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Abstract

Solitary wave. which is a special coherent structures. describes
a kind of stable nature wave phenomena. In this dissertation. the
exact solutions of the 2 + 1-dimensional (two spatial-dimensions
and one time dimension) nonlinear wave modeis (equations) which
originate from pra'(‘tical water wave and other physical problems
are investigated by means of symbolic computation and the more
abundant localized and non-localized coherent structures in 2 + 1-
dimensional nonlinear wave models are revealed as well as the rich
interaction properties for these structures are discussed.

Part I is devoted to investigate exact solutions of 2 + 1-dimen-
sional nonlinear wave equations.

(1) The Hirota bilinear method is improved and investigated
several 2 + 1 dimensional nonlinear wave models, such as 2 + 1-
dimen-sional Schrodinger equation, 2+ 1-dimensional Maccari equa-
tion and 2 + 1-dimensional breaking soliton equation, the general-
ized dromion structures with arbitrary functions are obtained and
some characteristics are found:

(2) The variable separation method is established to deal with

2 + 1-dimensional nonlinear wave models. The Painlevé truncated

STV
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expansion approach and homogenous balance approach are em-
ployed respectively to explore the variables separation solution of
2 + 1-dimensional nonlinear wave models, such as 2 4+ 1-dimensional
Nizhnik-Novikov-Veselov equation, 2+ 1-dimensional dispersive long
wave equation, 2+ l-dimensional resonant interaction between long
and short wave equation. 2 + l-dimensional long dispersive wave
equation, 2 + l-dimensional generalized Nizhnik-Novikov-Veselov
equation, and a quite “universal” variable separation solution for-
mula with several arbitrary function which is valid for a large classes
of 2 + 1- dimensional nonlinear wave models is obtained:

(3) The direct algebraic methods are generalized to solving
2 + 1-dimensional nonlinear wave models. The Jacobi elliptic func-
tion method and formal mapping method are introduced and dis-
cussed respectively and several class of 2 + 1-dimensional nonlinear
wave models , such as 2 4+ 1-dimensional breaking soliton equa-
tion, 2+ 1-dimensional resonant interaction between long and short
wave equation, 2 + l-dimensional Nizhnik-Novikov-Veselov equa-
tion. 2 + 1-dimensional Burgers equation, 2 + 1-dimensional Wu-
Zhang equation, 2 + l-dimensional Schrédinger equation, 2 + 1-
dimensional Bou-ssinesq equation are studied by making use of
Maple and mathematica. Their doubly periodic wave structures
and line superposition periodic solutions of Jacobi elliptic func-
tions which will change in their amplitudes, shapes and period are

obtained.
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PartlI is devoted to reveal the abundant coherent structures
and interaction properties contained in 2 + l-dimensional nonlin-
ear wave equations. From the "universalvariable separation so-
lution of 2 + 1-dimensional nonlinear wave models and by intro-
ducing suitably these arbitrary functions, we constructed the con-
sid¢rable abundant coherent structures, including multi-line soli-
tary wave solutions, multi-lump solutions, multi-solitoff solutions,
multi-dromion solutions, multi-compacton solutions, multi-peakon
solutions. multi-foldon solutions, lattice dromiln solutions, oscil-
lating dromion solutions, ring-soliton solutions, motive and static
breather solutions, instanton solutions, doubly periodic wave solu-
tions, chaos pattern structures, fractal pattern structures and so on.
The development of computer algebra and the application of Maple
and Mathematica improve our study and enhance efficiency greatly.
Based on the plots and mathematical analysis. we explored all this
exotic coherent structures. Dromions are localized solutions decay-
ing exponentially in all directions, which can be driven not only by
straight line solitons but also by curved line solitons and can be lo-
cated not only at the cross points of the lines but also at the closed
points of the curves. The solitoff solution decays exponentially in
all directions except for a preferred one, two straight line soliton
become only one half straight line soliton because of the resonance
effect. The dromion lattice is a special type of multi-dromion solu-

tions. The oscillating dromion solutions is a dromion oscillating in

<« VI -
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spatial dimensional direction. The lumps and ring soliton solutions
are not the point-like localized excitations, and ring soliton solu-
tions are not equal to zero identically at some closed curves and de-
cay exponentially away from the closed curves. The breathers may
breath in their amplitudes, shapes, distances among the peaks and
even the number of the peaks. The amplitude(s) of the instanton
will change together with the time. Peakon has a peak point at wave
peak in which one order derivative is not continuous. Compacton
with finite wavelength is a class of solitary wave with compact sup-
port. Foldon is a class of solitary wave with multi valued which
can be folded not only in one direction but also in two directions.
The periodic solitons show periodic characteristic in space. The
doubly periodic wave pattern structures display periodic change
in two space direction. The chaotic pattern structures and fractal
pattern structures reveal chaotic and fractal characteristic in soli-
tary wave. We also investigated the interaction behaviors between
(among) various kinds of 2 + 1-dimensional coherent structures and
found their interaction properties can be elastic, non-elastic or com-
pletely non-elastic. 2 + 1-dimensional coherent structures are not
only more abundant characteristic than 1+ 1-dimensions cases, but

also possess fission, fusion, growing and decaying phenomenon.

Keywords: Nonlinear. coherent structure. interaction
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