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Are you ready to embark on a thrilling journey into the world of partial differential
equations (PDEs) and explore the exciting frontiers of applied dynamical
systems? If so, buckle up and get ready for a wild ride as we delve into the
depths of this captivating mathematical field.

Before we dive in, let's define what PDEs are. In mathematics, PDEs are
equations that involve partial derivatives of an unknown function. They are used
to describe a wide range of phenomena across various scientific disciplines, from
fluid dynamics to electromagnetism and even quantum mechanics.

While the study of differential equations is a fascinating discipline in itself, the
dynamics of PDEs takes this field to a whole new level. It involves studying the
behavior of solutions to PDEs over time and space, uncovering intricate patterns
and uncovering the underlying principles of how these systems evolve.
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One of the reasons why PDEs are so captivating is their ability to describe
complex physical phenomena. For example, the famous Navier-Stokes equations
are used to represent the motion of fluids, providing crucial insights into the
behavior of gases and liquids. These equations have been a source of intrigue for
mathematicians and physicists for centuries.

Another aspect that makes the dynamics of PDEs so enthralling is the wide range
of techniques used to analyze and solve them. From analytical methods to
numerical simulations, researchers have developed a rich toolbox to tackle these
intricate equations. This interdisciplinary approach further enhances the
exploration of applied dynamical systems.

One frontier in applied dynamical systems is the study of pattern formation in
PDEs. These patterns emerge as solutions to PDEs and can exhibit stunning
beauty and complexity. From the intricate patterns in turbulent flows to the
elegant structures formed in reaction-diffusion systems, exploring the dynamics of
these patterns is like delving into an artistic masterpiece.

But it's not just about aesthetics. Understanding the dynamics of these patterns is
crucial for a wide range of applications. Whether it's predicting weather patterns,
designing efficient algorithms, or unraveling the mysteries of biological processes,
the study of pattern formation in PDEs plays a vital role in numerous scientific
and technological advancements.
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Another frontier that has gained significant attention is the study of nonlinear
waves in PDEs. Nonlinear waves can emerge as solutions to PDEs and exhibit
fascinating behaviors such as solitons and shock waves. These waves can carry
information and energy across space, and understanding their dynamics is crucial
for fields like telecommunications, quantum mechanics, and even the evolution of
the universe.

Moreover, the dynamics of PDEs also have important applications in fields like
image processing, machine learning, and optimization. The ability to model and
analyze complex systems using PDEs enables us to make predictions, extract
valuable information, and develop efficient algorithms in various domains.

As we continue to push the boundaries of knowledge, the dynamics of PDEs hold
immense promise for further discoveries and advancements. From uncovering
new mathematical principles to addressing real-world challenges, this field
continues to captivate researchers across various disciplines.

So, whether you're an aspiring mathematician, a curious scientist, or simply
someone intrigued by the mysteries of nature, consider diving into the world of
PDEs. Explore the frontiers of applied dynamical systems, and who knows, you
might just uncover the next groundbreaking idea that will revolutionize our
understanding of the universe.
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This book contains two review articles on the dynamics of partial differential
equations that deal with closely related topics but can be read independently.

Wayne reviews recent results on the global dynamics of the two-dimensional
Navier-Stokes equations. This system exhibits stable vortex solutions: the topic of
Wayne's contribution is how solutions that start from arbitrary initial conditions
evolve towards stable vortices. Weinstein considers the dynamics of localized
states in nonlinear Schrodinger and Gross-Pitaevskii equations that describe
many optical and quantum systems. In this contribution, Weinstein reviews recent
bifurcations results of solitary waves, their linear and nonlinear stability properties
and results about radiation damping where waves lose energy through radiation.

The articles, written independently, are combined into one volume to showcase
the tools of dynamical systems theory at work in explaining qualitative
phenomena associated with two classes of partial differential equations with very
different physical origins and mathematical properties.
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