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Foreword

Optical fiber waveguides provide very rich me-
dia for research and applications in modern
optics because of the combination of small
(group) dispersion and matching nonlinear-
ity coupled with impressively small dissipa-
tion. Light waves in fiber waveguides propa-
gate three-dimensionally but the energy or in-
formation represented by the envelope of the Dr. Akira Hasegawa wearing
light waves propagates one-dimensionally in the h‘ft Sefﬁf b%/ Dr. V. N. Serkin
the direction of the fiber. Thus the dynami- for his 80° birthday.

cal evolution of information in fiber waveguides can be treated in one space
dimension and time coordinates. The evolution equation including cubic non-
linearity and group dispersion (without loss), called the nonlinear Schrodinger
equation, is integrable and the characteristic solution is given by (optical) soli-
tons. In the more than 40 years since the discovery of optical solitons in fibers
by Hasegawa and Tappert, impressive progress has been made both in the-
ory and applications of solitons and related phenomena, much of which is
summarized in this book.

The primary nonlinear response in fibers is the (electronic) Kerr effect,
which increases the index of refraction with instantaneous response. However,
its effect is very small; it induces a change in the dielectric constant on the or-
der of 10722 (V/m)?, resulting in an increase of the index of refraction on the
order of 10712 for a lightwave with a power of 1 mW. Because the effect is so
small, few people noticed the importance of this nonlinear effect. However, it
should be recognized that this small change in the index of refraction appears
in every wavelength of propagation, which is about 107® m. Thus it begins
to become significant for a practical distance of propagation of a few kilome-
ters even for a lightwave with a milliwatt level of power. Coupled with this,
fiber (group) dispersion has been reduced and combined effects of nonlinearity
and dispersion have become comparable. Furthermore, development of optical
amplifiers has made fiber waveguides practically lossless. Thus the nonlinear
Schrodinger equation is now regarded as the master equation for transmission
of information in fiber waveguides. Since the nonlinear Schrodinger equation
is integrable based on the inverse scattering transform of Zakharov and Sha-
bat, information carried in nonlinear and dispersive optical fibers is robust
like Fourier modes in linear systems. In a linear transmission system, the
output signal in Fourier space is given by the product of the Fourier trans-
form of the input signal and of the transfer function; thus the input signal
can be precisely recovered by inverse Fourier transformation of the product.
The integrability of the nonlinear Schrodinger equation in principle warrants
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the same procedure and all the information should be recoverable, even when
the transmission system is nonlinear, where Fourier information is destroyed.
More concretely, the complex eigenvalues (both amplitude and phase) in the
inverse scattering transform are preserved in the transmission, like Fourier
components in a linear system, and thus should in principle be recoverable
with proper reverse transformation of the output signal. In this regard coher-
ent transmission is possible in nonlinear optical fiber; namely, using a soliton
for one bit of information, although it is robust, is a waste of the channel ca-
pacity. Only recently this fact began to be recognized and used for ultra-high
speed transmission. This will truly open a new era of nonlinear communica-
tion systems where the Fourier transform becomes irrelevant. In this regard,
the soliton-based transmission concept in optical waveguides has just begun
its new paradigm.

Soliton-related phenomena in optical fiber waveguides have wide applica-
tions, including modulational instability, pulse compression and generation
of a continuous spectrum and the like. New theoretical developments of in-
tegrability of the modified nonlinear Schrodinger equation, including nonau-
tonomous cases by Serkin et al.,* have opened up a new paradigm of the soliton
concept to nonlinear quantum field theory in addition to a new information
transfer concept. In this respect, the soliton concept in fiber waveguides is
still on the way to full blossom.

Dr. Akira Hasegawa
Professor Emeritus
Osaka University Suita, Osaka, Japan

"V. N. Serkin, A. Hasegawa, and T. L. Belyaeva. Phys. Rev. Lett. 85 (2007)



Preface

Optical fiber technology has emerged as one of the prominent technologies
of the century as it encompasses a wide range of applications—from medical
optics to all optical information processing. Extensive research carried out
in the field of optical fiber communications has revolutionized the fiber op-
tic industry by paving the way for the discovery of new laser materials and
optical fibers with new designs and configurations. In particular, after the
invention of lasers, the role of nonlinear optical effects and their applications
in different nonlinear materials have been extensively used by the scientific
community as well as industry. Among different nonlinear materials, optical
fiber is a widely used medium for many important applications, including
ultra-high-speed communication networks, pulse compression, erbium-doped
fiber amplifiers, etc. Further, the study of optical solitons in nonlinear mate-
rials has also attracted a lot of attention due to its potential applications in
many branches of science and technology, including the generation of super-
continuum sources through soliton fission and modulational instability. The
previously mentioned ventures, in turn, have opened the door to new technical
possibilities and exploration of new opportunities for the commercialization
of fiber optic deliverables. As an example, appropriate dispersion engineering
of highly nonlinear photonic crystal fibers has resulted in the development
of a special class of dispersion compensating fibers that exhibit interesting
phenomena such as supercontinuum generation. As the supercontinuum light
source is characterized by its ability to provide ultra-wide band and high
coherence, its applications have spread over a wide range of fields, encom-
passing telecommunication, medical imaging, spectroscopy, optical frequency
metrology, gas sensors, etc.

Conventional silica core photonic crystal fibers are the best contenders for
telecom applications as the carrier wavelength can be shifted to 1.55 microm-
eters where loss is at a minimum. Some important applications, such as in-
dustrial welding, surgery, sensing, etc., demand higher operating wavelengths.
In these cases, photonic crystal fibers having core materials that provide min-
imum losses at higher operating wavelengths are usually preferred. This has
opened the gateway to study the performance of potential core materials such
as chalcogenide glasses, heavy metal fluoride glasses, polycrystalline materials,
etc., in order to explore the possibilities of obtaining optimal higher operating
wavelengths. Special classes of photonic crystal fibers that have hollow cores
are most sought for potential applications in the fields of medicine, telecommu-
nication, gas cells, remote sensing, etc., as they provide much smaller absorp-
tion, nonlinearity, and material dispersion than their solid-core counterparts.
Due to the high performance characteristics of hollow-core photonic band gap
fibers, a plethora of opportunities have been opened up for minimally invasive
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laser surgery. Other than the conventional microhole photonic crystal fibers,
macrohole microstructured fibers, whose air holes or other cladding struc-
tures that extend in the axial direction have been studied extensively as they
can be manufactured easily, thereby leading to cost-sensitive applications. No
wonder that multinational companies such as Alcatel-Lucent, ATT, etc., have
invested heavily in optical fiber technology. This calls for a conglomeration of
the core concepts and applications of nonlinear optical fiber technology where
the unique optical properties, ranging from optical solitons to optical rogue
waves, are contemplated, thereby acting as a tribute to the odyssey of light.
This is a collection of breakthrough research work that portrays the odyssey
of light from optical solitons to optical rogue waves in nonlinear optical fibers,
exploring the very frontiers of light-wave technology. Furthermore, this book
also provides a simple yet holistic view on the theoretical and application-
oriented aspects of light, with special focus on the underlying nonlinear phe-
nomena. The reader is exposed to some of the latest advances in nonlinear
optical fiber technology, ranging from optical solitons to optical rogue waves.
In a nutshell, the contents of this book are as follows: The basics of non-
linear fiber optics are discussed at length in Chapter 1. In Chapter 2, the
dynamics of electromagnetic pulse propagation in nonlinear waveguides are
discussed in detail. Employing the coupled mode dynamics approach, non-
linear propagation in various continuous and discrete systems encompassing
parity-time optical coupled systems, binary arrays, dual-core photonic crystal
fiber and fiber amplifiers are discussed in detail in Chapter 3. The possibil-
ity of the existence of Ablowitz—Ladik rogue wave hierarchies is investigated
at length in Chapter 4. In Chapter 5, a detailed theoretical study on mod-
ulational instability in relaxing saturable nonlinear optical media is carried
out. The conditions for the occurrence of various types of modulational in-
stabilities in two twin-core fibers that are governed by coupling coefficient
dispersion are discussed in Chapter 6. By employing the generalized non-
isospectral Ablowitz—Kaup—Newell-Segur (AKNS) hierarchies, the nonlinear
dynamics of solitons in various nonautonomous nonlinear and dispersive phys-
ical systems, whose properties are completely determined by hidden symme-
try parameters, are studied extensively in Chapter 7. Various types of soliton
propagation nonlinear fiber optics that encompass isothermic-, hypothermic-,
hyperthermic- and hybrid solitons are discussed in detail in Chapter 8. In
Chapter 9, a compact review of theoretical results that throw light on the
prediction of a generic method in supporting stable spatial solitons in dissi-
pative optical media is carried out. The frontiers of mode locking using fiber
lasers are explored in detail in Chapter 10, mainly aided by the development
of advanced statistical tools on one hand and the technological improvements
of the characterization methods and devices on the other hand. An extensive
study on matter wave solitons and other localized excitations pertaining to
Bose-Einstein condensates in atom optics is carried out in Chapter 11. An
in-depth study based on symmetric soliton propagation in nonlocal nonlinear
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media where pertaining to linear Gaussian and periodic potentials is car-
ried out in Chapter 12. The theoretical and experimental procedures for the
generation of dual radiation in suspended photonic crystal fibers are studied
extensively in Chapter 13. In Chapter 14, the theory and the experiment of
parabolic similariton propagation in nonlinear optical fibers and their subse-
quent applications that encompass pulse amplification, coherent continuum
for optical communications, ultrafast all-optical signal processing and spec-
tral compression are studied extensively. Chapter 15 discusses the theoretical
concepts, experimental techniques, and applications of Brillouin scattering.
Various aspects of nonlinear effects and their ensuing propagation occurring
in optical metamaterials owing to forward and backward wave interactions are
discussed in detail in Chapter 16. Backpropagation, an effective technique to
compensate for deterministic dispersive and nonlinear effects in optical fibers,
is discussed in detail in Chapter 17. Chapter 18 dwells on the concept of eigen-
value communication, a powerful nonlinear digital signal processing technique
that paves the way to overcome current limitations of traditional communi-
cations methods in nonlinear fiber channels. The feasibility of the eigenvalue
demodulation scheme based on digital coherent technology by throwing light
on the experimental study of the noise tolerance of the demodulated eigenval-
ues is the subject of Chapter 19. Finally, Chapter 20 discusses in an extensive
manner the various quantum field theory analogue effects occurring in binary
waveguide arrays, plasmonic arrays, etc., and their ensuing nonlinear wave
propagation.

We hope that this book serves as a commemoration of the International
Year of Light (2015).

Kuppuswamy Porsezian
Ramanathan Ganapathy
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