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Preface

This textbook is intended for a conceptual course in introductory physics for students majoring in
fields other than science, mathematics, or engineering. It will work very well in courses for future
teachers.

Writing this book has been an exercise in translation. We have attempted to take the logic, vocabu-
lary, and values of physics and communicate them in an entirely different language. A good job of
translating requires careful attention to both languages, that of the physicist and that of the student.
In some areas the physics is so abstract that it took creative bridges to span the gulf between the lan-
guages. We are indebted to the many students who shared their confusions with us and wrestled with
the clarity of our translations. We are equally indebted to the many physicists who shared our search
for the proper word or metaphor that comes closest to capturing the abstract, elusive idea.

Mathematics is the structural foundation for all of the physics world view. As stated previously,
this textbook translates most of the ideas into longer, less tightly structured sentences. Still, the
mathematics holds much of the beauty and power of physics, and we want to offer a glimpse of
this for students whose mathematical background is adequate. Therefore, the more mathematical
presentations within the textbook have been placed in boxes labeled Working It Out to make the text-
book friendlier to those students in courses that do not include this material. These boxes allow the
students to skip over the more mathematical material without loss of continuity in the conceptual
development of the physics ideas.

COVERAGE

The topics covered in this book are the fundamental topics in classical and modern physics. The
book is divided into nine parts. The Big Picture interludes set the theme for the sections that follow.

e Part I (Chapters 1-5) opens with an introduction to the physicists’ world view and then deals
with the fundamentals of motion, including Newton’s three laws of motion. This part ends with
a careful look at gravity, our most familiar force.

e Part II (Chapters 6-8) reexamines motion through an investigation of three fundamental
conservation laws: momentum, energy, and angular momentum.

e Part III (Chapters 9-10) explores the concepts involved in classical, special, and general
relativity.



VI Preface

* In the beginning of Part IV (Chapters 11-14), we set the stage for expanding our understanding
of energy by investigating the structure of matter, first macroscopically, then microscopically.
This part ends with a study of thermodynamics, including heat, temperature, internal energy,
heat engines, and entropy.

® Part V (Chapters 15-16) develops the basic properties of wave phenomena and applies them to
a study of sound and music. It also gives the reader a background that will be helpful in under-
standing much of quantum physics.

e Part VI (Chapters 17-19) covers the study of light and optics, starting with the general question
of the basic nature of light, covering interesting applications, and ending with consequences of
the wave nature of light.

e Part VII (Chapters 20-22) covers the basic concepts in electricity and magnetism, including a
careful examination of simple circuits and the nature of electromagnetic waves.

e In Part VIII (Chapters 23-24), we develop the story of the quantum, starting with the discovery
of the electron and ending with quantum physics.

e The final section of the textbook, Part IX (Chapters 25-28), takes the student deeper into the
study of the structure of matter by looking at the nucleus and eventually the fundamental par-
ticles. It ends with a look at some of the frontiers of physics.

NEew 1O THIS EDITION

After soliciting comments from physics teachers and students, we carefully considered each sugges-
tion and used many of them in reworking the entire textbook. We simplified explanations of some
phenomena; updated developing areas, such as elementary particles and cosmology; and added new
explanatory material.
e The in-chapter check questions have been renamed On the Bus boxes to better illustrate their
function of confirming that the reader is “on the bus” before we continue on.

e In an effort to help students gain confidence in their ability to solve physics problems, we have
added many new Working It Out boxes throughout the text.

e The end-of-chapter Conceptual Questions and Exercises were revised to refresh the sets. Many
were replaced with new questions, and others were revised to present new scenarios and numeric
values.

e Where appropriate, we added new conceptual questions at the end of the Physics Everyday boxes
(88 new questions in all). These questions can be assigned as homework to encourage students
to read about these connections between physics and their everyday lives. A new Physics Everyday
box on “Monumental Metric Mistakes” was added to Chapter 1.

ACKNOWLEDGMENTS

Physicists and physics teachers who gave freely of their time to explore the many options of explaining
the physics world view with a minimum of mathematics include our colleagues Jeff Adams, John Carl-
sten, William Hiscock, Robert Swenson, and George Tuthill from Montana State University, as well as the
Jate Arnold Arons (University of Washington), Larry Gould (University of Hartford), and Bob Weinberg
(Temple University). We appreciate the special efforts of Montana State University photography gradu-
ate David Rogers for many of the photographs used in the textbook. We would also like to thank the
many students who have studied from this textbook and provided us with valuable feedback.
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We are also grateful to Gerry Wheeler, who almost 30 years ago suggested to Larry Kirkpatrick that
they write a textbook. Neither Larry nor Gerry could have written a textbook by himself, but together
they produced a textbook that has become a best-seller. In the process of understanding the physics,
interacting with students to learn how to present physics to a nontechnical audience, and discussing
how best to capture the excitement of classroom teaching in a textbook, they became much better
physics teachers ... and lifelong friends. Gerry is the executive director of the National Science
Teachers Association. NSTA is fortunate to have his creative mind and his extraordinary ability to
work with people for the betterment of science education. We wish him continued success.

The following reviewers were very helpful in producing this edition: ‘

ANDREW BOUDREAUX, Western Washington University
KEVIN FAIRCHILD, La Costa Canyon High School

Davip Fazzini, College of DuPage

STEPHAN Haas, University of Southern California
MicBAEL G. Hosack, Temple University

CLIFFORD V. JOHNSON, University of Southern California
KARA ]. KEETER, Idaho State University

ROBERT MACKAY, Clark College

Davip H. MILLER, Purdue University

THaoMas L. O’Kuma, Lee College

Nicora ORsINI, Marshall University

RoBERT L. PAULSON, California State University, Chico
CAROLYN D. SEALFON, West Chester University of Pennsylvania
MARK W. SPRAGUE, East Carolina University

MELVIN |. VAUGHN, West Valley College

BoNNIE WyLO, Eastern Michigan University

MicHAEL K. YOUNG, Santa Barbara City College

The final chapter on frontiers poses unique challenges, as the topics are truly on the frontiers. We
especially want to thank Jeff Adams, Neil Cornish, William Hiscock (all Montana State University),
the late Robert S. Panvini (Vanderbilt University), and Chris Waltham (University of British Colum-
bia) for contributing and updating essays and assisting us to understand these topics.

We would like to thank our emeritus colleague Pierce Mullen for carefully checking the historical
accuracy of the textbook, for writing all but two of the biographical sketches, and for providing many
insights into the history of physics.

The current edition continues to benefit from the efforts of our colleague Jeff Adams, who spent
many hours revising old conceptual questions and exercises and designing many innovative and
thought-provoking new ones. Thanks also to Andrew Bourdreaux (Western Washington University),
who painstakingly checked the textual material of all chapters and interludes for accuracy, and to
Sytil Murphy for her careful work on the comprehensive index.

Finally, we would like to thank the staff at Cengage Learning, for their professionalism, enthusi-
asm, and generous support: Mary Finch, Publisher; Nicole Mollica, Marketing Manager; and Trudy
Brown, in-house Project Manager. This book would not be of this high quality without the help of
those who worked closely with us: Peter McGahey for his diligent and careful work as Senior Devel-
opmental Editor and for keeping us on schedule; Katherine Wilson, who oversaw the production of
the book as senior project manager at Lachina Publishing Services; Greg Gambino for his beautiful
new Stick Man illustrations; Dena Digilio-Betz for finding excellent photographs; and Amy Schneider
for her careful work in editing the manuscript.
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After giving serious consideration to each of the reviewers’ suggestions, we made the final deci-
sions and therefore accept the responsibility for any errors, omissions, and confusions that may
remain in the textbook. We would, of course, appreciate receiving any comments that you may have.
Send comments and suggestions to Greg Francis, Physics, Montana State University, Bozeman, MT
59717-3840 or via e-mail at francis@physics.montana.edu.

Larry D. Kirkpatrick
Gregory E. Francis
Montana State University
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