Contents

L. Classical Electromagnetic Fields. . . . . ........ ... ... .. 1
1-1. Maxwell’s Equations ina Vacuum .. ................ 2
1-2. Maxwell’s Equations ina Medium . ... .............. 5
1-3. Linear Dipole Oscillator . . . . .. .. .. v i v v e 11
1-4. Coherence . . ... .. i i it e e e e 19
1-5. Free-Electron Lasers . . . .. . ... ..« ... 26
References . .. ... v i i it it e i e e 36
Problems . . ... . e e e e e e e 37
2. Classical Nonlinear Optics . . . . . ................... 41
2-1. Nonlinear Dipole Oscillator . . . ... .. ..., ... ....... 41
2-2. Coupled-Mode Equations . . . ... .. ... ... 45
2-3. Cubic Nonlinearity . .. ... ... ..ttt enn.. 47
2-4. Four-Wave Mixing with Degenerate Pump Frequencies . ... 51
2-5. Nonlinear Susceptibilities . . ... .. ... .. .. ... ... 56
References . . ... .o i ittt it i i e e e e e e e 58
Problems . ... .. . e e e e e 59
3. Quantum Mechanical Background .................. 60
3-1. Review of Quantum Mechanics ... ................ 61
3-2. Time-Dependent Perturbation Theory .. ............. 73
3-3. Atom-~Field Interaction for Two-Level Atoms . ... ...... 82
3-4. Simple Harmonic Oscillator . .. .. .. ... ... ... .. ... 93
References . .. ... i i ittt et e e e e e e 96
Problems . . . ... e e e e e e e 97
4, Mixtures and the Density Operator. . . . ... .......... 101
4-1. Level Damping . . .. .. . . vttt it e e 102
4-2. The Density Matrix . ... ... ... ... 106
4-3. Yector Model of Density Matrix .. ............... 117
ReferenCeS . . . v i it it e e e e e e e 124
Problems . . .. .. ... e e e 124

|
- ) ) E HE
Bibliografische Informationen digitalisiert durch NATI L
http://d-nb.info/900651059 13 IOTHE



http://d-nb.info/900651059

xii CONTENTS

5. CW Field Interactions . .. ....................... 129
5-1. Polarization of Two-Level Medium .. ............. 129
5-2. Inhomogeneously Broadened Media . . ............. 137
5-3. Counterpropagating Wave Interactions . . ............ 143
5-4. Two-Photon Two-Levei Model . ................. 148
5-5. Polarization of Semiconductor Gain Media .. ......... 156
REfereNCeS . o v v v v e i et e e e e e e e e 164
Problems . . . . . e e e e e e e e e e e e 165
6. Introduction to Laser Theory . .................... 169
6-1. The Laser Self-Consistency Equations . . ............ 170
6-2. Steady-State Amplitude and Frequency ............. 173
6-3. Standing-Wave, Doppler-Broadened Lasers . . . .. ... ... 181
6-4. Two-Mode Operation and the Ring Laser .. ......... 188
6-5.Mode Locking . . . .. ..t it i it e e 192
6-6. Single-Mode Semiconductor Laser Theory ........... 196
6-7. Transverse Variations and Gaussian Beams . .. ... .. ... 202
RefereNCeS . . v v v v et e e e e e e e e e e e e e e e e e s 207
Problems . . ... .o i i e e e e 209
7. Optical Bistability . . .. ...................... ... 214
7-1. Simple Theory of Dispersive Optical Bistability ... ... .. 216
7-2. Absorptive Optical Bistability .. ................. 221
7-3.Ikeda Instability . . ... ... ... .. ... . 224
ReferencCes . . . v v v i et e e e e e e e e e e 227
Problems . . . .. i e e e e e e e 228
8. Saturation Spectroscopy . . .... .. ... ... ... ... ... 229
8-1. Probe-Wave Absorption Coefficient . .............. 230
8-2. Coherent Dips and the Dynamic Stark Effect . ........ 237
8-3. Inhomogeneously Broadened Media . .............. 247
8-4. Three-Level Saturation Spectroscopy . . . ... .. .. .. ... 250
ReferenceS . o v v vt i i e e e e e e e e e e e e 254
Problems . . ... i e e e e e e 255
9. Three and Four Wave Mixing. . ... ................ 258
9-1. Phase Conjugation in Two-Level Media .. .......... 259
9-2. Two-Level Coupled Mode Coefficients . . ........... 262
9-3. Modulation SpectrosCopy . . v v v v it i i e 266
9-4. Nondegenerate Phase Conjugation by Four-Wave Mixing . . 270
References . . .. v v v i ittt e e e e e e 272
Problems . . . . . i e e e e e e e e e e e 272



CONTENTS xiii

10. Time-Varying Phenomena in Cavities . . .. ... ... .. .. 274
10-1. Relaxation Oscillations in Lasers . . .. ... .......... 275
10-2. Stability of Single-Mode Laser Operation ........... 279
10-3. Multimode Mode Locking . . . ... ............... 284
10-4. Single-Mode Laser and the Lorenz Model . . . ... ... .. 287
References . .. .. ... ...ttt 289
Problems . ... .. ... ... e e e e 291

11. Coherent Transients . . . ... ... .................. 292
11-1. Optical Nutation . . ... .. ... .. .. ... ... 293
11-2. Free Induction Decay .. ........... ... .c...... 296
I1-3.Photon Echo .. ... .. ... ... . . L, 297
11-4, Ramsey Fringes . ... ... ... ... ... .. ... 300
11-5. Pulse Propagation and Area Theorem . ... .......... 302
11-6. Self-Induced Transparency . ................... 306
References . . ... ... .. @ittt 309
Problems . ... ... ... e e e 310

12. Field Quantization . . . .. ................ e 312
12-1, Single-Mode Field Quantization . ................ 312
12-2. Multimode Field Quantization ... ............... 315
12-3. Single-Mode Field in Thermal Equilibrium . ... ... ... 317
12-4. Coherent States . .. .. ... ..t v ittt it 321
12-5. Coherence of Quantum Fields .................. 327
12-6. P(a) Representation . . . ... .........c.0.uv.u... 330
References . . ... .. ...ttt in it 334
Problems . .. ... ... e e 335

13. Interaction Between Atoms and Quantized Fields. . . . . . 336
13-1. Dressed States . . .. .... ... ..y 337
13-2. Jaynes-Cummings Model .. ... ................ 342
13-3. Spontaneous Emission in Free Space . ............. 347
13-4 Quantum Beats . . ... ... ... .. ... ... .. .. . ..., 355
References . ................ e 359
Problems . ... .. ... .. . ... e 360

14. System-Reservoir Interactions . . . . .. .............. 363
14-1, Master Equation . . . .. ... .. i ittt 365
14-2, Fokker-Planck Equation . . . . ... ... ............ 376
14-3. Langevin Equations . . .. ... ... .. ... 380
14-4, Quantum Regression Theorem and Noise Spectra . ... .. 385
References . . ... .. ... ittt 392

Problems . . .. . e e e e e e e e 392



xiv CONTENTS

15. Resonance Fluorescence . ... .. ... ... ... 395
15-1. Phenomenology . . . . . v v v vt vt it i 396
15-2. Langevin Equations of Motion . . . ............... 399
15-3. Scattered Intensity and Spectrum . .. ... .......... 403
15-4. Connection with Probe Absorption . . ............. 410
15-5. Photon Antibunching . . . ... ... ... .. ... ...... 416
15-6. Off-Resonant Excitation . ... ................. 417
References . . . v v v vt it e e e e e e e e e e 421
Problems . .. ... it e e e 422

16. Squeezed Statesof Light. . . . . ................... 425
16-1. Squeezing the Coherent State . . ................. 426
16-2. Two-Sidemode Master Equation . . ... ............ 431
16-3. Two-Mode Squeezing . ... ... ...t .n 435
16-4. Squeezed Vacuum . . .. ... ...ttt 439
2 S (= 115NN 443
Problems . . . . i i e e e e e e e e e e e e e 444

17. Quantum Theoryof aLaser .. ................... 446
17-1. The Micromaser . . . . . . . v v i v it vt b ee e et a e e 448
17-2. Single-Mode Laser Master Equation . ............. 458
17-3. Laser Photon Statistics and Linewidth . ............ 463
17-4. Quantized Sidemode Buildup . . .. ... ...... ... ... 472
R OINCES . . v v v v e i it e e e e e e e e e e 474
Problems . . . .. i e e e e e e e e 475

SubjectIndex . .......... ... ... .. ... . i, 477



