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8 Units and conversion factors

1 pound (lb) = 4.448 Newtons (N)

1 psi = pounds per square'inch

1 MPa = MegaPascal = MegaNewtons per square meter (MN/m?)
= Newtons per square millimeter (N/mm?2) = 100,000,0 Pa

1 GPa = 1000 MPa = GigaPascal

1 ksi = 1000 psi = 6.895 MPa

1 psi = 0.006895 MPa

1 MPa = 0.145 ksi = 145 psi

B Some useful relationships, constants, and units

Electron volt = 1 eV = 1.6 x 10719 Joule = 1.6 x 10-12 erg

1 amp = 1 coulomb/second

1 voit = 1 amp - ohm

kg T at room temperature (300 K) = 0.0259 eV

¢ = speed of light 2.998 x 108 m/s

£0 = perimitivity of free space = 8.85 x 1012 F/m

q = charge on electron = 1.6 x 10-1° C

Avogadro’s number Ny = 6.023 x 103

kg = Boltzmann's constant = 8.63 x 107% eV/K = 1.38 x 1023 J/K
h = Planck’s constant 6.63 x 1073 J-s = 4.14 x 10~!5 eV-s
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Preface

Rudi

This book, Essentials of Materials Science and Engineering, is a direct result of the suc-
cess of the Fourth FEdition of The Science and Engineering of Materials, published in
2003. We received positive feedback on both the contents and the integrated approach
we used to develop materials science and engineering foundations by presenting the
student with real-world applications and problems.

This positive feedback gave use the inspiration to develop Essentials of Materiuls
Science and Engineering. The main objective of this book is to provide a concise over-
view of the principles of materials science and engineering for undergraduate students in
varying engineering and science disciplines. This Essentials text contains the same in-
tegrated approach as the Fourth Edition, using real-world applications to present and
then solve fundamental material science and engineering problems.

The contents of Essentials of Materials Science and Engineering book have been
carefully selected such that the reader can develop key ideas that are essential to a solid
understanding of materials science and engineering. This book also contains several new
examples of modern applications of advanced materials such as those used in informa-
tion technology, energy technology, nanotechnology microelectromechanical systems
(MEMS), and biomedical technology.

The concise approach used in this book will allow instructors to complete an in-
troductory materials science and engineering course in one semester.

We feel that while reading and using this book, students will find materials science
and engineering very interesting, and they will clearly see the relevance of what they are
learning. We have presented many examples of modern applications of materials
science and engineering that impact students’ lives. Our feeling is that if students
recognize that many of today’s technological marvels depend on the availability of
engineering materials they will be more motivated and remain interested in learning
about how to apply the essentials of materials science and engineering.

ence and Prerequisites

This book has been developed to cater to the needs of students from different engineer-
ing disciplines and backgrounds other than materials science and engineering (e.g., me-
chanical, industrial, manufacturing, chemical, civil, biomedical, and electrical engineer-
ing). At the same time, a conscious effort has been made so that the contents are very
well suited for undergraduates majoring in materials science and engineering and closely
related disciplines (e.g., metallurgy, ceramics, polymers, and engineering physics). In this
sense, from a technical and educational perspective, the book has not been “watered
down” in any way. The subjects presented in this text are a careful selection of topics
based on our analysis of the needs and feedback from reviewers. Many of the topics

XV
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PREFACE

related to electronic, magnetic, thermal, and optical properties have not been included
in this book to keep the page length down. For instructors and students who wish to
develop these omitted concepts, we suggest using the Fourth Edition of The Science and
Engineering of Materials.

This text is intended for engineering students who have completed courses in gen-
eral physics, chemistry, physics, and calculus. Completion of a general introduction to
Engineering or Engineering Technology will be helpful, but not necessary. The text does
not presume that the students have had any engineering courses related to statics, dy-
namics, or mechanics of materials.

Features

We have many unique features to this book.

CD-ROM Included with the Text The accompanying CD-ROM contains many useful
illustrations in the form of microphotographs and animations. Some of these are espe-
cially useful for visualization of crystal structures, atomic level defects, phase diagrams,
and microstructures of many materials. A limited number of video clips (e.g., solidifi-
cation of sodium acetate) are also included. The contents of the CD-ROM are coordi-
nated with different sections of the textbook. Students can also conduct a topic search
and quickly find out more about a topic discussed in many places in the book.

Have You Ever Wondered? Questions The opening chapter photo is followed by a
section entitled ““Have You Ever Wondered?’ These questions are designed to arouse the
reader’s interest, put things in perspective, and form the framework for what the reader
will learn in that chapter.

Examples Many real-world Examples have been integrated to accompany the chapter
discussions. These Examples specifically cover design considerations, such as operating
temperature, presence of corrosive material, economic considerations, recyclability, and
environmental constraints. The examples also apply to theoretical material and numeric
calculations to further reinforce the presentation.

Glossary All of the Glossary terms that appear in the chapter are set in boldface type
the first time they appear within the text. This provides an easy reference to the defi-
nitions provided in the end of each chapter Glossary.

Answers to Selected Problems The answers to the selected problems are provided at
the end of the text to help the student work through the end-of-chapter problems.

Appendices and Endpapers Appendix A provides a listing of selected physical prop-
erties of metals and Appendix B presents the atomic and ionic radii of selected ele-
ments. The Endpapers include SI Conversion tables and Selected Physical Properties of
elements.
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Strategies for Teaching from the Book

Most of the material presented here can be covered in a typical one-semester course.
By selecting the appropriate topics, however, the instructor can emphasize the desired
materials (i.e., metals, alloys, ceramics, polymers, composites, etc.), provide an over-
view of materials, concentrate on behavior, or focus on physical properties. In addition,
the text provides the student with a useful reference for subsequent courses in manu-
facturing, design, and materials selection. For students specializing in materials science
and engineering, or closely related disciplines, sections related to synthesis and process-
ing could be discussed in greater detail.

Supplements

Supplements for the student include:
= A student website at: www.engineering.thomson.com
Supplements for the instructor include:
* The Instructor’s Solutions Manual that provides complete, worked-out solutions

to selected text problems and additional text items.
= PDF files of all figures from the textbook in a multimedia presentation format.
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