
Preface

Piezoelectric or, more generally, electroelastic materials, exhibit electrome-
chanical coupling. They experience mechanical deformations when placed in
an electric field and become electrically polarized under mechanical loads.
These materials have been used to make various electromechanical devices.
Examples include transducers for converting electric energy to mechanical
energy or vice versa, resonators and filters for telecommunication and time-
keeping, and sensors for information collection.

Piezoelectricity has been a steadily growing field for more than a century,
progressed mainly by researchers from applied physics, acoustics, materi-
als science and engineering, and electrical engineering. After World War II,
piezoelectricity research has gradually concentrated in the IEEE Society of
Ultrasonics, Ferroelectrics, and Frequency Control. The two major research
focuses have always been the development of new piezoelectric materials and
devices. All piezoelectric devices for applications in the electronics industry
require two phases of design. One aspect is the device operation principle
and optimal operation which can usually be established from linear analy-
ses; the other is the device operation stability against environmental effects
such as a temperature change or stress, which is usually involved with non-
linearity. Both facets of design usually present complicated electromechanical
problems.

Due to the application of piezoelectric sensors and actuators in civil,
mechanical, and aerospace engineering structures for control purposes, piezo-
electricity has also become a topic for mechanics researchers. Mechanics can
provide effective tools for piezoelectric device and material modeling. For
example, the finite element and boundary element methods for numerical
analysis and the one- and two-dimensional theories of piezoelectric beams,
plates, and shells are effective tools for the design and optimization of piezo-
electric devices. Mechanics theories of composites are useful for predicting
material behaviors.

In spite of the wide and growing applications of piezoelectric devices, books
published on the topic of piezoelectricity are relatively few. Following the
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editor’s previous book, An Introduction to the Theory of Piezoelectricity,
Springer c©2005, this book addresses more advanced topics that require a
collective effort. Each self-contained chapter has been written by a group of
international experts and includes quite a few advanced topics in the theory
of piezoelectricity. Each chapter attempts to present a basic picture of the
subject area addressed.

Piezoelectricity is a broad field and, practically speaking, this volume
can only cover a fraction of the many relatively advanced topics. Following
a brief summary of the three-dimensional theory of linear piezoelectricity,
Chapters 2 through 5 discuss selected topics within the linear theory. The
linear theory of piezoelectricity assumes a reference state free of deformations
and fields. When initial deformations and/or fields are present, the theory for
small incremental fields superimposed on a bias is needed, which is the subject
of Chapter 6. The theory for incremental fields needs to be obtained from the
fully nonlinear theory by linearization about an initial state, and, therefore,
is a subject that is inherently nonlinear. Chapter 7 covers the fully dynamic
effects due to electromagnetic coupling. Chapter 8 addresses nonlocal and
gradient effects of electric field variables.

I would like to take this opportunity to thank all chapter contributors.
My thanks also go to Patricia A. Worster and Ziguang Chen of the College of
Engineering at the University of Nebraska-Lincoln for their editing assistance
on Chapters 1, 7, and 8.
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