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Accelerometer 243
Allan standard deviation 283
Amplitude-phase coupling 68
Amplitude reflection 267
Anticipating synchronization 193, 210, 317
Anti-modes 28
Antiphase dynamics 122
Arnold tongues 125
Attractor

Chaotic 103, 169
Limit cycle 103
Orbits 66
Torus 103, 137

Bifurcation
analysis 147
codimension one 157
crisis 177, 179
diagram 68, 147
external cavity mode 175
global 153, 167
heteroclinic (Shilnikov) 171
Hopf 14, 69, 72, 93, 98, 104, 152
normal form 149
quasiperiodic 99
saddle-node 28, 89, 152, 165
super-critical 153

symmetry-breaking 177
Bistability 119

Biomedical applications 299
Bose–Einstein Condensation 297
Broad area lasers 6, 85

Carrier density 26, 189
Cavity loss 25
Chaos

Communication 305
Bandwidth 323
Security 320

Masking 308
Modulation 308
Pass-filtering 317
Shift keying 308
Spatio-temporal 187
Synchronisation 185, 306

Master-slave 187
Anticipating 317
Recovery time 326

Transition to 180
Chaotic

attractor 103, 169
carrier 305
dynamics 19, 127
itineracy 106
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Chaotic (continued)
operation 51
optical communications 305

Characteristic equation 151, 162
Characteristic temperature 10
Cleaved coupled cavity laser 276
Closed loop feedback 122
Coherence collapse 19, 67, 81, 100
Complete synchronization 197
Complex fields 24, 189
Compound cavity analysis 24, 58
Confinement factor 9
Connecting orbits 157
Continuation

Near Connecting Bridges 164
Software 147

Conventional optical feedback 62, 148
Symmetry 159

Coupled cavity analysis 44
Coupling coefficient, 25
Coupling, synchronisation

Bi-directional 186
Drive-response 186
Master-Slave 186
Mutual 186
Unidirectional 186

Critical feedback coefficient 40

Degree of Synchronisation 186
Delay differential equations 148
Dense wavelength division

multiplexing 297
Devil’s staircase 125
Displacement measurements 82, 232

Diffusive targets 235
Distance measurement 241
Distributed Bragg reflector lasers 7, 277
Distributed feedback laser 7, 279
Double cavity systems 117
Double heterostructure 4
Drop out statistics 120
Dynamic targeting 122, 123

Ebeling–Coldren analysis 46
Edge- emitting lasers 6, 85
Eigenvalues 151

Entrainment 129
Evolution operator 150
External cavity 25

Anti-mode 28, 31, 65, 104
Laser 7, 228
Length effects 38
Mode 28, 31, 62, 64, 104

External differential quantum
efficiency 10

Farey tree 125
Fast pulsing 120
Fermi-Dirac statistics 9
Fibre optic communication systems 81
Filtered optical Feedback 62, 139, 262
First passage time 91
Floquet multiplier 171
Four-wave mixing 58, 70, 133
Free spectral range 258
Frequency detuning 192
Frequency filter

Lorentzian 56
Non-Lorentzian 57
Single frequency operation 260

Frequency Tuning 260
Frequency locking 93, 125
Frequency modulation 12
Frequency stabilisation 282
Frequency stabilisation (active)

Absolute References 289
Frequency Stabilisation (passive)

Current controls 285
Optical feedback 286
Relative Frequency References 287
Stable resonators 286
Temperature controls 285

Frequency-shifted feedback 132

Gain 8, 26
Generalised synchronisation 197, 207
Global bistability 66
Gyroscope 243

Micromechanical 244
Grating

Chirped 278
Sampled 278
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Heteroclinic connection 154
Homoclinic connection

Codimension one 154
Hopf bifurcation 14, 69, 72, 93, 98, 104
Horizontal cavity 6

Isochronous synchronization 197
Interferometric signal 216

Amplitude modulation 217
Frequency modulation 217

Interferometry 215
Feedback 215
Induced-modulation 215
Q factor 265
Reflectivity 263
Resolution 232
Self-mixing 215

Internal quantum efficiency 10
Intermittency 106
Intermittent synchronisation 202
Intersection 159
Inverse synchronisation 192

Lang–Kobayashi Equations 24, 27, 82, 86,
188, 218

Laser cooling 296
Laser diode array 6
Laser diode diagnostics 245

Linewidth measurement 245
Linewidth enhancement factor

measurement 247
Lead salt lasers 292
Limit cycle 103

Multi-period 69
Linewidth enhancement (�) factor 12, 27,

82, 189, 247
Littman–Metcalf cavity 272
Littrow cavity 273
Long external cavities 39
Lorenz equations 14
Low frequency fluctuations 62, 105, 187,

202, 209

MEMS 244
Message

Decoding 308

Encoding 308
Transmission 306

Mode 28
Hopping 89, 91
Maximum gain mode 32, 106
Minimum linewidth mode 32
Structure 256

Modulation 11
Modulation transfer function 12
Multimode

Effects 119
Iterative analysis 34

Multistability 69
Mutual information 186

Noise spectra 13
Nonlinear Schrödinger equation 312

Optoelectronic feedback 2, 306, 308
Optical communications systems 15, 297

Chaotic 305
Optical feedback

Closed loop 122
Diffraction Grating 266
Multicomponent 268
Regimes I–V 19, 84
Strength 94

Optical injection 2, 189
Optical pumping 295
Orbit attractor 66

Petermann–Tager condition 163
Periodic orbit

Attracting 152
Repelling 152

Phase-amplitude coupling 25
Phase conjugate optical feedback 15, 57,

70, 85, 133, 148, 169
Phase-conjugating mirror 70, 134, 148
Phase modulator 132
Phase portraits 97
Phase space 150
Photon lifetime 189
Poincare section 67, 95
Power dropouts 187
Probability density function 108
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Quantum cascade lasers 4, 281
Quantum Well 4
Quaisperiodicity 93, 125

Receiver laser
Closed-loop 307
Open-loop 307

Regular pulse packages 116, 31
Relative intensity noise 82, 128
Relaxation Oscillations 11, 194, 324
Remote sensing 216

Schalow–Townes linewidth 13, 83
Secure communication 306
Self-mixing signal 223
Self-modulation 113
Semiconductor materials, III–V, II–VI, 3
Semiconductor Laser :

DBR 7, 277
DFB 7, 46, 228
Fabry–Perot 228
Gain 8
Noise properties 18
Single frequency 255
Slope efficiency 10
Threshold current 10, 87
VCSEL 7, 46, 85, 211, 229, 280

Short external cavities 40, 114
Side mode suppression ratio 260
Signal to Noise ratio 227, 231
Single frequency lasers 259
Slope efficiency 10
Small signal analysis 31
Small Signal modulation 12
Solitary laser frequency 56
Spectrum

Metamorphosis 61
Spectrally sensitive reflector 261
Spectroscopy 291

Laser absorption 291
Optical pumping 295
Raman 295
Saturated absorption 293

Stable manifold 154
Steady state

Hyperbolic 151

Synchronization
Anticipated 193, 197, 209, 317
Chaotic 140, 305

Cascade 202
Complete 186, 314, 316
Generalized 186, 316

Closed-loop configuration 189
Cluster 187
Complete 197
Correlation coefficients 198
Correlation function 186
Coupling

Bi-directional 186
Drive-response 186
Master-Slave 186
Mutual 186, 206
Unidirectional 186

Degree of, 186
Diagram 186, 190, 192
Frequency 186
Full 187
Generalised 197, 207
Intermittent 202
Inverse 192
Isochronous 197
Lag 186
Open-loop configuration 189, 200
Parameter mismatch 321
Phase 186
Quality 210
Robustness 320
Similarity function 195
Time lag 193, 196, 317

Synchronous Sisyphus effect 131

Threshold current density 10
Torus attractor 103, 137
Trace 154
Tunable semiconductor laser 270

External cavity lasers 270
Diffraction grating 272

Monolithic lasers 275
Cleaved-coupled cavity laser
Distributed Bragg reflector

lasers 7, 277
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Distributed feedback lasers 7, 279
Y branch laser 275

System applications 290

Unstable Islands 42, 43
Unstable manifold 178

Global 154
Local 154

Vertical cavity 6
Velocity measurement 236

Vertical Cavity Surface Emitting
Laser (VCSEL) 7, 46, 85, 211,
229, 280

Vibration measurement 238
Visibility 101

Weak feedback effects 88, 89,
93, 226

Wavelength division multiplexing 297
Whole-universe mode theory 45












