


Contents

1BasicConceptsandtheDiscoveryofSolitons1

1.1Alookatlinearandnonlinearsignatures1

1.2Discoveryofthesolitarywave3

1.3Discoveryofthesoliton6

1.4Thesolitonconceptinphysics10

2LinearWavesinElectricalTransmissionLines12

2.1Linearnondispersivewaves12

2.2Sinusoidal-wavecharacteristics15

2.2.1Waveenergydensityandpower18

2.3Thegroup-velocityconcept19

2.4Lineardispersivewaves21

2.4.1Dispersivetransmissionlines21

2.4.2Electricalnetwork23

2.4.3Theweaklydispersivelimit26

2.5Evolutionofawavepacketenvelope27

2.6Dispersion-inducedwavepacketbroadening31

Appendix2A.Generalsolutionfortheenvelopeevolution34

Appendix2B.EvolutionoftheenvelopeofaGaussianwavepacket...35

3SolitonsinNonlinearTransmissionLines37

3.1Nonlinearanddispersionlesstransmissionlines37

3.2Combinedeffectsofdispersionandnonlinearity41

3.3Electricalsolitarywavesandpulsesolitons42

3.4Laboratoryexperimentsonpulsesolitons46

3.4.1Experimentalarrangement46

3.4.2Seriesofexperiments48

3.5Experimentswithapocketversionoftheelectricalnetwork52



3.6Nonlineartransmissionlinesinthemicrowaverange56

Appendix3A.Calculationoftheeffectofnonlinearity

onwavepropagation58

Appendix3B.Derivationofthesolitary-wavesolution60

Appendix3C.DerivationoftheKdVequationanditssolitonsolution62

Appendix3D.Detailsoftheelectronics:

switchdriverandpulsegenerator64

4MoreonTransmission-LineSolitons65

4.1LatticesolitonsintheelectricalTodanetwork65

4.1.1Latticesolitons67

4.2Experimentsonlatticesolitons68

4.2.1Collisionsoftwolatticesolitons

movinginoppositedirections70

4.2.2TheFermi-Pasta-Ulamrecurrencephenomenon70

4.3Periodicwavetrainsintransmissionlines71

4.3.1Thesolitarywavelimitandsinusoidallimit

ofthecnoidalwave72

4.4Modulatedwavesandthenonlineardispersionrelation72

4.5Envelopeandholesolitons74

4.5.1Experimentsonenvelopeandholesolitons76

4.6Modulationalinstability77

4.7Laboratoryexperimentsonmodulationalinstability82

4.7.1Modelequations82

4.7.2Experiments84

4.8Modulationalinstabilityoftwocoupledwaves86

Appendix4A.Periodicwavetrainsolutions88

Appendix4B.TheJacobiellipticfunctions90

4B.1Asymptoticlimits91

4B.2Derivativesandintegrals93

Appendix4C.Envelopeandholesolitonsolutions93

5HydrodynamicSolitons98

5.1Equationsforsurfacewaterwaves98

5.1.1Reducedfluidequations99

5.2Small-amplitudesurfacegravitywaves100



5.3Linearshallow-anddeep-waterwaves103

5.3.1Shallow-waterwaves103

5.3.2Deep-waterwaves104

5.4Surface-tensioneffects:capillarywaves105

5.5Solitonsinshallowwater107

5.6Experimentsonsolitonsinshallowwater110

5.6.1Experimentalarrangement111

5.6.2Experiments111

5.7Stokeswavesandsolitonwavepacketsindeepwater115

5.7.1Stokeswaves115

5.7.2Solitonwavepackets116

5.7.3Experimentsonsolitonsindeepwater117

5.8Experimentsonmodulationalinstabilityindeepwater118

Appendix5A.Basicequationsoffluidmechanics121

5A.1Conservationofmass121

5A.2Conservationofmomentum123

5A.3Conservationofentropy124

Appendix5B.Basicdefinitionsandapproximations124

5B.1Streamline124

5B.2Irrotationalandincompressibleflow125

5B.3Two-dimensionalflow:thestreamfunction126

5B.4Boundaryconditions128

5B.5Surfacetension129

Appendix5C.DerivationoftheKdVequation:

theperturbativeapproach130

Appendix5D.Derivationofthenonlineardispersionrelation133

Appendix5E.Detailsoftheprobesandtheelectronics136

6MechanicalSolitons137

6.1Anexperimentalmechanicaltransmisssionline137

6.1.1Generaldescriptionoftheline137

6.1.2Constructionoftheline139

6.2Mechanicalkinksolitons139

6.2.1Linearwavesinthelow-amplitudelimit140

6.2.2Largeamplitudewaves:kinksolitons141

6.2.3Lorentzcontractionofthekinksolitons143



6.3Particlepropertiesofthekinksolitons145

6.4Kink-kinkandkink-antikinkcollisions146

6.5Breathersolitons148

6.6Experimentsonkinksandbreathers150

6.7Helicalwaves,orkinkarray151

6.8Dissipativeeffects153

6.9Envelopesolitons155

6.10Pocketversionofthependulumchain,latticeeffects157

Appendix6A.Kinksolitonandantikinksolitonsolutions159

Appendix6B.Calculationoftheenergy

andthemassofakinksoliton160

Appendix6C.Solutionsforkink-kinkand

kink-antikinkcollisions,andbreathers161

6C.1Kinksolutions163

6C.2Kink-kinkcollisions163

6C.3Breathersolitons164

6C.4Kink-antikinkcollision165

Appendix6D.Solutionsforhelicalwaves166

7FluxonsinJosephsonTransmissionLines.168

7.1TheJosephsoneffectinashortjunction168

7.1.1ThesmallJosephsonjunction169

7.2ThelongJosephsonjunctionasatransmissionline171

7.3Dissipativeeffects175

7.4Experimentalobservationsoffluxons177

7.4.1Indirectobservation177

7.4.2Directobservation178

7.4.3Latticeeffects180

Appendix7A.Josephsonequations180

8SolitonsinOpticalFibers182

8.1Optical-fibercharacteristics182

8.1.1Lineardispersiveeffects183

8.1.2Nonlineareffects185

8.1.3Effectoflosses186

8.2Wave-envelopepropagation187



8.3Brightanddarksolitons189

8.3.1Brightsolitons190

8.3.2Darksolitons192

8.4Experimentsonopticalsolitons193

8.5Perturbationsandsolitoncommunications195

8.5.1Effectoflosses195

8.5.2Solitoncommunications196

8.6Modulationalinstabilityofcoupledwaves197

8.7Alookatquantumopticalsolitons198

Appendix8A.Electromagneticequationsinanonlinearmedium199

9TheSolitonConceptinLatticeDynamics202

9.1Theone-dimensionallatticeinthecontinuumapproximation202

9.2Thequasi-continuumapproximationforthemonatomiclattice....207

9.3TheTodalattice209

9.4Envelopesolitonsandlocalizedmodes210

9.5Theone-dimensionallatticewithtransversenonlinearmodes....212

9.6Motionofdislocationsinaone-dimensionalcrystal215

9.7Theone-dimensionallatticemodel

forstructuralphasetransitions216

9.7.1Theorder-disordertransition218

9.7.2Thedisplacivetransition219

Appendix9A.Solutionsfortransversedisplacements221

Appendix9B.Kinksolitonordomain-wallsolutions223

10ALookatSomeRemarkableMathematicalTechniques225

10.1Laxequationsandtheinversescatteringtransformmethod225

10.1.1TheFourier-transformmethodforlinearequations226

10.1.2TheLaxpairfornonlinearevolutionequations227

10.2TheKdVequationandthespectralproblem229

10.3Timeevolutionofthescatteringdata230

10.3.1Discreteeigenvalues230

10.3.2Continuousspectrum232

10.4Theinversescatteringproblem233

10.4.1Discretespectrumonly:solitonsolution234

10.5ResponseoftheKdVmodeltoaninitialdisturbance236



10.5.1Thedeltafunctionpotential236

10.5.2Therectangularpotentialwell237

10.5.3Thesech-squaredpotentialwell237

10.6TheinversescatteringtransformfortheNLSequation238

10.7TheHirotamethodfortheKdVequation239

10.8TheHirotamethodfortheNLSequation243

References247

SubjectIndex259




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

