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PREFACE

This book is the product of more than half a century of innovation in physics edu-
cation. When the first edition of University Physics by Francis W. Sears and Mark
W. Zemansky appeared in 1949, it was revolutionary among calculus-based
physics textbooks in its emphasis on the fundamental principles of physics and
how to apply them. The success of University Physics with generations of stu-
dents and educators throughout the world is a testament to the merits of this
approach. In preparing this new Eleventh Edition, we have further enhanced and
developed University Physics to emphasize two key objectives: helping students
develop conceptual understanding, and helping them build strong problem-
solving skills.

New to This Edition

B A new arrangement of topics places the chapters on mechanical waves (15
and 16) immediately after the chapters on oscillations and fluids and before the
chapters on thermodynamics. The wave chapters have been rearranged to elimi-
nate repetition of topics. The discussion of displacement current has been moved
to Chapter 29 to follow the presentation of electromagnetic induction. The chap-
ters on geometric optics and optical instruments have been streamlined into a sin-
gle Chapter 34. Chapter 39 has an expanded discussion of the Schrodinger
equation. Some of the optional sections from the Tenth Edition of University
Physics have been moved to the companion web site.

B A totally revised art program helps students better visualize key concepts.
More discussion has been placed on the figures themselves, and consistent colors
for each kind of vector quantity are used throughout the book. In the discussion of
mechanics, color and design have been streamlined to help students identify the
object of interest. New photographs throughout the book illustrate the applica-
tions of physics to the natural world and to today’s technology.

B Aresearch-based, step-by-step approach to problem solving is used through-
out the book. Called ISEE—an acronym for Identify, Set up, Execute, and Evalu-
ate—this approach gives students a global strategy for solving physics problems
of all kinds. The ISEE approach is used in all Problem-Solving Strategy boxes
and in all worked examples. Educational research indicates that this consistent
approach helps students build their confidence in attacking new problems.

B To help students check their comprehension of the material, there are Chapter
Opening Questions at the beginning of each chapter and Test Your Under-
standing Questions at the end of almost every chapter section. The answers to the
questions are found at the end of the chapter.

B New visual chapter summaries reinforce the key ideas in each chapter. They
help students consolidate and connect important concepts by matching a descrip-



PREFACE

tive explanation, a mathematical representation, and a thumbnail sketch in an
easy-to-review grid.

M Careful use of subscripts in kinematics, dynamics, and elsewhere makes it
easier for students to distinguish between signed quantities such as velocity v, and
magnitudes such as speed v.

B There are over 600 new end-of-chapter problems, with an emphasis on
context-rich problems, bringing the total problem count to more than 3700.

B Accompanying University Physics are two new web-based tools for teach-
ing and learning physics. MasteringPhysics™ is a research-proven online tuto-
rial and homework assignment system. MasteringPhysics™ includes an
extensive library of entirely new and carefully tested problems that can be used
for student assignments. These problems include Skill Builders (detailed worked
examples that focus on conceptual understanding or key skills, and include mul-
tiple hint-giving options) and Tutoring Problems (standard multi-step homework
problems that give on-demand hints and individualized feedback based on the
student’s particular answers). End-of-Chapter Problems (the majority of the
end-of-chapter problems from University Physics) are also provided in the sys-
tem with algorithmically generated variables and fewer hints to more accurately
replicate a testing environment. ActivPhysics OnLine provides a comprehen-
sive library of more than 220 applets and accompanying interactive activities
that cover topics from mechanics through modern physics. It includes interac-
tive conceptual exercises that encourage students to confront misconceptions,
reason qualitatively, and think critically.

Key Features of University Physics

Standard, Extended, and Split Versions: This edition is available in three ver-
sions. The Standard version (ISBN 0-8053-8768-4) includes 37 chapters, ending
with the special theory of relativity. The Extended version (ISBN 0-8053-8684-X)
adds seven chapters on modern physics, including the physics of atoms, mole-
cules, condensed matter, nuclei, and elementary particles. The Split version
includes all 44 chapters in three volumes. Volume 1 (ISBN 0-8053-8767-6, Chap-
ters 1-20) covers mechanics, waves, and thermodynamics; Volume 2 (ISBN 0-
8053-8766-8, Chapters 21-37) covers electricity and magnetism, optics, and
relativity; and Volume 3 (ISBN 0-8053-8765-X, Chapters 37—44) covers modern
physics.

A Guide for the Student: Many physics students experience difficulty simply
because they don’t know how to use their textbook. A section entitled “How to
Succeed in Physics by Really Trying,” which follows this preface, is a “user’s
manual” to all the features of this book. This section, written by Professor Mark
Hollabaugh (Normandale Community College), also gives a number of helpful
study hints. Every student should read this section!

Chapter Organization: The first section of each chapter is an Introduction that
gives specific examples of the chapter’s content and connects it with what has
come before. There is also a Chapter Opening Question to make the reader think
about the subject matter of the chapter ahead. (To find the answer to the question,
look for the 7 icon.) Most sections end with a Test Your Understanding Ques-
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tion, which can be conceptual or quantitative in nature. At the end of the last sec-
tion of the chapter is a Visual Chapter Summary of the most important principles
in the chapter, as well as a list of Key Terms with reference to the page number
where each term is introduced. The answers to the Chapter Opening Question and
Test Your Understanding Questions are on the page following the Key Terms.

Questions and Problems: At the end of each chapter is a collection of Discussion
Questions that probe and extend the student’s conceptual understanding. Follow-
ing these are Exercises, which are single-concept problems keyed to specific sec-
tions of the text; Problems, usually requiring one or two nontrivial steps; and
Challenge Problems, intended to challenge the strongest students. The problems
include applications to such diverse fields as astrophysics, biology, and aerody-
namics. Many problems have a conceptual part in which students must discuss
and explain their results. The new questions, exercises, and problems for this edi-
tion were created and organized by Professor A. Lewis Ford (Texas A&M Uni-
versity) with contributions from Wayne Anderson (Sacramento City College) and
Rich Gottfried (Frederick Community College).

Problem-Solving Strategies and Worked Examples: Throughout the book,
Problem-Solving Strategy boxes provide students with specific tactics for solving
particular types of problems. They address the needs of any student who’s ever
felt that they “understand the concepts but can’t do the problems.”

All Problem-Solving Strategy boxes follow the ISEE approach (Identify, Set
up, Execute, and Evaluate) to solving problems. This approach helps students see
how to begin with a seemingly complex situation, identify the relevant physical
concepts, decide what tools are needed to solve the problem, carry out the solu-
tion, and then evaluate whether the result makes sense.

Each Problem-Solving Strategy box is followed by one or more worked-out
Examples that illustrate the strategy. Many other worked-out Examples are found
in each chapter. Like the Problem-Solving Strategy boxes, all of the quantitative
Examples use the ISEE approach. Several of the examples are purely qualitative,
and are labeled as Conceptual Examples; see, for instance, Conceptual Examples
6.6 (Comparing kinetic energies, p. 218), 8.1 (Momentum versus kinetic energy,
p. 286) and 20.7 (A reversible adiabatic process, p. 775).

“Caution” paragraphs: Two decades of physics education research have
revealed a number of conceptual pitfalls that commonly plague beginning physics
students. These include the ideas that force is required for motion, that electric
current is “used up” as it goes around a circuit, and that the product of an object’s
mass and its acceleration is itself a force. The “Caution” paragraphs alert students
to these and other pitfalls, and explain why the wrong way to think about a certain
situation (which may have occurred to the student first) is indeed wrong. (See, for
example, pp. 132, 182, and 629.)

Notation and units: Students often have a hard time keeping track of which
quantities are vectors and which are not. We use boldface italic symbols with an
arrow on top for vector quantities, such as ¥, 4, and 13; unit vectors such as z, have
a caret on top. Boldface +, —, x, and = signs are used in vector equations to

emphasize the distinction between vector and scalar mathematical operations.

SI units are used exclusively (English unit conversions are included where
appropriate). The joule is used as the standard unit of energy of all forms, includ-
ing heat.
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Flexibility: The book is adaptable to a wide variety of course outlines. There is
plenty of material for a three-semester or a five-quarter course. Most instructors
will find that there is too much material for a one-year course, but it is easy to tai-
lor the book to a variety of one-year course plans by omitting certain chapters or
sections. For example, any or all of the chapters on fluid mechanics, sound and
hearing, electromagnetic waves, or relativity can be omitted without loss of con-
tinuity. In any case, no instructor should feel constrained to work straight through
the entire book.

OnLine Supplements
for Students and Instructors

MasteringPhysics™ (www.masteringphysics.com) is a sophisticated online
tutoring and homework system developed specially for courses using University
Physics. Originally developed by Professor David Pritchard and collaborators at
MIT, MasteringPhysics™ provides students with individualized online tutoring by
responding to their wrong answers and providing hints for solving multi-step prob-
lems when they get stuck. It gives them immediate and up-to-date assessment of
their progress, and shows where they need to practice more. MasteringPhysics™
provides instructors with a fast and effective way to assign tried-and-tested online
homework assignments that comprise a range of problem types. The powerful
post-assignment diagnostics allow instructors to assess the progress of their class
as a whole and individual students, and quickly identity areas of difficulty.

ActivPhysics OnLine (www.aw.com/youngl1) was developed by Professors
Alan Van Heuvelen and Paul D’ Alessandris. It provides simulations and accom-
panying conceptual exercises from mechanics, waves, thermodynamics, electric-
ity and magnetism, and modern physics. Icons throughout the book indicate
which ActivPhysics simulations and exercises correspond to various sections of
University Physics.

The Addison Wesley Tutor Center (www.aw.com/tutorcenter) provides one-on-
one tutoring via telephone, fax, email, or interactive web site during evening
hours and on weekends. Qualified college instructors answer questions and pro-
vide instruction regarding MasteringPhysics™ as well as examples, exercises,
and other content from University Physics.

The Companion Web Site (www.aw.com/youngl1) includes additional study
material as well as in-depth discussions of physics topics not included in Univer-
sity Physics.

Additional Student Supplements

The Study Guide, prepared by Professor James R. Gaines and William F. Palmer,
reinforces the text’s emphasis on problem-solving strategies and student miscon-
ceptions. The Study Guide for Volume 1 (ISBN 0-8053-8778-1) covers Chapters
1-20, and the Study Guide for Volumes 2 and 3 (ISBN 0-8053-8743-9) covers
Chapters 21-44.

The Student Solutions Manual, prepared by Professor A. Lewis Ford, includes
careful, step-by-step solutions for most of the odd-numbered exercises and
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problems in University Physics, following the same ISEE approach used in the
Problem-Solving Strategy boxes and in the Examples. (The answers for all odd-
numbered problems are found in University Physics following the Appendices.)
The Student Solutions Manual for Volume 1 (ISBN 0-8053-8777-3) covers
Chapters 1-20, and the Student Solutions Manual for Volumes 2 and 3 (ISBN
0-8053-8696-3) covers Chapters 21-44.

Additional Instructor Supplements

The Instructor’s Solutions Manual, prepared by Professor A. Lewis Ford, con-
tains worked-out solutions to all exercises, problems, and challenge problems. (It
is available to qualifying instructors only.) The Instructor’s Solutions Manual for
Volume 1 (ISBN 0-8053-8775-7) covers Chapters 1-20, and the Instructor’s Solu-
tions Manual for Volumes 2 and 3 (ISBN 0-8053-8776-5) covers Chapters 21-44.
The complete text of both printed manuals is also available in Word format on the
cross-platform Instructor’s Solutions Manual CD-ROM (ISBN 0-8053-8774-9).

The Test Bank is available in both print and electronic formats. The Printed Test
Bank (ISBN 0-8053-8772-2) includes more than 1500 problems. All of these
problems are included in the cross-platform Computerized Test Bank CD-ROM
(ISBN 0-8053-8771-4); more than half of the problems on the CD-ROM now
offer algorithmically generated functionality thanks to Benjamin Grinstein (Uni-
versity of California, San Diego).

Five Easy Lessons: Strategies for Successful Physics Teaching (ISBN 0-8053-
8702-1), written by Professor Randall Knight (California Polytechnic State Uni-
versity, San Luis Obispo), is packed with creative ideas on how to enhance any
physics course. It is an invaluable companion for both novice and veteran physics
instructors.

The Simulation and Image Presentation CD-ROM (ISBN 0-8053-8769-2)
includes a library of more than 220 simulation applets from ActivPhysics OnLine.
These make it easy to illustrate challenging physics concepts in class in a dynamic
way. The CD-ROM also includes all of the illustrations (excluding photographs)
from University Physics, all chapter summaries, Problem-Solving Strategy boxes,
and key equations. All these items can easily be exported into lecture-presentation
programs such as PowerPoint®, or posted online. A set of Transparency Acetates
(ISBN 0-8053-8773-0) with more than 200 illustrations from University Physics
is also available.
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HOW TO SUCCEED IN PHYSICS
BY REALLY TRYING

Mark Hollabaugh, Normandale Community College

Physics encompasses the large and the small, the old and the new. From the atom
to galaxies, from electrical circuitry to aerodynamics, physics is very much a
part of the world around us. You probably are taking this introductory course in
calculus-based physics because it is required for subsequent courses you plan to
take in preparation for a career in science or engineering. Your professor wants
you to learn physics and to enjoy the experience. He or she is very interested in
helping you learn this fascinating subject. That is part of the reason your professor
chose this textbook for your course. That is also the reason why Drs. Young and
Freedman asked me to write this introductory section. We want you to succeed!

The purpose of this section of University Physics is to give you some ideas that
will assist your learning. Specific suggestions on how to use the textbook will fol-
low a brief discussion of general study habits and strategies.

Preparation for This Course

If you had high school physics, you will probably learn concepts faster than those
who have not because you will be familiar with the language of physics. If Eng-
lish is a second language for you, keep a glossary of new terms that you encounter
and make sure you understand how they are used in physics. Likewise, if you are
farther along in your mathematics courses, you will pick up the mathematical
aspects of physics faster. Even if your mathematics is adequate, you may find a
book such as Arnold D. Pickar’s Preparing for General Physics: Math Skill Drills
and Other Useful Help (Calculus Version) to be useful. Your professor may actu-
ally assign sections of this math review to assist your learning.

Learning to Learn

Each of us has a different learning style and a preferred means of learning. Under-
standing your own learning style will help you to focus on aspects of physics that
may give you difficulty and to use those components of your course that will help
you overcome the difficulty. Obviously you will want to spend more time on those
aspects that give you the most trouble. If you learn by hearing, lectures will be
very important. If you learn by explaining, then working with other students will
be useful to you. If solving problems is difficult for you, spend more time learn-
ing how to solve problems. Also, it is important to understand and develop good
study habits. Perhaps the most important thing you can do for yourself is to set
aside adequate, regularly scheduled, study time in a distraction-free environment.

Answer the following questions for yourself:

* Am I able to use fundamental mathematical concepts from algebra, geometry and
trigonometry? (If not, plan a program of review with help from your professor.)

* In similar courses, what activity has given me the most trouble? (Spend more
time on this.) What has been the easiest for me? (Do this first; it will help to
build your confidence.)

* Do I understand the material better if I read the book before or after the lecture?
(You may learn best by skimming the material, going to lecture, and then under-
taking an in-depth reading.)
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* Do I spend adequate time in studying physics? (A rule of thumb for a class like
this is to devote, on the average, 2.5 hours out of class for each hour in class. For
a course meeting 5 hours each week, that means you should spend about 10 to
15 hours per week studying physics.)

* Do I study physics every day? (Spread that 10 to 15 hours out over an entire
week!) At what time of the day am I at my best for studying physics? (Pick a spe-
cific time of the day and stick to it.)

* Do I work in a quiet place where I can maintain my focus? (Distractions will
break your routine and cause you to miss important points.)

Working with Others

Scientists or engineers seldom work in isolation from one another but rather work
cooperatively. You will learn more physics and have more fun doing it if you work
with other students. Some professors may formalize the use of cooperative learning
or facilitate the formation of study groups. You may wish to form your own
informal study group with members of your class who live in your neighborhood
or dorm. If you have access to e-mail, use it to keep in touch with one another. Your
study group is an excellent resource when reviewing for exams.

Lectures and Taking Notes

An important component of any college course is the lecture. In physics this is
especially important because your professor will frequently do demonstrations of
physical principles, run computer simulations, or show video clips. All of these are
learning activities that will help you to understand the basic principles of physics.
Don’t miss lectures, and if for some reason you do, ask a friend or member of your
study group to provide you with notes and let you know what happened.

Take your class notes in outline form, and fill in the details later. It can be very
difficult to take word for word notes, so just write down key ideas. Your professor
may use a diagram from the textbook. Leave a space in your notes and just add the
diagram later. After class, edit your notes, filling in any gaps or omissions and
noting things you need to study further. Make references to the textbook by page,
equation number, or section number.

Make sure you ask questions in class, or see your professor during office hours.
Remember the only “dumb” question is the one that is not asked. Your college may
also have teaching assistants or peer tutors who are available to help you with
difficulties you may have.

Examinations

Taking an examination is stressful. But if you feel adequately prepared and are
well-rested, your stress will be lessened. Preparing for an exam is a continual
process; it begins the moment the last exam is over. You should immediately go
over the exam and understand any mistakes you made. If you worked a problem
and made substantial errors, try this: Take a piece of paper and divide it down
the middle with a line from top to bottom. In one column, write the proper
solution to the problem. In the other column, write what you did and why, if you
know, and why your solution was incorrect. If you are uncertain why you made
your mistake, or how to avoid making it again, talk with your professor. Physics
continually builds on fundamental ideas and it is important to correct any
misunderstandings immediately. Warning: While cramming at the last minute
may get you through the present exam, you will not adequately retain the
concepts for use on the next exam.
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Using Your Textbook

Now let's take a look at specific features of University Physics that will help you
understand the concepts of physics. At its heart, physics is not equations and
numbers. Physics is a way of looking at the universe and understanding how the
universe works and how its various parts relate to each other. And although solving
quantitative problems is an important part of physics, it is equally important for you
to understand concepts qualitatively. Your textbook will help you in both areas.

First of all, don't be afraid to write in your book. It is more important for you to
learn the concepts of physics than to keep your book in pristine condition. Write in
the margins, make cross references. Take notes in your notebook as you read.
University Physics is your primary “reference book” for this course. Refer to it often
to help you understand the concepts you hear in lecture. Become familiar with the
contents of the appendices and end papers.

Test Your Understanding

You are driving your car on a country road when a mosquito splatters itself on the
windshield. Which has the greater magnitude, the force that the car exerted on the
mosquito or the force that the mosquito exerted on the car? Or are the magnitudes
the same? If they are different, how can you reconcile this fact with Newton’s
third law? If they are equal, why is the mosquito splattered while the car is
undamaged?

Chapter Opening Questions
and Test Your Understanding Questions

Each chapter of University Physics opens with a photo-
graph, and next to that photograph is a question. As you
read the chapter, try to figure out the answer to this ques-
tion. You'll also find a Test Your Understanding question at
the end of most sections of the book. These are designed to
help you check if you've understood a key concept that's

just been presented. If you can’t see how to answer the question, you may need to
read the section again with more care. (You'll find the answers to both kinds of ques-
tions toward the end of the chapter, but you'll get the most benefit if you figure out
the answers yourself!)

Suppose the wind is once again blowing steadily in the +x-direction
as in Example 5.6, so that the iceboat has a constant acceleration
a, = 1.5 m/s’. Now, however, there is a constant horizontal friction
force with magnitude 100 N that opposes the motion of the iceboat.
In this case, what force Fy, must the wind exert on the iceboat?

IDENTIFY: Once again the target variable is Fy. We are given the
acceleration, so to find Fy all we need is Newton’s second law.

SET UP: Figure 5.9 shows the new free-body diagram. The only
difference from Fig. 5.7b is the addition of the friction force
]", which points opposite to the motion. (Note that its magnitude,
S = 100N, is a positive quantity but that its component in the
x-direction is negative, equal to —f or —100 N.)

EXECUTE: There are now two forces (the force of the wind and the
friction force) that have x-components. The x-component of New-
ton’s second law gives

2F = Fy+ (=f) = ma,
Fy=ma, + f= (200kg)(1.5m/s?) + (100N) = 400 N

Straight-line motion with friction

EVALUATE: Because there is friction, a greater force Fy, is needed
than in Example 5.6. We need 100 N to overcome friction and 300 N
more to give the iceboat the necessary acceleration.

5.9 Free-body diagram for the iceboat and rider with a frictional
force f opposing the motion.
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Worked Examples

Your professor will work
example problems in class to
illustrate the application of the
concepts of physics to
real-world problems. You
should work through all the
examples in the textbook,
filling in any missing steps,
and making note of things
you don’t understand. Get
help with the concepts that
confuse you!



Problem-Solving .
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cept. Finally, use the ISEE approach
consistently. It will help you build
confidence in tackling new problems.

CAUTION! Please note that the quantity ma is not a force. All that Eqs. (4.7)
and (4.8) say is that the vector md is equal in magnitude and direction to the

Caution! vector sum SF of all the forces acting on the body. It's incorrect to think of
acceleration as a force; rather, acceleration is a result of a nonzero net force. It's
Educational research has identified misconceptions or “common sense” to think that there is a “force of acceleration” that pushes you

back into your seat when your car accelerates forward from rest. But there is no
such force; instead, your inertia causes you to tend to stay at rest relative to the

misunderstandings that students frequently have when

they StUdy thSiCS. Dr. Freedman has added Caution! earth, and the car accelerates around you. The “common sense” confusion

- 5 arises from trying to apply Newton's second law in a frame of reference where
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Key Terms, Summary, and Problems

The most important concepts are listed in the Key Terms. Keep a glossary of terms in your notebook. Your professor may indicate
through the use of course objectives which terms are important for you to know. The Summary will give you a quick review of the
chapter’s main ideas and how they can be represented descriptively (in text), visually (in a figure), and mathematically (with an
equation). Use this to make sure you understand how the same concept can be represented in these different ways. Everything
else can be derived from the general equations provided in the summary.

If your professor assigns Problems at the end of the chapter, make sure you work them carefully with other students. If solu-
tions are available, do not look at the answer until you have struggled with the problem and compared your answer with some-
one else’s. If the two of you agree on the answer, then look at the solution. If you have made a mistake, go back and rework the
problem. You will note that the Exercises are keyed to specific sections of the chapter and are easier. Work on these before you
attempt the Problems or Challenge Problems which typically use multiple concepts.

Well, there you have it. We hope these suggestions will benefit your study of physics. Strive for understanding and excellence, and be
persistent in your learning.
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