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Abstract

This thesis, the property of Bragg solitons propagating in nonlinear
periodic structures, studies the properties and potential applications of
nonlinear waves in periodic structures. In the past few years, as the rapid
development in photoengraving, the interactions of nonlinear periodic
structures with optical waves or microwaves have drawn much attention.
Nonlinear periodic media exhibit many useful and interesting features
that can be explored for the design of novel optical devices such as
optical switches and logic gates. Continued interest in gap solitons and
related phenomena is driven by both fundamental and practical
considerations.

In this paper, we theoretically investigate the properties of
electromagnetic waves propagating in a one-dimensional unlimited
nonlinear periodic structures, including stationary and dynamic
properties of the waves.

The paper is organized as follows:

(1) Nonlinear coupled-mode equations governing the propagating
waves in the nonlinear periodic structures are obtained. (a) With the
coupled-mode theory we got nonlinear coupled-mode equations. (b) In
the linear limit, the dispersion relation of the linear periodic structure is
obtained and discussed, and the analytical expression of group
velocity is presented. It is shown that when the wave frequency is
detuned from the Bragg frequency of the structure, the velocity of the
waves increase. While at the two edges of the stop band, the velocity
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decreases to zero. We found that the signs of the group velocities of the
waves are opposite in the two edges of the stop band, and the group
velocity dispersion is greater than the material dispersion in the
structure.

(2) Stationary properties of nonlinear waves in periodic structures
are investigated. (a) The reflection spectra of the finite linear periodic
structure was obtained. The bigger the coupling coefficient is, the
stronger the reflection is. (b) The qualitative description of stationary
properties in the nonlinear periodic structures is presented. It is found
that, as the input intensity increases, the reflection-band peak grows and
shifts towards the longer wavelength. If the reflection band shifts
towards the wavelength of the incident radiation, a limiting output effect
will develop. And the bistability can be achieved when the radiation
wavelength is on the short wavelength side of the reflection band. (c)
The stationary solutions to the nonlinear coupled-mode equations are
obtained. From the results, we found that the bistable output is depend
on coupling coefficient, nonlinear coefficient and the length of the
periodic structure.

(3) Aspects of the dynamics of nonlinear waves in periodic
structures are studied. (a) We found an analytical solution to the
nonlinear coupled-mode equations. The solutions describe the solitary
or soliton-like waves. In the Bragg resonance limit, the field profile -
becomes a soliton. (b) The dispersion relation of the wave in the
nonlinear periodic structures are analyzed. It is found that the stop band
width would decrease due to the nonlinearity. The waves, whose
frequency are within the stop band, would propagate at very slow but
not zero velocity, and therefore can be called slow Bragg soliton. (c)
The frequency shift characteristics of nonlinear waves are analyzed. The
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frequency of the forward and backward waves would shift downwards
and upwards due to the nonlinearity of the material, and the amount of
the shifting depends on the detuning parameter and incident power. The
closer of the wave frequency to the edge of the stop band, the larger the
shifting amount is.

(4) The valid conditions for nonlinear coupled-mode equations and
nonlinear Schrédinger equation respectively describing the waves
properties are studied. (a) The nonlinear Schrédinger equation derived
with the multiple scales method in the limit of slow amplitude variation
is basically, the same, in form, as the normal nonlinear Schrédinger
equation. The soliton propagation characteristics strongly depend on the
periodic structure. The formation mechanism is the same as that of the
ordinary optical soliton, and the periodic structure produces structure
dispersion which is much larger than the material dispersion. (b)
Studying the difference between the multiple scales method and
coupled-mode method. In the approach of multiple scales, the
nonlinearity is treated as a small perturbation, the periodic modulation
effect is described by Block functions selected. This method is valid
when the frequency of the wave is close to the edge of the stop band.
While in couple-mode theory, both modulation and nonlinearity are
considered as small perturbation and valid for the case that when the
modulation of the structure is small, for ordinary periodical waveguide
this condition is generally satisfied. To some extend, the coupled-mode
equations are useful basic equations for describing wave behavior in
periodic structures.

Key words  coupled-mode theory, nonlinearity, soliton, gap soliton, Bragg

soliton
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