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Robert E. Newnham (1929 — 2009) was a late Alcoa Professor of
Solid State Science Emeritus in the Materials Research Laboratory at
The Pennsylvania State University. He pioneered the development of
composite piezoelectric transducers, and his work in ferroelectric
materials is known worldwide. A member of the US National
Academy of Engineering and the International Academy of Ceramics
and an honorary lifetime member of the American Ceramic Society,
he has written or co-written more than 500 research papers, 5 books,
and 20 patents, several tens awards for his academic or educational
contributions. In the early Fifties, Newnham was granted a B. S. of
Mathematics from the Hartwick College at Oneonta, N. Y., and a M.S.
in physics from Colorado A&M College (now known as Colorado State
University) at Ft Collins. He received a Ph. D. in physics from the
Pennsylvania State University in 1956 and a Ph. D. in crystallography
from Cambridge University in 1960. Prior to joining the Penn State
faculty in 1966, he worked at the Cavendish Laboratory of Cambridge
University and taught in the Electrical Engineering Department of
MIT for 10 years.
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Yao Xi was born in Suzhou, Jiangsu, China, in 1935. He
graduated from the department of electrical engineering, Jiaotong
University in 1957,and received his Ph.D. of solid state science from
the Pennsylvania State University in 1982. He has been a professor of
Xi’ an Jiaotong University since 1984. Dr. Yao was elected as an
Academician in the first election of the World Academy of Ceramics in
1989. He was also clected as a Member of the Chinese Academy of
Sciences in 1991 and a Fellow of the American Ceramic Society in
2002. In 2007, Prof. Yao was elected to be Foreign Associate of the
US National Academy of Engineering for his “contributions to the
science and engineering innovations for electroceramics”.
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Preface to
the Classic Dielectric Science
Book Series

Fifty years ago, I was sitting in a class at Jiaotong University
in Shanghai, China taking a course called “DIELECTRIC
PHYSICS” lectured by the late Professor Chen Jidan. I was
one of the thirty students sitting in his class taking the course.
This was the first time DIELECTRIC study was introduced to
Chinese Universities. Since then, dielectric study became one
of the major concerns of the science and technology
community of China in developing its electrical and electronic
engineering. Fifty years past, thousands of students, graduate
students, professors, scientists and engineers have been
engaged in the studies and applications of dielectrics in this
country. In the past fifty years, the Xi’an Jiaotong
University, Shanghai Jiaotong University, Electronic Science
and  Technological  University, Shandong University,
Zhongshan University, Sichuan University, Nanjing
University, Tongji University and the Shanghai Institute of
Ceramics, the Beijing Institute of Physics of the Chinese
Academy of Sciences were heavily involved in dielectric
studies and gave their various contributions to the
development of dielectric study in China. Now, China is
probably one of the most important countries in dielectric
studies among the list of the ex Soviet Union and the United
Kingdom. Late Professor Chen was the pioneer and founder
of DIELECTRIC studies in China. The staidness, sureness
and solemnness of his academic attitude are the invaluable
treasure of the Chinese dielectric community. I would like to
take the chance of writing this preface to pay my sincere
respect to the late Professor Chen.

However, as a branch of solid state science, the




viii Preface to Series

advancement of dielectric science is not well satisfied as
widely expected. Our basic understanding on the electro-
physical process within real dielectrics beyond the classical
electro-magnetic theory is still rather poor. For example, the
way how the charge assemblies respond to the external stimuli
of clectric field and the way of the communication and
interaction among charge assemblies in real dielectrics are yet
to be explored. Our understanding on local field, defects,
inhomogeneous, space charges in real dielectric materials is to
be profounded. As to the structure-property relationship of
dielectric materials is still rather superficial. We are still
struggling on how to calculate the dielectric constants of
alkali-halogen crystals, water and other high dielectric
constant materials. In contrast with other fields of solid state
science such as metal, semiconductor and magnetics,
dielectrics are probably the worst understood arena of solid
state materials. The current status of dielectric science is not
satisfied at all. Big efforts should be taken to catch up with
the development of modern science and technology in this 21st
century.

China is probably the country having the largest
community of dielectric study in the world. Many of the old
generation have devoted their career life focused on dielectrics
in the past several decades. Next generation of dielectric study
is now getting more mature and stronger. They have got
better training and better working condition than their old
generation. The Chinese dielectric community should be able
to render more contribution to the advancement of dielectric
science. However, dielectric science is now not yet in the
main stream of solid state science. Many of the important
publications were published twenty to sixty years ago in English.
The first published book by P. Debye, Polar Molecules, was
published in 1928. These important classics are not easily
available to young scholars nowadays. To promote the
dielectric studies in China, Electronic Materials Research
Laboratory - at Xi’ an Jiaotong University proposed a
publication project to introduce the most important classical
publications on dielectrics from abroad and publish them in
China, subjected to the consent of their original publishers. I
am very pleased that the Xi’an Jiaotong University Press
(XJTU Press) kindly agrees to support the publication project
of Classical Dielectric Science Book Series (CDSBS). We will
carefully select the subjects and topics based on our best
knowledge and judgment to keep the CDSBS including all the



important and useful publications, while still keeping it
concise. Needless to say, due to the restriction of our
knowledge and information, there might be pretermissions in
searching and collection. Any suggestion and recommendation
from the reader of the series would be highly appreciated.

I would like to take the chance to thank the Chinese
publisher, the Xi’an Jiaotong University Press, for their kind
support of the project and their far sighted vision in
promoting academic excellence, as well as the original
publishers, such as the Oxford University Press and etc. for
their generous consideration to permit the publication of their
books in China. Highest esteem will be dedicated to the
authors of the books. We may not be able to give our thanks
to them individually. We gratitude them and hope them happy
and healthy. I would also acknowledge Dr. Wei Xiaoyong and
Dr. Xu Zhuo as well as the editors of the book series Ms Zhao
Liping and Mr. He Fengtao for their enthusiastic and hard
works to promote the CDSBS project being realized.

Yao Xi

Electronic Materials Research Laboratory,
Xi’an Jiaotong University
April 20, 2006
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Preface

This book is about anisotropy and structure—property relationships. Tensors
and matrices provide the mathematical framework, and symmetry is helpful in
determining which coefficients are absent, and which must be equal, but they say
nothing about the sizes of the property coefficients. Magnitudes depend more
on atomistic arguments. I have tried to point out some of the crystallochem-
ical parameters (such as bond lengths, coordination numbers, and electronic
structure) that correlate with property coefficients. These relationships provide
a qualitative understanding of the molecular mechanisms which underlie the
choice of materials for various engineering applications.

The book contains 32 chapters and about 370 pages. It covers a wide range of
topics and is suitable as an introduction to the physical properties of materials.
The use of tensors and matrices provides a common theme which ties the topics
together. I have taught the course at the advanced undergraduate level and to
beginning graduate students. Instructors can select topics for a one semester
course or use the entire book for a two-semester course.

The only prerequisites for the course are college-level physics and chemistry.
Such courses are commonly offered during the first year or two at American
universities. No special training in tensor or matrix algebra is required, but
knowledge of basic crystallography is helpful.

In teaching the course and in writing the book, I had the following questions
in mind.

How do physical properties depend on direction?

How are these properties described mathematically, and what do the geometric
representations look like?

How do matrix representations differ from the tensor descriptions?

How do polar tensor properties differ from axial tensor properties? And what
determines the tensor rank?

How are the property coefficients measured and how are they influenced by
measurement conditions such as temperature, frequency, pressure, and extemal
fields?

How does symmetry influence the physical properties?

Which coefficients are zero by symmetry, which are equal, and how many
measurements are required to specify the property?

How is anisotropy related to crystal structure and texture?

Are there chains or layers in the structure that correlate with the directional
properties?

How do the magnitudes of the tensor components depend on bond lengths,
bond strengths, and chemical composition?




xiv Preface

What are the most important engineering applications?
What combination of properties are involved in the “figure of merit”?
How might future improvements be made in the properties?

The goal of this process—a process some call “Molecular Engineering”—is
the optimization of materials and devices through an understanding of structure—
property relationships.

Many, many colleagues and friends helped me prepare this book: The faculty,
staff, and students at the Pennsylvania State University and the Hong Kong
Polytechnic University were especially helpful. The sustained support of the
Office of Naval Research is also gratefully acknowledged.

I dedicate this book to my wife Patricia, the mother of our two wonderful
children, and my lifelong companion in the House of Love and Good Suppers.
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