
Contents 

Preface ix 

Chapter 1 Dirac Formulation of Quantum Mechanics 1 

1.1 Introduction 2 

1.2 Ket Vectors 6 

1.3 Scalar Product; Bra Vectors 8 

1.4 Linear Operators 12 

1.5 Hermitian Operators 15 

1.6 The Eigenvalue Problem 16 

1.7 Observables, Completeness, Expansion in Eigenkets; Dirac   Function 21 

1.8 Matrices 27 

1.9 Matrix Representation of Kets, Bras, and Operators 28 

1.10 Transformation Functions; Change of Representation 32 

1.11 Quantization; Example of Continuous Spectrum 36 

1.12 Measurement of Observables; Probability Interpretation 44 

1.13 The Heisenberg Uncertainty Principle 47 

1.14 Dynamical Behavior of a Quantum System 53 

1.15 The Schrodinger Picture of Quantum Mechanics 56 

1.16 The Heisenberg Picture 57



1.17 The Interaction Picture 61 

1.18 Wave Mechanics 62 

1.19 The Free Particle; Change in Time of Minimum Uncertainty Wave Packet 63 

chapter 2 Elementary Quantum Systems 69 

2.1 Introduction 70 

part I The Harmonic Oscillator 

2.2 The Oscillator in the Heisenberg Picture 71 

2.3 The Energy-eigenvalue Problem for the Oscillator 76 

2.4 Physical Interpretation of N, a, and at; Bosons and Fermions 79 

2.5 Transformation Function from N to q Representation 84 

part 11 Electron Spin 

2.6 Pauli Spin Operators 85 

2.7 Energy of Spin in Magnetic Field 90 

2.8 Spin Operators in the Heisenberg Picture 92 

part III Electrons in Electric and Magnetic Fields 

2.9 Hamiltonian for Electron in Electromagnetic Field 93 

 chapter 3 Operator Algebra 97 

3.1 Introduction 98 

part I General Operators 

3.2 Some General-operator Theorems 99 

part 11 Boson Creation and Annihilation Operators 

3.3 Normal Product, Normal-ordering Operator, and Normal Form 104 

3.4 Algebraic Properties of Boson Operators 108 

3.5 Solution of the Schrodinger Equation by Normal Ordering; 

Driven Harmonic Oscillator 119 

3.6 The Schrodinger Equation for Two Independent Sets of Boson Operators 124 

3.7 Generating Function for Oscillator Eigenfunctions; 

Minimum Uncertainty Wave Packets 126 

part III The Pauli Spin Operators 

3.8 Algebraic Properties of Spin-,1/2 Operators 131



chapter 4 Quantization of the Electromagnetic Field 137 

4.1 Introduction 138 

4.2 Quantization of an LC Circuit with a Source. 139 

4.3 Quantization of a Lossless Transmission Line 145 

4.4 Equivalence of Classical Radiation Field in Cavity to Infinite Set 

of Harmonic Oscillators 148 

4.5 Quantization of the Radiation Field in Vacuum 156 

4.6 Density of Modes 159 

4.7 Commutation Relations for Fields in Vacuum at Equal Times 160 

4.8 Zero-point Field Fluctuations 165 

4.9 Classical Radiation Field with Sources 168 

4.10 Quantization of Field with Sources 170 

chapter 5 Interaction of Radiation with Matter 175 

5.1 Introduction 176 

5.2 Hamiltonian of an Atom in a Radiation Field 177

5.3 Time-dependent Perturbation Theory 178 

5.4 Absorption of Radiation by an Atom 185 

5.5 Induced and Spontaneous Emission by an Excited Atom 189 

5.6 Theory of Natural Line Width 191 

5.7 The Doppler Effect 197 

5.8 Propagation of Light in Vacuum 202 

5.9 Semiclassical Theory of Electron-spin Resonance 207 

5.10 Collision Broadening of Two-level Spin System 211 

5.11 Effect of Field Quantization on Spin Resonance 212 

chapter 6 Quantum Statistics 219 

6.1 Introduction 220 

6.2 The Density Operator 222 

6.3 Some Properties of the Density Operator 223 

6.4 Equations of Motion for p 225 

6.5 The Pure State 227 

6.6 Entropy 228 

6.7 Density Matrix for Spin-1/2 Particles 233



6.8 The Characteristic Function 237 

6.9 The Poisson Distribution 238 

6.10 The Exponential Distribution 242 

6.11 Signal Plus Noise 245 

6.12 Entropy of Poisson, Signal-plus-noise, and Noise States 248 

chapter 7 Quantum Statistics of Attenuators 
and Linear Amplifiers 253 

7.1 Introduction 254 

7.2 Model for Loss Mechanism; Phonons 255 

7.3 Attenuator Equations of Motion 259 

7.4 Characteristic Function for Attenuator; Cavity Bandwidth 261 

7.5 Model for Maser 266 

7.6 Maser Equations of Motion 268 

7.7 Maser Characteristic Function; Noise Temperature 270 

7.8 Steady-state Maser Solution 272 

7.9 Parametric Amplifier and Frequency-converter Model 274 

7.10 Statistical Properties of the Parametric Amplifier 277 

7.11 Frequency-converter Characteristic Function 279 

Appendixes 

appendix A Hamiltonian for Radiation Field in Plane-wave Representation 283 

appendix B Momentum of Field in Cavity 285 

appendix C Properties of Transverse S Function 287 

appendix D Commutation Relations for D and B 290 

appendix E Heisenberg Equations of Motion for D and B 292 

appendix F Evaluation of Field Commutation Relations 294 

appendix G Evaluation of Sums in Equation (5.137) 296 

appendix H Approximate Solution of Attenuator Equations of Motion 299 

Index 301


