correlations, 1, 652

Photon Polarization Correlations, 37–42

photon polarizations, 1

Photon Polarizations, 34–37
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Planck’s law, 3

Planck’s Law, 358–360

Poisson bracket, 65, 66

polarizability, 237

positron, 244
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Power Law Potentials, 188

principle of equivalence, 118

probability amplitude, 32

probability current density, 69, 103

Dirac equation, 467

Klein-Gordon equation, 463

radial, 423, 428

probability density, 68

Dirac equation, 467

Klein-Gordon equation, 464
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annihilation diagram, 547

Bhabha scattering, 547

Bhabha scattering cross section, 561
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Compton scattering, 547

Fermion Propagator, 541–546
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Quantization 

Radiation Field in Coulomb Gauge, 347–350
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Classical Limit, 361–363

Fluctuations, 350–353
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quantum chromodynamics, 565

quantum field theory, 1

quantum measurement problem, 2, 630

apparatus ready state, 630

decoherence, 633

modified unitary evolution, 638

spontaneous localization, 639

two dynamical principles, 637

Quantum Measurement Problem 

Many-Worlds Hypothesis, 637

quark confinement, 570
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3 generations, 565
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Rabi’s formula, 400
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radiation field 

covariant form, 363

Raman effect, 394
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ray, 28

Rayleigh scattering, 395, 398

Rayleigh-Jeans formula, 3

Rayleigh-Schroedinger perturbation theory. See 

perturbation theory, static

reflection coefficient, 104

relativistic wave equations, 1

Klein paradox, 511
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resonance fluorescence, 395, 399

rotation group, 145

rotation matrices 

general formula, 156

Rotation Matrices, 151–157
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Rutherford scattering, 548

Rutherford, E., 4, 570
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S operator, 527
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scalar boson 

Goldstone, 591

Higgs, 564, 569

scalar product, 9

scattering 

Breit-Wigner resonance, 437

classical-quantum connection, 458

Coulomb, 425

Coulomb barrier, 440

Coulomb, 2 identical particles, 456

elastic, 422

inelastic, 422, 429

phase shifts, general properties, 456

reaction, 422

resonance, 109

Rutherford, 439

Scattering 

Coulomb, 437–440

s-Wave, Low Energy, 430–437

Time Dependent, 441–447

scattering amplitude 

partial wave phase shift, 428

Scattering Amplitude, 423–424

Partial Wave Expansion, 424–430

scattering cross section, 395

scattering length, 431

scattering theory 

time dependent, 422

time independent, 422

Schmidt process, 10, 24, 70

Schroedinger 

wave equation, 63, 64

Schroedinger equation 

Galilean invariance, 71

many-particle, 273
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Schroedinger Equation 

Radial, 188

Schroedinger picture, 34, 527

Schroedinger, E., 2, 194

Schwinger, J., 405

second quantization, 1, 259

Second Quantization 

Fermions, 261–262

Stability of a Metal, 329–336

secular determinant, 20n. 1

secular equation, 20

Semi-Classical Approximation. See WKB 

Approximation

semiweak interaction, 568

SI units, 2

Slater determinant, 250, 259, 261, 262, 264, 273
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spin 
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spin current density, 203

spin-orbit interaction, 224, 226, 285

Spin-Orbit Interaction 

Complex Atom, 298

spin-statistics connection, 249

spontaneous emission, 381, 383

spontaneous emission decay rate. See A coefficient

spontaneous symmetry breaking, 589

example of elastic instability, 589

square matrix 

representation of operator, 16

squeezed state, 142

stability of a metal 

exchange contribution, 330

stability of matter, 1

Chandrasekhar limit, 339

equation of hydrostatic equilibrium, 337

extensivity, 328

Fermi-Dirac statistics, 328

planet Jupiter, 339

stability of first kind, 325

stability of second kind, 328

thermodynmaic limit, 328

Stability of Matter, 325–329

Failure of Extensivity in star, 336–339

Stark effect, 503

first order, 238

hydrogen, 2s state, 402

linear, 239

Stark Effect, 236–239

stationary state, 70

statistical ensemble, 45

Stefan-Boltzmann constant, 359

Stern-Gerlach experiment, 75

stimulated absorption, 381, 386, 387

stimulated emission, 381, 386, 387

Stoner, E.C., 5, 7

storage ring 

electron polarization, 401

strangeness oscillations, 574

SU(3) structure constants, 183

SU(n), 181

subspace, 9, 15, 33

Sudden Approximation, 415–416

sum rules, 27, 403

superpotential, 130

superselection rule, 157

s-wave scattering 

hard sphere, 433

square well potential, 432

tau lepton, 564
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thallium atom, 244

thermodynamic identity, 360

Thirring, W., 325

Thomas, L.H., 224, 279

Thomas-Fermi differential equation, 281, 299, 300

Thomas-Fermi model, 273, 328

diamagnetic correction, 300

negative ions, 282
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positive ion, 282

scaling laws, 283

total electron energy, 283–285

virial theorem, 285

Thomas-Fermi Model, 279–285

Thomas-Reich-Kuhn sum rule, 403

Thomson, G., 5

Thomson, J.J., 86

Thomson scattering, 395, 399

Thomson scattering cross section, 562

time development operator, 527

time ordering, 30. See time-ordered product

time-development operator, 29

time-energy uncertainty relation, 56

time-ordered product, 530

Townes, C.H., 113

trace, 21

of product of gamma matrices, 556–557

transmission coefficient, 104, 106, 109, 140

triangle rule, 383

Two Photon Processes, 394–400
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unitary evolution, 30

unitary space, 9, 10

vacuum polarization, 410

valency 

definition, 317

Valency, 321

van der Waals interaction, 221, 240–243, 354

variational method, 254, 255, 269, 277

generalization, 214

limitation, 205

Variational Method, 204–205

vector bosons 

gluons, 564

photon, 564

W,Z, 564

Vector Bosons 

Gluons, 569

vector coupling coefficients, 383

3-j symbols, 168

general formula, 168

Vector Coupling Coefficients, 163–168

vector space 

complex, 8

linear, 8

vector spherical harmonics, 659

vector spherical waves, 382, 660–661

Veltman, M., 588

virial theorem, 190, 213, 223

von Karman, T., 4

wave function 

antisymmetric, 248

coordinate space, 59

momentum space, 59

symmetric, 248

wave-particle duality, 4, 5

weak interaction 

neutral, 568

weak interactions 

charged, 576

C violation, 575

Cabibbo’s hypothesis, 577

charged pion decay, 617–619

CKM matrix, 578, 587

conserved vector current, 578

CP Violation, 585–588

Fermi constant, 571

Fermi theory, 570–573

GIM mechanism, 584

intermediate vector boson propagator, 583

muon capture, 574
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alpha decay, 217

field emission, 216

WKB Approximation, 205–211
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Yukawa potential, 369
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meson theory of nuclear forces, 573
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