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Preface to the Second Edition

Materials science offers a wonderful opportunity to introduce students to
basic principles of matter through forefront research topics of immediate or
near-future direct application to their lives.

Materials research is advancing rapidly. New topics in this second edition
include materials and sustainability, carbon nanotubes, other nanomaterials
such as nanocomposites, quantum dots, spintronics, and magnetoresistance.
In addition, in response to comments from other professors who taught from
the first edition, this new edition includes an introductory section on struc-
tures of materials and more discussion concerning polymers.

All aspects of the text have been edited and revised to correct some minor
shortcomings in the first edition, and to clarify points where readers kindly
indicated a need. The format is similar to the first edition in that the text
is brought alive through Comments and Tutorials that illustrate the role of
materials in our lives. In this second edition, several new Comments and a
new cap-stone Tutorial on the materials science of cymbals have been added.
References at the ends of chapters, to be used by the reader for further depth,
have also been updated. In addition, more than 60 new end-of-chapter prob-
lems have been added, bringing the total number of problems to 300. To
guide students through the myriad equations, a margin marker for the most
important equations has been introduced in this second edition.

Since 1991, I have been teaching a materials science course at the junior
(third-year) undergraduate level, cross-listed as a chemistry/physics course.
Initially I taught with the notes that became the first edition, and then I taught
from the first edition, most recently supplanted with additional information
that is now in the second edition. This is a 13-week course, with three hours
of lectures per week. Within that envelope, I also include Tutorials.* For the
most part, I cover all the topics, in the order of the textbook. Sometimes in
my lectures I have to omit or abbreviate topics, and, if so, what is covered in
Chapters 10 and/or 11 is reduced. Mostly, I include the introductory parts of
Chapter 14 after presenting Chapter 5, so the students have a foreshadow-
ing of the importance of mechanical properties. This course has now been
enthusiastically taken by about 800 students, mostly in chemistry and phys-
ics programs, but also in engineering, earth science, and biochemistry, and
they frequently comment on how much they appreciate the links to their
everyday lives. I have managed to find lecture demonstrations for each and
every lecture, many from everyday life. And I enjoy learning more examples
from the students!

* For details concerning presentation, see M. A. White, 1997. Tutorials as a teaching method for
materials science. Journal of Materials Education, 19, 23-26.
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xiv Preface to the Second Edition

The background colors on the front cover were produced by viewing a
CD case through crossed polarizers, with backlighting. See Chapter 14 for
discussion of color from stress-induced polarization.

We will encounter many equations in this book. The most important are
designated with B to the left of the equation.

Finally, to emphasize that this book concerns the physical properties of
materials, the word “physical” has been added to the first-edition title of
Properties of Materials.

A website for Physical Properties of Materials is maintained by the publisher.
Further updates and contact information for reader suggestions are available
at www.physicalpropertiesofmaterials.com.

Enjoy learning about physical properties of materials!

Mary Anne White
Halifax, Nova Scotia, Canada



Preface to the First Edition

The idea for this book germinated at a public lecture in about 1989. The
lecturer had mentioned in passing, “and you all know how a photocopier
works.” Most of the remainder of the lecture was lost on me, in wondering
what fraction of that educated audience knew how a photocopier worked.
Then I began to realize that there was no place in our curriculum where such
an important concept was taught to our students. After that lecture I decided
to take advantage of revision of the physical chemistry curriculum going on
in my department at that time, to prepare a curriculum for a class based on
properties of materials. The class was launched in 1991. Finding no appropri-
ate textbook, I wrote out my lecture notes for the students to use. With subse-
quent revisions and additions, these have become the book before you.

The purpose of this book is to introduce the principles of materials science
through an atomic and molecular approach. In particular, the aim is to help
the reader to learn to think about properties of materials in order to under-
stand the principles behind new (or old) materials. A “perfect goal” would be
for the reader to be able to learn about a new material in the business pages
of the daily newspaper, giving minimal scientific information, and from that
decipher the scientific principles on which the use of the material is based.

Properties of materials have interested many people. When speaking of
his youth, Linus Pauling* said: “I mulled over the properties of materials:
why are some substances colored and others not, why are some minerals or
inorganic compounds hard and others soft.”" It is noteworthy that such deep
considerations of the world around us eventually led Pauling to make semi-
nal contributions in many areas. It is hoped that encouragement of wonder
in the variety and nature of properties of materials will be of benefit to those
who read these pages.

This textbook should be viewed as an introductory survey of principles in
materials science. While this book assumes basic knowledge of physical sci-
ences, many of the concepts are presented with introductory mathematical
and theoretical rigor. This is largely to refrain from use of tensors (avoided in
all but a few places) in this presentation; the interested reader will find more
detailed presentations and derivations in the bibliography.

This book is divided into parts based on various properties of materials.
After a general introduction to materials science issues, origins of colors
and other optical properties of materials are considered. The next part con-
cerns thermal properties of materials, including thermal stability and phase

* Linus Pauling (1901-1994) was an American chemist and winner of the 1954 Nobel Prize in
Chemistry for research into the nature of the chemical bond and its applications to elucida-
tion of structure of complex substances. Pauling also won the 1962 Nobel Peace Prize.

t John Horgan, 1993. Profile: Linus Pauling. Scientific American, March 1993, 36.
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xXvi Preface to the First Edition

diagrams. A further part is about electrical and magnetic properties of mate-
rials, followed by a final part on mechanical stability.

This book has been used for the basis of a one-semester class in materials
science, offered in a chemistry department, and taken by students in chemis-
try, biochemistry, physics, engineering, and earth sciences. The prerequisite
for the class is prior introduction to the laws of thermodynamics.

A feature of this book is the introduction of tutorials, in which the stu-
dents, working in small groups, can apply the principles exposed in the text
to work out for themselves the physical principles behind applications of
materials science.

An Instructors” Supplement, containing complete discussion of all the
points raised in the tutorials, and complete worked solutions to all the end-
of-chapter problems, is available through the publisher to instructors who
have chosen the book for class use.

This book has aimed to present the principles behind various properties
of materials and, since it is a survey of a large subject, additional reading
suggestions are given at the end of each chapter as sources of more detailed
information. References to recent developments also are given, in order to
expose the readers to the excitement of current materials science research.
Updates to these references will be made available through the publisher’s
Web site, www.physicalpropertiesofmaterials.com.

The presentation for this book is by type of property—optical, thermal,
electrical, magnetic and mechanical. Types of materials—metals, semi-
conductors (intrinsic and extrinsic), insulators, glasses, orientationally
disordered crystals, defective solids, liquid crystals, Fullerenes, Langmuir-
Blodgett films, colloids, inclusion compounds, and more—are introduced
through their various properties. As new types of materials are made or dis-
covered, it is hoped that the approach of exposing principles that determine
physical properties will have a lasting effect on future materials scientists
and many others.
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