
Cambridge University Press & Assessment
978-1-009-67962-6 — Quantum Mechanics
Ana María Cetto , Luis de la Peña
Table of Contents
More Information

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

Contents

Preface page xi

1 The QuantumWorld and Its Description 1

1.1 The Quantum World, Part of the Physical World 2

1.2 Is Quantum Mechanics a Complete Theory? 5

1.3 Main Issues in the Interpretation of Quantum Mechanics 8

1.4 Completing the Quantum Ontology 12

Bibliographical Notes 13

2 Matter and Field 14

2.1 Time of Rupture 14

2.2 Planck: The First Quantum Leap 15

2.3 Einstein: Quantization as a Universal Phenomenon 22

2.4 Early Attempts to Model the Atom 27

2.5 Bohr9s Quantum Atom Model 29

2.6 The Early Quantization Rules 31

2.7 De Broglie: Waves Associated with Corpuscular Motion 33

2.8 Electron Beam Diffraction 35

2.9 Back to Planck: Completing the Spectral Law

with the Zero-Point Field 38

2.10 Corollary: The Electrodynamic Essence of Quantum Mechanics 40

Problems 41

Bibliographical Notes 43

3 QuantumMechanics in the Heisenberg (Matrix) Picture 44

3.1 The Beginnings of Matrix Mechanics 44

3.2 The Heisenberg Picture 45

3.3 x- and p- Representations 49

3.4 Laws of Motion in the Heisenberg Picture 53

3.5 Matrix Description of the Harmonic Oscillator 54

3.6 Generalization to Arbitrary Potentials 59

3.7 State Vectors and the Hilbert Space. Pauli Matrices 59

3.8 Why Operators Instead of Functions? 62

Problems 63

Bibliographical Notes 64

www.cambridge.org/9781009679626
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-67962-6 — Quantum Mechanics
Ana María Cetto , Luis de la Peña
Table of Contents
More Information

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

vi Contents

4 QuantumMechanics in the Schrödinger (Wave) Picture. Dirac

8

s Notation 65

4.1 Wave Patterns of Quantum Particles 65

4.2 The Continuity Equation 69

4.3 The Stationary Schrödinger Equation 71

4.4 Basic Operators and Their Expectation Values in Conoguration

Space 89

4.5 General Properties of Quantum Operators and Eigenvalue

Equations 91

4.6 Dirac

8

s Symbolic Notation 95

Problems 104

Bibliographical Notes 106

5 One-Dimensional Potential Steps, Barriers, andWells 107

5.1 General Approach 107

5.2 The Step Potential 109

5.3 The Square Well 113

5.4 The Square Potential Barrier: Tunneling 120

5.5 The Symmetric Double Well: Energy Splitting and

Periodic Tunneling 126

5.6 Corollary: Meaning of Particle-Wave Behavior 131

Problems 131

Bibliographical Notes 132

6 TheWKB Approximation. Electronic Properties of Solids 133

6.1 The Semiclassical Approach 133

6.2 Transmission Across a Barrier. Alpha Decay 140

6.3 Electronic Properties of Solids 147

Problems 160

Bibliographical Notes 161

7 The Free Particle. The Time-Dependent Schrödinger Equation 162

7.1 The Free Particle 162

7.2 The Time-Dependent Schrödinger Equation 177

7.3 The Propagator in the General Case 184

Problems 188

Bibliographical Notes 190

8 Dynamics of Quantum Systems 191

8.1 Dynamics in the Heisenberg Description 191

8.2 The Schrödinger Description 192

8.3 The Dynamics of Expectation Values. Ehrenfest9s Theorem 193

8.4 Elements for a Statistical Description 196

8.5 The Heisenberg Inequalities and Their Meaning 199

8.6 Quantum Canonical Transformations 204

8.7 *Integrals of Motion and Symmetries: Noether9s Theorem 215

Problems 220

Bibliographical Notes 221

www.cambridge.org/9781009679626
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-67962-6 — Quantum Mechanics
Ana María Cetto , Luis de la Peña
Table of Contents
More Information

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

vii Contents

9 The One-Dimensional Harmonic Oscillator 222

9.1 A Maximally Coherent Oscillating Packet with Minimal

Dispersion 222

9.2 Eigenfunctions and Eigenvalues of the Hamiltonian 226

9.3 Transitions Between States: Selection Rules

for the Harmonic Oscillator 231

9.4 Raising and Lowering Operators 232

9.5 Two Coupled Harmonic Oscillators 239

Problems 242

Bibliographical Notes 243

10 The Physics Underlying Quantum Phenomena 244

10.1 Quantum Mechanics as a Stochastic Theory. The Nelson

Theory 245

10.2 Stochastic Electrodynamics. Basic Properties of the ZPF 251

10.3 Statistical Approach: The Fokker3Planck Equation 259

10.4 Transition to the Quantum Description in Terms of Operators 261

10.5 Hydrodynamic Quantum Analogs 267

Problems 268

Bibliographical Notes 269

11 Angular Momentum Theory 270

11.1 Orbital Angular Momentum. Spherical Harmonics 270

11.2 Radial Hamiltonian for Central Forces 280

11.3 Matrix Representation of the Angular Momentum.

The Pauli Matrices 283

11.4 Addition of Two Angular Momenta 291

Problems 298

Bibliographical Notes 299

12 Central Potentials. The Hydrogen Atom 300

12.1 Reduction of the Two-Body Problem 300

12.2 Angular Momentum Selection Rules for Dipole Transitions 305

12.3 The 3D Rigid Rotor 306

12.4 The Free Particle in 3D 308

12.5 The Hydrogen-Like Atom 310

12.6 The Hydrogen Spectrum 315

12.7 The Atom in an Electromagnetic Field. The Zeeman Effect 320

Problems 328

Bibliographical Notes 330

13 Stationary Perturbation Theory and the Variational Method 331

13.1 Introduction to Time-Independent Perturbation Theory 331

13.2 Perturbation Theory for Nondegenerate States 334

13.3 Perturbation Theory for Degenerate States 339

13.4 The Stark Effect 346

www.cambridge.org/9781009679626
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-67962-6 — Quantum Mechanics
Ana María Cetto , Luis de la Peña
Table of Contents
More Information

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

viii Contents

13.5 The Dielectric Constant 348

13.6 *The Canonical Transformation Method 351

13.7 *The Feynman and Hellman Method 352

13.8 The Variational Method: Minimum Energy of the Quantum

States 353

Problems 359

Bibliographical Notes 362

14 The Electron Spin. Entangled States 363

14.1 Discovery of the Electron Spin 363

14.2 The Quantum Theory of Spin 366

14.3 Effects of Spin on Atomic Spectra 370

14.4 Modeling the Electron Spin 378

14.5 Quantum Correlations and Apparent Nonlocality 380

Problems 389

Bibliographical Notes 391

15 Identical-Particle Systems: Quantum Statistics. The Density Matrix 392

15.1 Multipartite Systems 392

15.2 Bosons and Fermions. The Pauli Principle 398

15.3 Effects of Statistics on the Energy Spectrum 402

15.4 Collective Phenomena. Phonons and Bose-Einstein

Condensates 408

15.5 The Density Matrix. Pure States and Mixtures 414

Problems 434

Bibliographical Notes 436

16 Atoms and Molecules 437

16.1 Multielectron Atoms. The Hartree3Fock Method 437

16.2 The Periodic Table of the Elements 442

16.3 The Helium Atom 445

16.4 Molecular Structure 454

16.5 Effects of Nuclear Motion on Diatomic Molecules 465

16.6 Intermolecular Forces. Casimir and van der Waals Forces,

Measurable Effects of the ZPF 471

16.7 Nuclear Structure. Extending the Periodic

Table of the Elements 477

Problems 480

Bibliographical Notes 482

17 Time-Dependent Perturbations. Field Quantization and Second Quantization 483

17.1 Time-Dependent Perturbation Theory 483

17.2 Radiative Transitions 493

17.3 Radiative Corrections: The Full Picture 506

17.4 The Radiative Corrections According to SED. Atomic Lifetimes

and Lamb Shift 512

www.cambridge.org/9781009679626
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-67962-6 — Quantum Mechanics
Ana María Cetto , Luis de la Peña
Table of Contents
More Information

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

ix Contents

17.5 Canonical Field Quantization Clarioed 519

17.6 *Second Quantization. An Introduction 522

Problems 529

Bibliographical Notes 530

18 Elastic Scattering Theory 531

18.1 Collision Phenomena 531

18.2 The Born Approximation 537

18.3 Form Factors 544

18.4 Partial-Wave Expansion. Introducing the S Matrix 547

18.5 *Resonant Scattering 554

Problems 558

Bibliographical Notes 560

19 Relativistic Equations. An Introduction 561

19.1 The Klein3Gordon Equation 561

19.2 The Dirac Equation 566

19.3 Properties of the Dirac Equation. The Zitterbewegung 572

19.4 The Free Particle 576

19.5 *The Dirac Particle in an External Electromagnetic Field 580

19.6 Solution of Dirac9s Equation for the Hydrogen-Like Atom 583

19.7 Approximate Versions of Dirac9s Equation 584

Problems 586

Bibliographical Notes 587

Appendix A Mathematical Tools 588

A.1 Solving Second-Order Linear Homogeneous Differential

Equations: Special Functions 588

A.2 Mathematical Identities 596

A.3 Curvilinear Coordinates 596

A.4 Dirac9s Delta 599

A.5 The Gamma Function 600

A.6 Solving Eigenvalue Problems by Means of Algebraic Consistency

Conditions 601

Bibliographical Notes 604

Physical Constants 605

References 606

Index 620

www.cambridge.org/9781009679626
www.cambridge.org

