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210 Hilbert C*-modules, E.C. LANCE
211 Groups 93 Galway / St Andrews I, C.M. CAMPBELL et al (eds)
212 Groups 93 Galway / St Andrews II, C.M. CAMPBELL et al (eds)

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521534372 - Discrete and Continuous Nonlinear Schrodinger Systems
M. J. Ablowitz, B. Prinari and A. D. Trubatch
Frontmatter
More information

http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/0521534372


214 Generalised Euler-Jacobi inversion formula and asymptotics beyond all orders, V. KOWALENKO et al
215 Number theory 1992–93, S. DAVID (ed)
216 Stochastic partial differential equations, A. ETHERIDGE (ed)
217 Quadratic forms with applications to algebraic geometry and topology, A. PFISTER
218 Surveys in combinatorics, 1995, PETER ROWLINSON (ed)
220 Algebraic set theory, A. JOYAL & I. MOERDIJK
221 Harmonic approximation, S.J. GARDINER
222 Advances in linear logic, J.-Y. GIRARD, Y. LAFONT & L. REGNIER (eds)
223 Analytic semigroups and semilinear initial boundary value problems, KAZUAKI TAIRA
224 Computability, enumerability, unsolvability, S.B. COOPER, T.A. SLAMAN & S.S. WAINER (eds)
225 A mathematical introduction to string theory, S. ALBEVERIO et al
226 Novikov conjectures, index theorems and rigidity I, S. FERRY, A. RANICKI & J. ROSENBERG (eds)
227 Novikov conjectures, index theorems and rigidity II, S. FERRY, A. RANICKI & J. ROSENBERG (eds)
228 Ergodic theory of Zd actions, M. POLLICOTT & K. SCHMIDT (eds)
229 Ergodicity for infinite dimensional systems, G. DA PRATO & J. ZABCZYK
230 Prolegomena to a middlebrow arithmetic of curves of genus 2, J.W.S. CASSELS & E.V. FLYNN
231 Semigroup theory and its applications, K.H. HOFMANN & M.W. MISLOVE (eds)
232 The descriptive set theory of Polish group actions, H. BECKER & A.S. KECHRIS
233 Finite fields and applications, S. COHEN & H. NIEDERREITER (eds)
234 Introduction to subfactors, V. JONES & V.S. SUNDER
235 Number theory 1993–94, S. DAVID (ed)
236 The James forest, H. FETTER & B. GAMBOA DE BUEN
237 Sieve methods, exponential sums, and their applications in number theory, G.R.H. GREAVES et al
238 Representation theory and algebraic geometry, A. MARTSINKOVSKY & G. TODOROV (eds)
240 Stable groups, FRANK O. WAGNER
241 Surveys in combinatorics, 1997, R.A. BAILEY (ed)
242 Geometric Galois actions I, L. SCHNEPS & P. LOCHAK (eds)
243 Geometric Galois actions II, L. SCHNEPS & P. LOCHAK (eds)
244 Model theory of groups and automorphism groups, D. EVANS (ed)
245 Geometry, combinatorial designs and related structures, J.W.P. HIRSCHFELD et al
246 p-Automorphisms of finite p-groups, E.I. KHUKHRO
247 Analytic number theory, Y. MOTOHASHI (ed)
248 Tame topology and o-minimal structures, LOU VAN DEN DRIES
249 The atlas of finite groups: ten years on, ROBERT CURTIS & ROBERT WILSON (eds)
250 Characters and blocks of finite groups, G. NAVARRO
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Preface

Nonlinear systems are generic in the mathematical representation of physical
phenomena. It is unusual for one to be able to find solutions to most nonlin-
ear equations. However, a certain physically significant subclass of problems
admits deep mathematical structure that further allows one to find classes of
exact solutions. Solitons are a particularly important subclass of such solutions.
Solitons are localized waves that, in an appropriate sense, interact elastically
with each other. They have proved to be extremely interesting to physicists and
engineers due, in part, to their localized and stable nature.
This broad field of study is sometimes called “soliton theory” or “integrable

systems.” This field has witnessed numerous important developments, which
have been studied intensively worldwide over the past 30 years. Some of the
directions that researchers have pursued include the following: direct methods
to find solutions; studies of the underlying analytic structure of the equations;
associated Painlevè-type solutions and relevant generalizations; tests to locate
integrable systems; studies of the underlying geometric structures inherent in
integrable systems; Bäcklund and Darboux transformations, which can be used
to produce new classes of solutions; and so on.
In principle, one would like to be able to solve the general initial-value prob-

lem associated with these special nonlinear soliton systems. Depending on the
boundary conditions under consideration, sometimes this is feasible. More-
over, in some cases, the mathematical representation is constructive, useful,
and indeed elegant. The case for which the Cauchy problem admits a complete
solution and the qualitative properties of the solution are well understood cor-
responds to initial data decaying sufficiently rapidly at infinity. Because of the
constructive and relatively explicit nature of the solution, this case has received
considerable attention. The method of solution is usually referred to as the
inverse scattering transform (IST). The IST applies to many interesting nonlin-
ear soliton systems, including nonlinear partial differential equations in 1 + 1

vii
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viii Preface

(one space–one time) and 2 + 1 (two space–one time) dimensions, nonlin-
ear discrete (difference) evolution equations, and singular integro-differential
equations. A discussion of the IST as it applies to many of these cases can be
found in various monographs (cf. [6]).
Nevertheless, there are particular problems that, because of their wide appli-

cability, deserve special attention. It is the purpose of this book to investigate one
such important set of equations: nonlinear Schrödinger (NLS) systems. NLS
systems in continuous media have been studied heavily since the mid-1960s.
The continuous scalar NLS equation arises in the prototypical situation govern-
ing slowly varyingwaves of small amplitude (cf. [30]). In the early 1970s, it was
shown [91] that the NLS equation governs the long-distance pulse propagation
in optical fibers. In the late 1980s and 1990s, it was discovered [131], [122]
that vector NLS systems govern the propagation of polarized waves in optical
fibers. Today, these NLS equations, with suitable modifications and additional
terms, are used routinely to make predictions about the transmission of infor-
mation in fibers. Without doubt, wave transmission in optical fibers, used for
communication purposes, is an application of critical importance.
In recent years there has developed significant interest in the study of non-

linear waves in media that are governed by nonlinear semi-discrete evolution
systems (discrete in space–continuous time). Once again there is a class of
physically interesting nonlinear systems that includes the so-called discrete
NLS equations. These discrete NLS equations reduce to the continuous NLS
equation when the discretization parameter vanishes.
For certain scalar- and vector-continuous and discrete NLS systems, the IST

method can be applied in an effective and complete way. The initial-value prob-
lem, for given data decaying sufficiently rapidly at infinity, can be linearized
in terms of integral equations. Multisoliton solutions can be obtained in all
cases. This is described in detail in this book. In an appendix we also describe
the IST associated with another class of important discrete equations: the Toda
lattice [165] and the so-called nonlinear ladder network [121], [98]. While the
research literature has many (but not all) of the results obtained here, it requires
researchers to access numerous papers. Early fundamental research onNLS sys-
tems appears in the papers of Zakharov and Shabat [192], who first analyzed
the scalar-continuousNLS equation;Manakov [120], regarding the continuous-
vector NLS equation; and by Ablowitz and Ladik [11, 12], who introduced the
scalar integrable discrete NLS equation. The vector extension of the discrete
NLS system is more recent (cf. [18]). The unified description of these phys-
ically interesting integrable discrete and continuous NLS systems within the
context of the ISTmethodology does not appear anywhere else. One of our mo-
tivations in writing this book was to develop the direct and inverse scattering
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Preface ix

formalism based on the Riemann–Hilbert approach. From a pedagogical point
of view, readers will find that the structure follows the one laid out for the
Korteweg–de Vries equation in the monograph of Ablowitz and Clarkson [6].
Here we have also attempted to include many of the mathematical details, to
make the book suitable for students as well as researchers who wish to study
this topic.
We gratefully acknowledge support for these studies by the National Sci-

ence Foundation, the Air Force Office of Scientific Research, and the Colorado
Commission on Higher Education.
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