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A

Ablowitz—Kaup-Newell-Segur (AKNS)

approach, 338

family, 132, 139, 342

pair, 339, 340
Ablowitz-Ladik model, 483, 506, 511
Adiabatic invariant approach for NLS, 442
Adiabatic perturbation method for NLS, 307
Airy

equation, 51

function, 52
AKNS, see Ablowitz—Kaup—Newell-Segur
Anti-continuum limit, 472, 473

for DNLS, 492
d’Alembert operator, see d’Alembertian
d’Alembert solution, 21, 28, 65
d’Alembertian, 19, 195

Band (spectral), 225

Bi-Hamiltonian for KdV, 301

Bianchi’s theorem, 130

Bogomol’'nyi bounds, 484, 486, 487

Bond-centered, see Intersite-centered

Bose—Einstein condensate (BEC), 250, 263, 269,
362, 397, 417, 430, 438, 443

Bound state, 141, 356, 357

Boussinesq equation, 36, 39, 40, 50, 65, 68-70, 72,

84, 87, 270, 272
improved, 40, 234
linearized, 271
modified improved, 40

Breaking time, 57
Breather
for NLS, 356, 357
for sG, 192, 195, 198, 199, 229, 232, 242
Bright soliton, 252, 258, 259
Burgers equation, 32
inviscid, 90, 521
viscous, 90
Bécklund transform, 126
for DsG, 489
for KdV, 128
for Laplace equation, 126

Carrier (wave), 23

Cauchy’s residue theorem, 208

Cauchy—Riemann conditions, 127, 210

Characteristics, method of, see Method of
characteristics

Chemical potential, 269, 324, 368, 371, 397, 406,
409, 414, 415, 430, 443, 453, 461
cKdV, see Korteweg—de Vries (KdV) equation,
cylindrical
cKP, see Kadomtsev—Petviashvili (KP) equation,
cylindrical
Cnoidal wave, 82, 83, 103, 108, 141, 184, 193, 420
Cole-Hopf transformation, 66, 94
Collapse in NLS, 296, 298, 430
Conformal invariance, 297
Conservation laws
energy (regularized) for NLS, 378
energy for a few degrees of freedom system, 4
energy for KdV, 66, 142
energy for KG, 226
energy for NLS, 306
mass for DNLS, 492
mass for KdV, 64, 165
mass for NLS, 293, 306
momentum for DNLS, 507
momentum for exceptional discretizations, 482
momentum for FPUT, 520
momentum for KdV, 66
momentum for KG, 212, 477
momentum for NLS, 293, 306
Continuity equation, 270
Continuous spectrum, 202, 295, 296, 472, 494
Continuum limit, 193
Cylindrical KdV (cKdV) equation, see
Korteweg—de Vries (KdV) equation,
cylindrical
Cylindrical KP (cKP) equation, see
Kadomtsev—Petviashvili (KP) equation,
cylindrical

Dark (gray) soliton, 258, 262, 263, 267, 305
Davey—Stewartson system, 173

Defocusing nonlinearity (NLS), 35, 251, 258
Degenerate perturbation theory for NLS, 403
Diffusion equation, 26

Direct scattering problem, 142

Discrete ¢* equation, 471

Discrete KG equation, 471

Discrete Laplacian, 45, 236, 323, 494, 518
Discrete NLS (DNLS) equation, 492

Discrete NLS in 2D, 510

Discrete NLS with saturable nonlinearity, 510
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Discrete nonlinear Schrodinger (NLS) equation,
see Nonlinear Schrodinger equation,
discrete

Discrete sG equation, 193, 235, 471

Discrete spectrum, see Point spectrum

Discrete vortex, 504

Discrete wave equation, 11

Dispersion

dispersive equation, 19

Dispersion relation, 12, 18, 200, 232

Dispersive radiation, 53

Dissipation, 25

DNLS, see Nonlinear Schrodinger (NLS)
equation, discrete

Duffing oscillator, 82, 195, 258, 260

Dynamical lattice, 11

Envelope (wave), 23, 34
Ermakov—Pinney (EP) equation, 256
Euler equation, 48, 65, 173, 270, 457, 467
Euler-Lagrange equation, 282, 291, 302
Evans function, 203

Exceptional discretizations, 482—484, 487

F
Faddeev condition, 140
Fermat’s principle, 290
Fermi-Pasta—Ulam—Tsingou (FPUT)
model, 13, 45, 512, 517
paradox, 14, 47
Finite differences, 235, 322, 331
Flaschka variables, 516
Focusing nonlinearity (NLS), 35, 251, 258
Fourier transform method, 21, 52
FPUT, see Fermi—Pasta—Ulam-Tsingou
Fredholm alternative theorem, 158
Frenkel-Kontorova model, 193
Functional derivative, 282, 289

G
Galilean boost for NLS, 263, 268, 303, 304, 319
Galilean invariance
KdV, 108, 109, 140
NLS, 303

Gap (spectral), 225

Gardner equation, 32

Gardner—Greene—Kruskal-Miura scheme, 140

Gel’fand-Levitan—Marchenko (GLM) equation,
139, 147, 349, 351, 358

General (power) nonlinearity in NLS, see
Nonlinear Schrédinger (NLS) equation,
general (power) nonlinearity

Generalized eigenvector, 296

Generating function, 463

Gershgorin’s Theorem, 473

Ginzburg-Landau equation, 221

GLM, see Gel’fand-Levitan-Marchenko (GLM)
equation

GP equation, see Gross—Pitaevskii equation

Granular crystals, 518

Gross—Pitaevskii (GP) equation, 27, 362, 363,
397, 442

Group velocity, 18, 23, 200

Group velocity dispersion, 35, 252

Hamiltonian

for ¢*, 285

for KG, 284

for NLS, 291
Harmonic solution, 127, 169, 228
Healing length for NLS, 455
Hermite differential equation, 114, 464
Hermite-Gauss modes, 369, 399, 412
Hertzian contact force, 518
Heteroclinic, 88, 119, 195, 201, 205, 209
Hirota equation, 343
Hirota method, 515
Homoclinic, 80, 83, 84, 119, 201, 205, 258, 259,

261, 265, 425, 433

Hopf equation, 30, 51, 90, 521

Imaginary time, 27

Instability, 25

Integrability, 64, 112, 124, 132, 135, 173, 217, 301,
340, 342, 414, 415, 417-419, 483, 488,
490, 491, 506, 508, 512, 515, 516

Intersite-centered discrete solution, 472

Intersite-centered kink, 245

Inverse scattering problem, 142

Inviscid Burgers equation, 30, 32

Isospectral flow, 145

Jacobi elliptic functions, 10, 82

Johnson’s equation, see Kadomtsev—Petviashvili
(KP) equation, cylindrical

Jones—Roberts soliton, 438

Jost functions, 345

Kadomtsev—Petviashvili (KP) equation, 33, 68,
75, 166, 172, 432, 437, 438, 440
cylindrical (cKP), 173, 441
KP-I equation, 33, 75, 76, 166, 169, 172, 438,
441
KP-II equation, 33, 75, 166, 169, 172, 177, 182,
441
linear, 33
modified, 172
Kawahara equation, 32
KdV, see Korteweg—de Vries (KdV) equation
KdV-Burgers (KdVB), see Korteweg—de Vries
(KdV) equation, KdV-Burgers
Kelvin waves, 449
Kerr nonlinearity, 38, 251
KG, see Klein—-Gordon (KG) equation
Kink solution
for ¢*, 195
for sG, 193, 195, 201, 203
Klein—Gordon (KG) equation, 38, 39, 193, 288



¢*, 39, 195

linear, 38, 39, 193

modified, 38

sine-Gordon, 39, 193, 284, 344
Korteweg—de Vries (KdV) equation, 31, 47, 50,

70, 72, 77, 343

cylindrical (cKdV), 173, 279

extended, 32

fifth-order, 32

KdV-Burgers (KdVB), 1, 32, 90, 278

linear, 31

modified (mKdV), 32, 128, 140, 301, 343
KP, see Kadomtsev—Petviashvili (KP) equation
Krein signature, 403

L

Lagrange—Charpit equations, 54
Lagrangian

for ¢*, 285

for DNLS, 499

for GP equation, 372

for KG, 284

for NLS, 291
Lagrangian density, 288, 292
Laplace equation, 127, 210
Lax pair, 136

for Ablowitz—Ladik, 506

for AKNS, 339, 340

for DNLS, 506

for KdV, 136, 156

for KP, 174

for NLS, 339

for sG, 489

for Toda lattice, 516, 523

for transport equation, 136
Legendre transform, 283, 292, 512
Light-cone coordinates, 20, 47, 71, 210, 489
Line soliton (from KP), 175

Linear Schrodinger equation, 18, 35, 138, 250, 398

Lorentz invariance, 202, 209, 488

Lorentz transformation, 196, 230

Lump soliton (from KP), 76, 173, 175, 438
Lyapunov—Schmidt condition, 493

M

Madelung transformation, 270, 431, 441, 457, 466

Manakov system, 413-415, 417, 419

Method of characteristics, 19, 54

Miura transformation, 128, 140

Modified KdV, see Korteweg—de Vries (KdV)
equation, modified

Modulational instability, 200, 249, 252, 254, 264,
265, 431, 432, 437

Necking instability, 429

Newton’s method, 27, 236, 324, 325, 334

NLS, see Nonlinear Schréodinger (NLS) equation

Noether’s theorem, 287, 292, 378

Non-polynomial Schrédinger equation, see
Nonlinear Schrédinger (NLS) equation,
non-polynomial

P

S
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Nonlinear dispersion relation, 253
Nonlinear Schrodinger (NLS) equation, 35, 251,
362
2D, 36
derivative, 252
elliptic, 36, 424
general (power) nonlinearity, 264, 296, 337
hyperbolic, 36, 424
non-polynomial, 366, 395
nonlocal nonlinearity, 265
saturable nonlinearity, 265, 278
Nonlocal (power) nonlinearity in NLS, see
Nonlinear Schrodinger (NLS) equation,
nonlocal nonlinearity

Painlévé equation, 112
Peierls—Nabarro potential, 478
Phase shift

for KAV, 63, 78, 79, 85, 153

for KG, 217

for NLS, 314, 358

for Toda lattice, 515
Phase space, 5, 9, 86, 193, 195, 258
Phase velocity, 18, 23, 25, 26, 30
Phi-4 (¢*), see Klein-Gordon (KG) equation, ¢*
Phonon, 225
Phonon band, 225
Phonon gap, 231
Point spectrum, 203, 204, 206, 295
Point-vortex model, 459, 461
Poisson brackets, 285, 508

generalized, 299
Poisson summation formula, 478
Power-law nonlinearity for DNLS, 499
Precession for NLS vortex, 456, 461, 465
Principle of least action, 280
Péschl-Teller potential, 149, 202, 203, 296, 415

Quadrature, 4, 9, 65, 77, 79, 84, 209, 259, 261,
265, 302

Quantum harmonic oscillator (QHO), 365, 368,
398, 403

Quantum pressure, 271, 457

Quasi-linear PDE, 54

Rankine-Hugoniot jump condition, 58, 59, 94

Reduction of order method, 162

Reductive perturbation method, 276

Reflectionless potentials, 149

Refractive index, 251

Regularized short-pulse equation (RSPE), 234

Riemann equation, 30

Riemann problem, 61

Riemann-Hilbert problem (RHP), 139, 358

Runge-Kutta integration method, 120, 241, 242,
331

Salerno model, 508
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Saturable nonlinearity in NLS, see Nonlinear
Schrodinger (NLS) equation, saturable
nonlinearity

Scaling invariance for NLS, 304

Schrédinger (linear) equation, see Linear
Schrédinger (LS) equation

Schrodinger (nonlinear) equation, see Nonlinear
Schrédinger (NLS) equation

Schrodinger operator, 137, 141, 206

Secular term(s), 72, 228, 274

Self-adjoint operator, 137, 141, 159, 167, 202, 206,
294, 495

Self-similar solutions, 110, 111

Separatrix, 9, 10, 103, 194, 258

Shock wave, 30, 54, 56, 57, 61, 91, 93, 97, 100, 104

Sine-Gordon, see Klein-Gordon (KG) equation,
sine-Gordon

Sinh-Gordon equation, 212

Site-centered discrete solution, 472

Site-centered kink, 245

Skew-adjoint operator, 143

Snaking instability, 430, 437, 441

Soliton

bright, see Bright soliton
dark, see Dark soliton

Sound speed, 12, 85, 195, 264, 269-271, 432, 433,
440

Spectral

band, see Band (spectral)
gap, see Gap (spectral)
Spectrum
Continuous, see Continuous spectrum
Discrete, see Point spectrum

Speed of sound, see Sound speed

Stimulated Raman scattering, 105, 278

Strain variables, 69, 513, 518

Sturm comparison theorem, 495

T

Telegraph equation, 25

Third-order dispersion, 252

Thomas—Fermi (TF) approximation, 369, 386,
408, 443

Thomas—Fermi (TF) radius, 370, 461

Toda lattice, 512

Topological charge (for vortex), 438, 454, 504

Transport equation, 18, 19, 29, 54, 55, 136, 143,
228, 521

Twisted mode, 496

U

Ultra-discrete discretizations, 490

\%
Vakhitov—Kolokolov criterion, 501, 502
Vortex for the NLS, 177, 452

W
Water waves, 48
Wave breaking, 56
‘Wave equation, 18, 19, 38, 46, 71, 272, 273, 289,
445
unidirectional, see Transport equation
‘Wavenumber, 17, 29
Wavepacket, 22, 23, 249
‘Wavevector, 33, 175, 186
Weak solution, 58, 60, 61
Weakly nonlinear regime, 226
Weyl’s theorem, 295, 408, 494

Z
Zabusky-Kruskal experiment, 14, 47, 255
Zakharov—Shabat (ZS) system, 339



