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reflectionless potential 81

relativistic correction 296–299

harmonic oscillator 298

hydrogen 295–299

relativistic energy 296

relativistic momentum 296

resonance curve 437

revival time 76

Riemann zeta function 36–37

rigged Hilbert space 100–101

rigid rotor 165

Rodrigues formula 54, 135

“roof lines” 351

rotating wave approximation

410

rotations 233–234, 248–262

generator 248–249

infinitesimal 248–251

spinor 269

row matrix 470

Runge–Lenz vector 270–272

Rutherford scattering 379, 394

Rydberg constant 155

Rydberg formula 155

S

s (sharp) 213

scalar 464

pseudo- 246, 250

“true” 246, 250

scalar multiplication 465

scalar operator 250

scalar potential 181

scattering 376–401, 424–425

amplitude 380

angle 376

Born approximation 380,

388–397

classical 376–379

cross-section 377–378

hard-sphere 376–378, 384,

387

identical particles 400–401

length 398

low energy 393

matrix 81–82

one dimensional

partial wave analysis

380–387

phase shift 385–387

Rutherford 379, 394

soft-sphere 393, 395, 397

two dimensional 399–400

Yukawa 394–395

scattering states 61–63, 66–70,

81–82
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delta function 66–70

finite square well 73–76

tunneling 68–69, 358–362,

370, 375

Schrödinger, E. 188

Schrödinger equation 3,

131–132

electromagnetic 181

helium 348

hydrogen 143

integral form 388–391

momentum space 130

normalization 14–16

radial 138

spherical coordinates 133

three-dimensional 131–132

time dependent 3, 15, 24–31,

131, 402–403

time independent 25–26, 132

two-particle systems 198–200

WKB approximation

354–375

Schrödinger picture 265, 434

Schrödinger’s cat 461–462

Schwarz inequality 92, 106,

467–468

screening 213, 335–336

sech-squared potential 81, 371,

375

selection rules 246, 420–422

parity 246–248

scalar operator 255–258

vector operator 258–262

self-adjoint extension 130

self-adjoint matrix 471

self-adjoint operator 130

semiclassical regime 358

semiconductor 223

separable solution 25–31

separation of variables 25–26,

133–134

sequential measurements

194–195

shell 213

shielding 335–336

shooting method 194

similar matrices 474

simple harmonic oscillator

equation 31

simultaneous diagonalization

479

singlet configuration 177, 206,

312

singular matrix 472

sinusoidal perturbation 408–411

sinusoidal wave 56

skew-hermitian matrix 124, 471

skew-hermitian operator 124

Slater determinant 206

S-matrix 81–82

solenoid 183–184

solids 23–24, 84, 216–225

band structure 220–224

free electron model 216–220

Kronig–Penney model

221–222

Sommerfeld, A. 216

span 465

spectral decomposition 120

spectrum 96, 476

blackbody 416–417

coincident lines 190

degenerate 96, 476

hydrogen 155–156

matrix 476

spherical Bessel function

140–141, 381–382

spherical coordinates 132–134

angular equation 134–138

radial equation 138–154

separation of variables 133

spherical Hankel function

381–382

spherical harmonic 137–138,

191–192, 234

spherical Neumann function

140–141

spherically symmetric potential

132–134, 371, 393–394

spherical tensor 258

spin 165–180, 191

commutation relations 166

down 167

entangled states 177, 199,

447

matrix 168, 191

one 172

one-half 167–171

singlet 177

statistics 201

three-halves 191

triplet 177

up 167

spinor 167, 247

spin-orbit coupling 295,

299–304

spin-spin coupling 312, 344

spontaneous emission 412–413,

416–422

hydrogen 439

lifetime of excited state

418–420

selection rules 420–422

square-integrable function 14,

92–93

square well

double 79

finite 70–76

infinite 31–39

standard deviation 11

Stark effect 286, 319–320, 322,

374

state

mixed 456–458

pure 455–456

stationary states 25–31,

324–325

delta-function well 66

free particle 55–56

harmonic oscillator 44

infinite square well 31–32

virial theorem 125

statistical interpretation 3–8,

102–105

statistical mechanics 88

statistics (spin and) 201

step function 69, 330

Stern–Gerlach experiment

174–175, 196

stimulated emission 412–413

Stoner criterion 227

subsystem 459

summation convention 249

superconductor 184

superluminal influence 452

superpotential 129

supersymmetry 40, 129

symmetric matrix 471

symmetric state 201, 206

symmetrization principle 201,

207

symmetry 232–275

continuous 232

cubic 321

discrete 232

inversion 243

orthorhombic 321

rotational 250–251, 269–270

spherical 132–134. 371, 393

tetragonal 321

translational 238–242

T

Taylor series 39

Taylor’s theorem 49

tensor operator 250

tetragonal symmetry 321

thermal energy 219

theta function 330

Thomas precession 302

three-particle state 225
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time-dependent perturbation

theory 402, 405–411,

434–435

Golden Rule 422–426

two-level systems 403–411

time-dependent Schrödinger

equation 3, 15, 24–31, 131,

197–198, 402–403, 433–434

numerical solution 443–445

time evolution operator

262–268

time-independent perturbation

theory 279–326

degenerate 283, 286–295,

314–315, 317

nondegenerate 279–286

time-independent Schrödinger

equation 25–26

bouncing ball 332, 369

delta-function barrier 440

delta-function well 63–70

finite square well 70–74

free particle 55–61

harmonic oscillator 39–54

helium atom 210

hydrogen atom 143

hydrogen molecule 341

hydrogen molecule ion 337

infinite square well 31–39

stationary states 25–31

three dimensions 132

two-particle 198–200

time-ordered product 434

time reversal 272–275

time translation 266–267

total cross-section 378,

383–384

trace 474

transfer matrix 82–83

transformation

active 236–237

hermitian 482–484

infinitesimal 240

linear 91, 468

of operators 235–237

unitary 484

transition 155, 402

allowed 438

electric dipole 438

electric quadrupole 438

forbidden 421, 438

magnetic dipole 438

passive 236–237

transition probability 409

transition rate 414–415

translation 232–233

generator 235

infinitesimal 240–241

operator 232–233, 235–242,

268

symmetry 238–242

time 262–268

transmission coefficient 67, 75,

359, 370

transmitted wave 66–68

transpose 470–471

triangle inequality 468

tri-diagonal matrix 444

triplet configuration 177, 312

“true” vector 245–247, 250

tunneling 63, 68–69, 358–362,

370

in Stark effect 374

turning point 61–62, 354–355,

363–364, 366

two-fold degeneracy 286–294

two-level system 403–411

two-particle systems 198–200

U

uncertainty principle 19–20,

105–113

angular momentum 158

energy-time 109–113

extended 127–128

generalized 105–108

Heisenberg 132

position-momentum 19–20,

132

minimum-uncertainty wave

packet 108–109

unitary matrix 472, 474,

484

unitary transformation 484

unit vector 467

unstable particle 23

V

valence electron 216

van der Waals interaction

315–316

van Hove singularity 229

variables

continuous 11–14

discrete 8–11

hidden 5–6, 449, 454

separation of 25–26, 133

variance 11

variational principle 327–353

bouncing ball 332

delta function well 331

excited states 331–332

harmonic oscillator 328,

331–332

helium 332–336

hydrogen 347

hydrogen ion (H−) 336

hydrogen molecule 341–346

hydrogen molecule ion

337–341

infinite square well 327–332

quantum dot 350–351

Yukawa potential 347

vector 91, 464–466

addition 464

changing bases 473–475

column 470

Dirac notation

inverse 464

null 464

operator 249–250

pseudo- 245–247, 250

row 470

“true” 245–247, 250

unit 467

zero 464–465

vector potential 181

vector space 464

velocity 17

classical 56, 58–59

group 58–59

phase 58–59

vertex factor 396

virial theorem 125, 187,

298

W

wag the dog method 51, 83–84,

194

watched pot phenomenon

442–443

wave function 3–8, 14–16

collapse 6, 102, 170, 443,

446–447, 453

free particle 55–61

hydrogen 151

infinite square well 32

Laughlin 208–209

momentum space 104–105,

121–123, 188

normalization 14–16

position space 104, 121–123

radial 138, 144, 152

statistical interpretation 3–8

three dimensions 131–132

two-particle 198–200

unstable particle 23

wavelength 19, 155

de Broglie 19, 23

wave number 379

wave packet 56–61

gaussian 61, 77, 108–109,
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wave-particle duality 446

wave vector 217

white dwarf 227

wiggle factor 26, 29

Wigner, E. 462

Wigner–Eckart theoren

255–262, 307

WKB approximation 354–375

“classical” region 355, 363

connection formulas 362–371

double well 372–374

hydrogen 372

non-vertical walls 368–369

one vertical wall 367–368

radial wave function 371

tunneling 358–362, 374–375

two vertical walls 356–357

Wootters, W. 459

Y

Young’s double-slit experiment

7–8

Yukawa potential 347,

351–352, 394

Yukawa scattering 394, 401

Z

Zeeman effect 304–310

intermediate-field 309–310

strong-field 307–308

weak-field 305–307

Zener diode 362

Zener tunneling

362–363

Zeno effect 442–443

zero matrix 476

zero vector 464–465

Zurek, W. 459
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