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uild Skills

Learn basic and advanced skills that help
solve a broad range of physics problems.

Problem-Solving Strategies coach students in
how to approach specific types of problems.

Newton’s Second Law: Dynamics of Particles

IDENTIFY the relevant concepts: You have to use Newton’s second
law [or any problem that involves forces acling on an aceeleraling

o))
accelerate in different directions, you can use a different set of
axes [or cach budy.

This text's uniquely extensive set »
of Examples enables students
to explore problem-solving
challenges in exceptional detail.

Consistent

The Identify / Set Up /

Execute / Evaluate format, used in
all Examples, encourages students
to tackle problems thoughtfully
rather than skipping to the math.

Focused

All Examples and Problem-
Solving Strategies are revised
to be more concise and focused.

Visual
Most Examples employ a diagram—
often a pencil sketch that shows

m Toboggan ride with friction Il

The same toboggan with the same coefficient of friction as in
Example 5.16 accelerates down a steeper hill. Derive an expres-
sion for the acceleration in terms of g, &, py, and w.

IDENTIFY and SET UP: The toboggan is accelerating, so we must
use Newton’s second law as given in Eqgs. (5.4). Our target variable
is the downhill acceleration.

Our sketch and free-body diagram (Fig. 5.23) are almost the
same as for Example 5.16. The toboggan’s y-component of accel-
eration a, is still zero but the x-component a, is not, so we’ve
drawn the downhill component of weight as a longer vector than
the (uphill) friction force.

ENECUTE: It’s convenient to express the weight as w = mg. Then
Newton’s second law in component form says

S F, = mgsina + (—fy) = ma,
SFy=n+ (—-mgcosa) =0

5.23 Our sketches for this problem.

(a) The situation (b) Free-body diagram for toboggan

N
N

i, identify any
vou might need
stant accelera-
ay be relation-
y be connected
ations relating

From the second equation and Eq. (5.5) we get an expression for f:
n = mgcosa
S = pan = pymg cos «
‘We substitute this into the x-component equation and solve for a,:
s forces along
present a force
rough the orig-
wice.
ntities. In your

mgsina + (—pmgcos a) = may
a, = g(sina — py cos a)
EVALUATE: As for the frictionless toboggan in Example 5.10, the

acceleration doesn’t depend on the mass m of the toboggan. That’s
because all of the forces that act on the toboggan (weight, normal

force, and kinetic friction force) are proportional to m. C(\mpo.nenl of
Let’s check some special cases. If the hill is vertical (@ = 90°)  fition, write any
so that sina = 1 and cos @ = 0, we have a, = g (the toboggan 4 of “Set Up.

variables.)
to find the tar-

falls freely). For a certain value of « the acceleration is zero; this
happens if

sina = py cos a and py = tan a
€ correct units?

m/s2.) Does it
sider particular

he cesults with

This agrees with our result for the constant-velocity toboggan in
Example 5.16. If the angle is even smaller, uy cos « is greater than
sin & and a, is negative; if we give the toboggan an initial down-
hill push to start it moving, it will slow down and stop. Finally, if
the hill is frictionless so that gy = 0, we retrieve the result of
Example 5.10: a, = gsina.

Notice that we started with a simple problem (Example 5.10)
and extended it to more and more general situations. The general
result we found in this example includes all the previous ones as
special cases. Don’t memorize this result, but do make sure you
understand how we obtained it and what it means.

Suppose instead we give the toboggan an initial push up the
hill. The direction of the kinetic friction force is now reversed, so
the acceleration is different from the downhill value. It turns out
that the expression for a, is the same as for downhill motion except
that the minus sign becomes plus. Can you show this?

what a student should draw.
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NEW! Video Tutor Solution for Every Example

Each Example is explained and solved by an instructor
in a Video Tutor solution provided in the Study Area
of MasteringPhysics® and in the Pearson eText.

NEW! Mathematics Review Tutorials

MasteringPhysics offers an extensive set of assignable mathematics
review tutorials—covering differential and integral calculus as well
as algebra and trigonometry.



NEW! Bridging Problems

At the start of each problem set, a
Bridging Problem helps students
make the leap from routine
exercises to challenging problems
with confidence and ease.

Each Bridging Problem poses a
moderately difficult, multi-concept
problem, which often draws on earlier
chapters. In place of a full solution,

it provides a skeleton solution guide
consisting of questions and hints.

A full solution is explained in

a Video Tutor, provided in the
Study Area of MasteringPhysics®
and in the Pearson eText.

Develop problem-solving confidence through a range
of practice options—from guided to unguided.

uild Confidence

LNV Billiard Physics

A cue ball (a uniform solid sphere of mass m and radius R) is at
rest on a level pool table. Using a pool cue, you give the ball a
sharp, horizontal hit of magnitude F at a height / above the center
of the ball (Fig. 10.37). The force of the hit is much greater
than the friction force f that the table surface exerts on the ball.
The hit lasts for a short time Ar. (a) For what value of
h will the ball roll without slipping? (b) If you hit the ball dead
center (h = 0), the ball will slide across the table for a while, but
eventually it will roll without slipping. What will the speed of its
center of mass be then?

SOLUTION GUIDE
See MasteringPhysics® study area for a Video Tutor solution. (™ )

IDENTIFY and SET UP
. Draw a free-body diagram for the ball for the situation in part (a),

including your choice of coordinate axes. Note that the cue
exerts both an impulsive force on the ball and an impulsive
torque around the center of mass.

. The cue force applied for a time At gives the ball’s center of
mass a speed Uey, and the cue torque applied for that same
time gives the ball an angular speed . What must be the
relationship between vy, and  for the ball to roll without
slipping?

©

3. Draw two free-body diagrams for the ball in part (b): one show-
ing the forces during the hit and the other showing the forces
after the hit but before the ball is rolling without slipping.

4. What is the angular speed of the ball in part (b) just after the
hit? While the ball is sliding, does v, increase or decrease?
Does w increase or decrease? What is the relationship between
e and @ when the ball is finally rolling without slipping?

ENECUTE
In part (a), use the impulse-momentum theorem to find the
speed of the ball’s center of mass immediately after the hit.
Then use the rotational version of the impulse-momentum the-
orem to find the angular speed immediately after the hit. (Hint:
To write down the rotational version of the impulse-momentum
theorem, remember that the relationship between torque and
angular momentum is the same as that between force and linear
momentum.)
6. Use your results from step 5 to find the value of & that will
cause the ball to roll without slipping immediately after the hit.
. In part (b), again find the ball’s center-of-mass speed and
angular speed immediately after the hit. Then write Newton’s
second law for the translational motion and rotational motion
of the ball as it is sliding. Use these equations to write
expressions for vy, and @ as functions of the clapsed time
t since the hit.
Using your results from step 7, find the time 7 when vey, and @
have the correct relationship for rolling without slipping. Then
find the value of vy, at this time.

EVALUATE
9. If you have access to a pool table, test out the results of parts
(a) and (b) for yourself!

o

=

3

A 10. Can you show that if you used a hollow cylinder rather than a
| solid ball, you would have to hit the top of the cylinder to
cause rolling without slipping as in part (a)?

In response to professors, the Problem Sets now include more
biomedically oriented problems (BIO), more difficult problems
requiring calculus (CALC), and more cumulative problems that
draw on earlier chapters (CP).

14.85 « EP In Fig. P14.95 the
upper ball b relessed from rest,
collides. with the stationary lower
ball, and wticks w it The sings
wre both 50.0 cm long, The upper
all hats s 2,00 kg, amd it is im-
tially 100 cm higher thun the
lower  ball, which has  mass
300 kg, Find the frequency and
maximum  angular displacement
of the motion after the collision.
1496 = CP BID 7. rex. Model
the leg of the T. rex in Example
1410 (Secrion 14,6) a5 two uniform rods, each 1.55 m long,
Juined rigidly end o end. Let the Jower md have mass M and the
upper rod mass 2M. The composite object is prvoted about the top
of the upper rod, Compule the oscillation peniod of this object for
soiall-amplitude oscillations. Compare your result 1o thar of
Example 14.10,

14.97 =+ CALE A slender, uni-
form, metal rod with mass M
15 pivoted without friction abou
an axis through e midpoint amd
perpendieulur t the rod. A hori-
somal spring with force constan

Figure P14,95

About 20% of problems are new or revised. These revisions are
driven by detailed student-performance data gathered nationally
through MasteringPhysics.

Problem difficulty is now indicated by a three-dot ranking
system based on data from MasteringPhysics.

Figure P14,97

T

ks aached to the Tower endl of ‘ STy “’;W-u--wnw-‘ bt y
the rod, with the other end of the ) S i Yoty

X v ) et o D Fiuen 2227 i o et |
spring anuched 1o a4 gl sup- S ) | o i e o 178 b | v w . |
port. I the rod is displaced by i W ; Pomtiom i Y et w_ — — ]
yal gl 3 v e wertlonl AT I o =
(Fig, P14.97) und released, show Adem o  shoy - ™
that it moves in angular SHM P e b i 3, b b g
and caleulate the peniod, (Hint: Assume that the angle B is smal|
enough for the approximations sin £ = € and cos © = 1 o he | 2= Iq Nt

valid, The motion is simple harmonic if ¢ 8/di® = -8, and the
period is then 7 = 2rfus )

(o S St o Ervicst. v hi nts

NEW! Enhanced End-of-Chapter Problems in MasteringPhysics
Select end-of-chapter problems will now offer additional support such
as problem-solving strategy hints, relevant math review and practice,
and links to the eText. These new enhanced problems bridge the gap
between guided tutorials and traditional homework problems.



Deepen knowledge of physics by building
connections to the real world.

ring Physics to Life

I Are Nonideal
Springs

Muscles exert forces via the tendons that
attach them to bones. A tendon consists of

Application Mloment of Inertia of a
Bird’s Wing

When a bird flaps its wings, it rotates the
wings up and down around the shoulder. A
hummingbird has small wings with a small
moment of inertia, so the bird can make its
wings move rapidly (up to 70 beats per sec-
ond). By contrast, the Andean condor (Vultur

gryphus) has immense wings that are hard to
move due to their large moment of inertia.
Condors flap their wings at about one beat per
second on takeoff, but at most times prefer to
soar while holding their wings steady.

long, stiffly elastic collagen fibers. The graph
shows how the tendon from the hind leg of

a wallaby (a small kangaroo) stretches in
response to an applied force. The tendon does
not exhibit the simple, straight-line behavior of
an ideal spring, so the work it does has to be

NEW! Applications of Physics B> | onsoymessen s 73 oo e
Throughout the text, free-standing captioned photos o oo ony S S5 o o e s wos
apply physics to real situations, with particular emphasis
on applications of biomedical and general interest.

done to stretch it.

Application Listening for Turbulent

Normal blood flow in the human aorta is lami-

nar, but a small disturbance such as a heart
pathology can cause the flow to become turbu-
lent. Turbulence makes noise, which is why
listening to blood flow with a stethoscope is a
useful diagnostic technique.
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<€ NEW! PhET Simulations and Tutorials
Sixteen assignable PhET Tutorials enable students to make
connections between real-life phenomena and the underlying
physics. 76 PhET simulations are provided in the Study Area
of MasteringPhysics® and in the Pearson eText.

The comprehensive library of ActivPhysics applets
and applet-based tutorials is also available.

NEW! Video Tutor Demonstrations and Tutorials

“Pause and predict” demonstration videos of key physics
concepts engage students by asking them to submit a prediction
before seeing the outcome. These videos are available through
the Study Area of MasteringPhysics and in the Pearson eText. A
set of assignable tutorials based on these videos challenge
students to transfer their understanding of the demonstration to
a related problem situation.

Figure E21.23

21.24 -+ BI0 Base Pairing in DNA, II. Refer to Exercise 21.23.
Figure E21.24 shows the bonding of the cytosine and guanine mol-
ecules. The O—H and H—N distances are each 0.110 nm. In this
case, assume that the bonding is due only to the forces along the
O—H—0, N—H—N, and O—H—N combinations, and
assume also that these three combinations are parallel to each other.
Calculate the net force that cytosine exerts on guanine due to the
preceding three combinations. Is this force attractive or repulsive?

Biomedically Based End-of-Chapter Problems p
To serve biosciences students, the text adds
a substantial number of problems based on
biological and biomedical situations.




Make a Difference with
MasteringPhysics®

MasteringPhysics is the most effective and widely
used online science tutorial, homework, and
assessment system available.

Masteriﬁ\ €S
kg/PHYSI S

www.masteringphysics.com

NEW! Pre-Built Assignments B> [FeeGrmse:

For every chapter in the book, MasteringPhysics e il i
now provides pre-built assignments that cover
the material with a tested mix of tutorials and
end-of-chapter problems of graded difficulty.
Professors may use these assignments as-is or
take them as a starting point for modification.
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« Every assignment is graded automatically.
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<« Gradebook Diagnostics
This screen provides your favorite weekly diagnostics.
With a single click, charts summarize the most difficult
problems, vulnerable students, grade distribution, and
even improvement in scores over the course.
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TO THE STUDENT

HOW T0O 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 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 follow 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 mathe-
matical 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 actually 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.
Understanding 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 hear-
ing, 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 learning how to solve problems. Also, it is important to under-
stand 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:

e 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.)

Xi



HOW TO SUCCEED IN PHYSICS BY REALLY TRYING

* Do I understand the material better if I read the book before or after the lec-
ture? (You may learn best by skimming the material, going to lecture, and then
undertaking an in-depth reading.)

e 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
specific time of the day and stick to it.)

e 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 cooper-
ative 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 col-
lege 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 mis-
take, or how to avoid making it again, talk with your professor. Physics continu-
ally 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 con-
cepts for use on the next exam.



TO THE INSTRUCTOR

PREFACE

This book is the product of more than six decades of leadership and innovation in
physics education. When the first edition of University Physics by Francis W.
Sears and Mark W. Zemansky was published in 1949, it was revolutionary
among calculus-based physics textbooks in its emphasis on the fundamental prin-
ciples of physics and how to apply them. The success of University Physics with
generations of several million students and educators around the world is a testa-
ment to the merits of this approach, and to the many innovations it has introduced
subsequently.

In preparing this new Thirteenth Edition, we have further enhanced and
developed University Physics to assimilate the best ideas from education
research with enhanced problem-solving instruction, pioneering visual and
conceptual pedagogy, the first systematically enhanced problems, and the most
pedagogically proven and widely used online homework and tutorial system in
the world.

New to This Edition

e Included in each chapter, Bridging Problems provide a transition between the
single-concept Examples and the more challenging end-of-chapter problems.
Each Bridging Problem poses a difficult, multiconcept problem, which often
incorporates physics from earlier chapters. In place of a full solution, it
provides a skeleton Solution Guide consisting of questions and hints, which
helps train students to approach and solve challenging problems with
confidence.

* All Examples, Conceptual Examples, and Problem-Solving Strategies are
revised to enhance conciseness and clarity for today’s students.

¢ The core modern physics chapters (Chapters 38—41) are revised extensively
to provide a more idea-centered, less historical approach to the material.
Chapters 42—44 are also revised significantly.

¢ The fluid mechanics chapter now precedes the chapters on gravitation
and periodic motion, so that the latter immediately precedes the chapter on
mechanical waves.

¢ Additional bioscience applications appear throughout the text, mostly in the
form of marginal photos with explanatory captions, to help students see how
physics is connected to many breakthroughs and discoveries in the biosciences.

e The text has been streamlined for tighter and more focused language.

¢ Using data from MasteringPhysics, changes to the end-of-chapter content
include the following:
¢ 15%-20% of problems are new.

e The number and level of calculus-requiring problems has been increased.

* Most chapters include five to seven biosciences-related problems.

e The number of cumulative problems (those incorporating physics from
earlier chapters) has been increased.

e Over 70 PhET simulations are linked to the Pearson eText and provided in
the Study Area of the MasteringPhysics website (with icons in the print text).
These powerful simulations allow students to interact productively with the
physics concepts they are learning. PhET clicker questions are also included
on the Instructor Resource DVD.

¢ Video Tutors bring key content to life throughout the text:
¢ Dozens of Video Tutors feature ‘“pause-and-predict”” demonstrations of

key physics concepts and incorporate assessment as the student progresses
to actively engage the student in understanding the key conceptual ideas
underlying the physics principles.

Standard, Extended,
and Three-Volume Editions

With MasteringPhysics:

Standard Edition: Chapters 1-37
(ISBN 978-0-321-69688-5)
Extended Edition: Chapters 1-44
(ISBN 978-0-321-67546-0)

Without MasteringPhysics:

Standard Edition: Chapters 1-37
(ISBN 978-0-321-69689-2)

Extended Edition: Chapters 1-44
(ISBN 978-0-321-69686-1)
Volume 1: Chapters 1-20

(ISBN 978-0-321-73338-2)
Volume 2: Chapters 21-37

(ISBN 978-0-321-75121-8)

Volume 3: Chapters 37-44
(ISBN 978-0-321-75120-1)

xiii



PREFACE

* Every Worked Example in the book is accompanied by a Video Tutor
Solution that walks students through the problem-solving process, provid-
ing a virtual teaching assistant on a round-the-clock basis.

e All of these Video Tutors play directly through links within the Pearson
eText. Many also appear in the Study Area within MasteringPhysics.

Key Features of University Physics

* Deep and extensive problem sets cover a wide range of difficulty and exer-
cise both physical understanding and problem-solving expertise. Many prob-
lems are based on complex real-life situations.

e This text offers a larger number of Examples and Conceptual Examples than
any other leading calculus-based text, allowing it to explore problem-solving
challenges not addressed in other texts.

e A research-based problem-solving approach (Identify, Set Up, Execute,
Evaluate) is used not just in every Example but also in the Problem-Solving
Strategies and throughout the Student and Instructor Solutions Manuals and
the Study Guide. This consistent approach teaches students to tackle problems
thoughtfully rather than cutting straight to the math.

¢ Problem-Solving Strategies coach students in how to approach specific types
of problems.

* The Figures use a simplified graphical style to focus on the physics of a situa-
tion, and they incorporate explanatory annotation. Both techniques have
been demonstrated to have a strong positive effect on learning.

» Figures that illustrate Example solutions often take the form of black-and-
white pencil sketches, which directly represent what a student should draw in
solving such a problem.

e The popular Caution paragraphs focus on typical misconceptions and stu-
dent problem areas.

e End-of-section Test Your Understanding questions let students check their
grasp of the material and use a multiple-choice or ranking-task format to
probe for common misconceptions.

* Visual Summaries at the end of each chapter present the key ideas in words,
equations, and thumbnail pictures, helping students to review more effectively.

Instructor Supplements

Note: For convenience, all of the following instructor supplements (except for the
Instructor Resource DVD) can be downloaded from the Instructor Area, accessed
via the left-hand navigation bar of Mastering Physics (www.masteringphysics.com).

Instructor Solutions, prepared by A. Lewis Ford (Texas A&M University)
and Wayne Anderson, contain complete and detailed solutions to all end-of-
chapter problems. All solutions follow consistently the same Identify/Set Up/
Execute/Evaluate problem-solving framework used in the textbook. Download
only from the MasteringPhysics Instructor Area or from the Instructor
Resource Center (www.pearsonhighered.com/irc).

The cross-platform Instructor Resource DVD (ISBN 978-0-321-69661-8) pro-
vides a comprehensive library of more than 420 applets from ActivPhysics
OnLine as well as all line figures from the textbook in JPEG format. In addition,
all the key equations, problem-solving strategies, tables, and chapter summaries
are provided in editable Word format. In-class weekly multiple-choice questions
for use with various Classroom Response Systems (CRS) are also provided,
based on the Test Your Understanding questions in the text. Lecture outlines in
PowerPoint are also included along with over 70 PhET simulations.



MasteringPhysics® (www.masteringphysics.com) is the most advanced, educa-
tionally effective, and widely used physics homework and tutorial system in the
world. Eight years in development, it provides instructors with a library of exten-
sively pre-tested end-of-chapter problems and rich, multipart, multistep tutorials
that incorporate a wide variety of answer types, wrong answer feedback, individ-
ualized help (comprising hints or simpler sub-problems upon request), all driven
by the largest metadatabase of student problem-solving in the world. NSF-
sponsored published research (and subsequent studies) show that Mastering-
Physics has dramatic educational results. MasteringPhysics allows instructors to
build wide-ranging homework assignments of just the right difficulty and length
and provides them with efficient tools to analyze both class trends, and the work
of any student in unprecedented detail.

MasteringPhysics routinely provides instant and individualized feedback and
guidance to more than 100,000 students every day. A wide range of tools and
support make MasteringPhysics fast and easy for instructors and students to learn
to use. Extensive class tests show that by the end of their course, an unprece-
dented eight of nine students recommend MasteringPhysics as their preferred
way to study physics and do homework.

MasteringPhysics enables instructors to:

* Quickly build homework assignments that combine regular end-of-chapter
problems and tutoring (through additional multi-step tutorial problems that
offer wrong-answer feedback and simpler problems upon request).

* Expand homework to include the widest range of automatically graded activi-
ties available—from numerical problems with randomized values, through
algebraic answers, to free-hand drawing.

e Choose from a wide range of nationally pre-tested problems that provide
accurate estimates of time to complete and difficulty.

e After an assignment is completed, quickly identify not only the problems that
were the trickiest for students but the individual problem types where students
had trouble.

e Compare class results against the system’s worldwide average for each prob-
lem assigned, to identify issues to be addressed with just-in-time teaching.

e Check the work of an individual student in detail, including time spent on
each problem, what wrong answers they submitted at each step, how much
help they asked for, and how many practice problems they worked.

ActivPhysics OnLine™ (which is accessed through the Study Area within
www.masteringphysics.com) provides a comprehensive library of more than 420
tried and tested ActivPhysics applets updated for web delivery using the latest
online technologies. In addition, it provides a suite of highly regarded applet-
based tutorials developed by education pioneers Alan Van Heuvelen and Paul
D’ Alessandris. Margin icons throughout the text direct students to specific exer-
cises that complement the textbook discussion.

The online exercises are designed to encourage students to confront miscon-
ceptions, reason qualitatively about physical processes, experiment quantitatively,
and learn to think critically. The highly acclaimed ActivPhysics OnLine compan-
ion workbooks help students work through complex concepts and understand
them more clearly. More than 420 applets from the ActivPhysics OnLine library
are also available on the Instructor Resource DVD for this text.

The Test Bank contains more than 2,000 high-quality problems, with a range of
multiple-choice, true/false, short-answer, and regular homework-type questions.
Test files are provided both in TestGen (an easy-to-use, fully networkable pro-
gram for creating and editing quizzes and exams) and Word format. Download
only from the MasteringPhysics Instructor Area or from the Instructor Resource
Center (www.pearsonhighered.com/irc).

PREFACE
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PREFACE

Five Easy Lessons: Strategies for Successful Physics Teaching (ISBN 978-0-
805-38702-5) by Randall D. Knight (California Polytechnic State University, 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.

Student Supplements

The Study Guide by Laird Kramer reinforces the text’s emphasis on problem-
solving strategies and student misconceptions. The Study Guide for Volume 1
(ISBN 978-0-321-69665-6) covers Chapters 1-20, and the Study Guide for Vol-
umes 2 and 3 (ISBN 978-0-321-69669-4) covers Chapters 21-44.

The Student Solutions Manual by Lewis Ford (Texas A&M University) and
Wayne Anderson contains detailed, step-by-step solutions to more than half of
the odd-numbered end-of-chapter problems from the textbook. All solutions fol-
low consistently the same Identify/Set Up/Execute/Evaluate problem-solving
framework used in the textbook. The Student Solutions Manual for Volume 1
(ISBN 978-0-321-69668-7) covers Chapters 1-20, and the Student Solutions
Manual for Volumes 2 and 3 (ISBN 978-0-321-69667-0) covers Chapters 21-44.

®

) MasteringPhysics® (www.masteringphysics.com) is a homework, tutorial, and

assessment system based on years of research into how students work physics
problems and precisely where they need help. Studies show that students who use
MasteringPhysics significantly increase their scores compared to hand-written
homework. MasteringPhysics achieves this improvement by providing students
with instantaneous feedback specific to their wrong answers, simpler sub-problems
upon request when they get stuck, and partial credit for their method(s). This
individualized, 24/7 Socratic tutoring is recommended by nine out of ten students
to their peers as the most effective and time-efficient way to study.

Pearson eText is available through MasteringPhysics, either automatically when
MasteringPhysics is packaged with new books, or available as a purchased
upgrade online. Allowing students access to the text wherever they have access to
the Internet, Pearson eText comprises the full text, including figures that can be
enlarged for better viewing. With eText, students are also able to pop up defini-
tions and terms to help with vocabulary and the reading of the material. Students
can also take notes in eText using the annotation feature at the top of each page.

Pearson Tutor Services (www.pearsontutorservices.com). Each student’s subscrip-
tion to MasteringPhysics also contains complimentary access to Pearson Tutor Ser-
vices, powered by Smarthinking, Inc. By logging in with their MasteringPhysics ID
and password, students will be connected to highly qualified e-instructors who
provide additional interactive online tutoring on the major concepts of physics.
Some restrictions apply; offer subject to change.

( i ActivPhysics OnLine™ (which is accessed through the Study Area within

www.masteringphysics.com) provides students with a suite of highly regarded
applet-based tutorials (see above). The following workbooks help students work
through complex concepts and understand them more clearly.

ActivPhysics OnLine Workbook, Volume 1: Mechanics * Thermal Physics *
Oscillations & Waves (978-0-805-39060-5)

ActivPhysics OnLine Workbook, Volume 2: Electricity & Magnetism *
Optics * Modern Physics (978-0-805-39061-2)
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