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For more than five decades, Sears and Zemansky’s College Physics has provided the most 
reliable foundation of physics education for students around the world. New coauthors Phil 
Adams and Ray Chastain have thoroughly revised the Tenth Edition by incorporating the 

latest methods from educational research. New features help students develop greater confidence in 
solving problems, deepen conceptual understanding, and strengthen quantitative-reasoning skills, 
while helping them connect what they learn with their other courses. New media resources in 
MasteringPhysics create an unrivalled learning suite for students and instructors.

Bringing the best of physics education 
research to a trusted and classic text

NEW! An FAQ section, 
based on the everyday 
expectations of students, 
appears at the end of every 
chapter to answer common 
student questions drawn 
from the authors’ vast 
teaching experience. The 
FAQs provide additional 
instructional scaffolding in 
the transition from watching 
to doing. 

FREQUENTLY ASKED QUESTIONS

 Q: Can the net force on an object undergoing uniform circular mo-
tion ever be zero?

 A: No, there must be a net force pointing toward the center of mo-
tion. This force is needed to provide the necessary centripetal 
acceleration.

 Q: Is the centripetal acceleration always positive?

 A: No; its magnitude is positive but it is a vector, and as such, it must 
have x and y components, each of which may or may not be nega-
tive, depending on your choice of coordinate system.

 Q: Is the r in Newton’s law of gravitation (Equation 6.4) a radius?

 A: No! It represents the separation between the centers of two masses, 
m1 and m2.

 Q: Is the gravitational constant G similar to g? Does G also depend 
on the mass and radius of the earth?

 A: No; G is completely different from g! G is a universal constant of 
nature and does not depend on anything else.

 Q: Can I use Equation 6.8 for other orbital systems?

 A: Yes; you simply need to replace the earth’s mass with whatever 
central mass you are considering. For instance, to analyze the earth 
going around the sun, replace the earth’s mass with the sun’s mass 
and then r will be the distance to the center of the sun.

 Q: How do I put the mv2>r term into Newton’s second law when I am 
analyzing a uniform circular-motion problem?

 A: This term goes on the right-hand side of Newton’s second law 
with the appropriate sign, depending on your coordinate system. 
Remember that the centripetal acceleration must point toward the 
center of the motion.

NEW! LEARNING OUTCOMES at the beginning of 
each chapter give students a roadmap for learning and 
prepare them for the chapter contents. 

NEW! KEY EQUATIONS are followed by bulleted “Notes” 
to guide students through the math and help them relate 
quantitative expressions to qualitative concepts. 

Definition of average acceleration
The average acceleration aav of an object as it moves from x1 (at time t1) to x2 (at 
time t2) is a vector quantity whose x component is the ratio of the change in the x com-
ponent of velocity, ∆vx = v2x - v1x, to the time interval, ∆t = t2 - t1:

 aav, x =
v2x - v1x

t2 - t1
=

∆vx

∆t
 . (2.3)

Units: m>s2

Notes:

 velocity. Furthermore, if the object is slowing down, then it does not necessarily 
 follow that the acceleration is negative. Similarly, if the object is speeding up, it does 
not  necessarily follow that it has positive acceleration.

RESEARCH-BASED PEDAGOGY

By the end of this chapter, you will be able to:

 1. Draw a free-body diagram showing the forces 
acting on an individual object.

 2. Solve for unknown quantities (such as magni-
tudes of forces or accelerations) using Newton’s 
second law in problems involving an individual 
object or a system of objects connected to each 
other.

 3. Relate the force of friction acting on an  object 
to the normal force exerted on an object in 
 Newton’s second law problems.

 4. Use Hooke’s law to relate the magnitude of the 
spring force exerted by a spring to the distance 
from the equilibrium position the spring has 
been stretched or compressed.

B th



NEW! MORE MCAT 

PREPARATORY 

MATERIAL supports the 
revised MCAT releasing 
in 2015. In addition to 
more biological and 
medical applications, 
we’ve added 50% more 
MCAT-style passage 
problems to the end of 
chapter problem sets. 
All passage problems 
are either new or revised 
based on the 2015 MCAT 
guidelines. 

NEW! BRIDGING PROBLEMS 

influenced by physics education 
research appear at the end of each 
chapter to help students move from 
single-concept worked examples 
to multi-concept problems. These 
Bridging Problems are also included 
in MasteringPhysics as Video Tutor 
Solutions.

NEW! DATA PROBLEMS appear in each 
chapter. These typically context-rich data-
based reasoning problems require students 
to use experimental evidence, presented in 
a tabular or graphical format, to formulate 
conclusions. 

New and enhanced features

Bridging Problem

A 10 kg crate is being pulled across the floor by a cable, as shown 
in Figure 4.29. The friction force between the crate and the floor is 
f = 19.6 N, and the crate is accelerating to the right at 2 m>s2.  Determine 
(a) the component of the tension force along the direction of motion,  
(b) the magnitude of the tension force, (c) the component of the tension 
force perpendicular to the floor, and (d) the normal force on the crate.

Set Up
Choose an appropriate coordinate system for this problem.
Draw a free-body diagram for this system.
Calculate the x and y components of the forces acting on the crate.
Write down Newton’s second law for each direction.

Solve
Use Newton’s second law to solve for the component of the 
tension along the motion.
Calculate the magnitude of the tension force.
Calculate the component of the tension perpendicular to the floor.
Use Newton’s second law to solve for the normal force.

Reflect
What would happen to the crate if the tension was increased by a 
factor of 10?
How would the normal force change if the tension force was 
applied horizontally?
The normal force can be thought of as an “adjustable” force with a 
variable magnitude. For what purpose does the force adjust itself?
Explain your reasoning behind choosing the particular coordinate 
system you used for this problem.

◀ FIGURE 4.29 

ƒ
u 30°
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Video Tutor Solution

 53. || An astronaut uses a simple pendulum to measure the acceleration 
of gravity at the surface of a newly discovered planet. The length of 
the pendulum arm L can be varied between 0.1 m and 0.8 m. The 
astronaut measures the period of the pendulum motion at a variety 
of different arm lengths L. Her data are listed here:

L (m) Period (s)

0.10 0.48

0.22 0.71

0.45 1.02

0.58 1.16

0.75 1.32

  Referring to Equation 11.32 as a guide, make a linearized plot of 
the data by graphing the square of the period as a function of the 
pendulum arm length. Use a linear “best fit” to the data to determine 
the acceleration of gravity near the surface of the planet. 

DATA

Passage Problems

BIO Human moment of inertia. The 
moment of inertia of the human body 
about an axis through its center of mass 
is important in the application of bio-
mechanics to sports such as diving and 
gymnastics. We can measure the body’s 
moment of inertia in a particular posi-
tion while a person remains in that po-
sition on a horizontal turntable, with 
the body’s center of mass on the turnta-
ble’s rotational axis (Figure 10.80). The 
turntable with the person on it is then 
accelerated from rest by a torque pro-
duced by using a rope wound around 
a pulley on the shaft of the turntable. From the measured tension in the 
rope and the angular acceleration, we can calculate the body’s moment of 
inertia about an axis through its center of mass.
 69. The moment of inertia of the empty turntable is 1.5 kg # m2. With a 

constant torque of 2.5 N # m, the turntable–person system takes 3.0 s 
to spin from rest to an angular speed of 1.0 rad/s. What is the per-
son’s moment of inertia about an axis through her center of mass? 
Ignore friction in the turntable axle.

 A. 2.5 kg # m2

 B. 6.0 kg # m2

 C. 7.5 kg # m2

 D. 9.0 kg # m2

 70. While the turntable is being accelerated, the person suddenly ex-
tends her legs. What happens to the turntable?

▲ FIGURE 10.80  
Problems 69–72.

EXAMPLE 2.5 Passing speed

In this first example of constant accelerated motion, we will simply consider a car that is initially traveling 
along a straight stretch of highway at 15 m>s. At t = 0 the car begins to accelerate at 2.0 m>s2 in order to 
pass a truck. What is the velocity of the car after 5.0 s have elapsed?

SOLUTION

SET UP Figure 2.18 shows what we draw. We take the origin of coor-
dinates to be at the initial position of the car, where vx = v0x and t = 0, 
and we let the +x direction be the direction of the car’s initial velocity. 
With this coordinate system, v0x = +15 m>s and ax = +2.0 m>s2.

SOLVE The acceleration is constant during the 5.0 s time interval, so 
we can use Equation 2.6 to find vx:

  vx = v0x + ax t = 15 m>s + 12.0 m>s2215.0 s2
  = 15 m>s + 10 m>s = 25 m>s.

REFLECT The velocity and acceleration are in the same direction, so 
the speed increases. An acceleration of 2.0 m>s2 means that the velocity 

increases by 2.0 m>s every second, so in 5.0 s the velocity increases by 
10 m>s.

Practice Problem: If the car maintains its constant acceleration, how 
much additional time does it take the car to reach a velocity of 35 m>s? 
Answer: 5.0 s.

▲ FIGURE 2.18 The diagram we draw for this problem.

Video Tutor Solution

DEVELOP CONCEPTUAL UNDERSTANDING  
AND PROBLEM SOLVING SKILLS

WORKED EXAMPLE SOLUTIONS 

emphasize the steps and decisions 
students often skip. Most worked 
examples include pencil sketches that 
show exactly what students should 
draw in the set-up step of solving the 
problem. All of these sketches have 
been revised for this edition. Examples 
end with a Practice Problem, which 
provides support so that students can 
begin to tackle problems on their own. 
Practice Problems are assignable in 
MasteringPhysics for reinforcement. 



MasteringPhysics® from Pearson is the leading online homework, tutorial, and assessment 
system, designed to improve results by engaging students before, during, and after class with 
powerful content. Instructors can now ensure that students arrive ready to learn by assigning 

educationally effective content before class, and encourage critical thinking and retention with  
in-class resources such as Learning Catalytics. Students can further master concepts after class through 
traditional and adaptive homework assignments that provide hints and answer-specific feedback. The 
Mastering gradebook records scores for all automatically graded assignments in one place, while 
diagnostic tools give instructors access to rich data to assess student understanding and misconceptions. 

Mastering brings learning full circle by continuously adapting to each student and making learning more 
personal than ever—before, during, and after class.

BEFORE CLASS

DURING CLASS

LEARNING CATALYTICS™ is a “bring your 
own device” student engagement, assessment, 
and classroom intelligence system. With 
Learning Catalytics you can:

 Assess students in real time, using 
open-ended tasks to probe student 
understanding.
 Understand immediately where students 
are and adjust your lecture accordingly.
 Improve your students’ critical-thinking 
skills.
 Access rich analytics to understand stu-
dent performance.
 Add your own questions to make Learning 
Catalytics fit your course exactly.
 Manage student interactions with intelli-
gent grouping and timing. 

PRE-LECTURE CONCEPT 

QUESTIONS check familiarity with 
key concepts, prompting students 
to do their assigned reading prior 
to coming to class. These quizzes 
keep students on track, keep them 
more engaged in lecture, and help 
you spot the concepts with which 
they have the most difficulty. 
Open-ended essay questions help 
students identify what they find 
most difficult about a concept, 
better informing you and assisting 
with “just-in-time” teaching.

INTERACTIVE PRE-

LECTURE VIDEOS address 
the rapidly-growing movement 
toward pre-lecture teaching 
and flipped classrooms. 
These videos provide a 
conceptual introduction 
to key topics. Embedded 
assessment helps students 
to prepare before lecture and 
instructors to identify student 
misconceptions. 

Personalize learning with MasteringPhysics 
before, during, and after class



AFTER CLASS

TUTORIALS featuring specific wrong-answer 
feedback, hints, and a wide variety of educationally 
effective content guide your students through the 
toughest topics in physics. The hallmark Hints and 
Feedback offer instruction similar to what students 
would experience in an office hour, allowing them  
to learn from their mistakes without being given  
the answer. 

  ADAPTIVE FOLLOW-UPS are personalized 
assignments that pair Mastering’s powerful 
content with Knewton’s adaptive learning 
engine to provide personalized help to 
students. These assignments address 
common student misconceptions and 
topics students struggled with on assigned 
homework, including core prerequisite topics. 

VIDEO TUTOR DEMONSTRATIONS, available 
in the Study Area and in the Item Library and 
accessible by QR code in the textbook, feature 
“pause-and-predict” demonstrations of key physics 
concepts as assessment to engage students 
actively in understanding key concepts. New VTDs 
build on the existing collection, adding new topics 
for a more robust set of demonstrations. 

  VIDEO TUTOR SOLUTIONS are tied to each worked 
example and Bridging Problem in the textbook and 
can be accessed through MasteringPhysics or from QR 
codes in the textbook. They walk students through the 
problem-solving process, providing a virtual teaching 
assistant on a round-the-clock basis. 
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To the Student

How to Succeed in Physics

“Is physics hard? Is it too hard for me?” Many students are apprehensive about their 
physics course. However, while the course can be challenging, almost certainly it is not too 
hard for you. If you devote time to the course and use that time wisely, you can succeed.

Here’s how to succeed in physics.

1. Spend time studying. The rule of thumb for college courses is that you should expect 
to study about 2 to 3 hours per week for each unit of credit, in addition to the time you 
spend in class. And budget your time: 3 hours every other day is much more effective 
than 33 hours right before the exam.

The good news is that physics is consistent. Once you’ve learned how to tackle one 
topic, you’ll use the same study techniques to tackle the rest of the course. So if you find 
you need to give the course extra time at first, do so and don’t worry—it’ll pay dividends 
as the course progresses.

 2. Don’t miss class. Yes, you could borrow a friend’s notes, but listening and participating 
in class are far more effective. Of course, participating means paying active attention, 
and interacting when you have the chance!

 3. Make this book work for you. This text is packed with decades of teaching experi-
ence—but to make it work for you, you must read and use it actively. Think about what 
the text is saying. Use the illustrations. Try to solve the Examples and the Quantitative 
and Conceptual Analysis problems on your own, before reading the solutions. If you 
underline, do so thoughtfully and not mechanically.

A good practice is to skim the chapter before going to class to get a sense for the 
topic, and then read it carefully and work the examples after class.

4. Approach physics problems systematically. While it’s important to attend class and 
use the book, your real learning will happen mostly as you work problems—if you 
approach them correctly. Physics problems aren’t math problems. You need to approach 
them in a different way. (If you’re “not good at math,” this may be good news for you!) 
What you do before and after solving an equation is more important than the math itself. 
The worked examples in this book help you develop good habits by consistently follow-
ing three steps—Set Up, Solve, and Reflect. (In fact, this global approach will help you 
with problem solving in all disciplines—chemistry, medicine, business, etc.)

5. Use campus resources. If you get stuck, get help. Your professor probably has office 
hours and email; use them. Use your TA or campus tutoring center if you have one. 
Partner with a friend to study together. But also try to get unstuck on your own before 
you go for help. That way, you’ll benefit more from the help you get.

So remember, you can succeed in physics. Just devote time to the job, work lots of 
problems, and get help when you need it. Your book is here to help. Have fun!

SET UP 
Think about the physics involved in the 
situation the problem describes. What 
information are you given and what do you 
need to find out? Which physics principles 
do you need to apply? Almost always you 
should draw a sketch and label it with the 
relevant known and unknown informa-
tion. (Many of the worked examples in 
this book include hand-drawn sketches to 
coach you on what to draw.)

SOLVE
Based on what you did in Set Up, identify 
the physics and appropriate equation or 
equations and do the algebra. Because you 
started by thinking about the physics (and 
drawing a diagram), you’ll know which 
physics equations apply to the situation—
you’ll avoid the “plug and pray” trap of 
picking any equation that seems to have 
the right variables.

REFLECT
Once you have an answer, ask yourself 
whether it is plausible. If you calcu-
lated your weight on the Moon to be 
10,423 kg—you must have made a mistake 
somewhere! Next, check that your answer 
has the right units. Finally, think about 
what you learned from the problem that 
will help you later.
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Preface

College Physics, a successful textbook for over half a century, places equal emphasis on 
conceptual, qualitative, and quantitative understanding. This classic text gives students a 
solid understanding of the fundamentals, helps them develop critical thinking, quantita-
tive reasoning, and problem-solving skills, and sparks interest in physics with real-world 
applications. Informed by physics education research, this edition emphasizes solving 
problems, achieving learning outcomes, and applying physics to the real world.

This text provides a comprehensive introduction to physics. It is intended for students 
whose mathematics preparation includes high-school algebra and trigonometry but not cal-
culus. The complete text may be taught in a two-semester or three-quarter course, and the 
book is also adaptable to a wide variety of shorter courses.

New to This Edition

Chapter 0 (Mathematics Review) includes a new section on working with data and 
graphs and solving data-based problems.

Learning outcomes at the beginning of each chapter provide a map to achieving mea-
surable results after studying the chapter.

Easy-to-find boxed equations streamline the presentation. Key equations are followed 
by “notes” that guide students through the math and help them relate quantitative 
expressions to qualitative concepts.

Additional practice problems accompany worked examples, giving students extra 
scaffolding to prepare them for doing homework.

Streamlined and improved design. The tenth edition is more concise than previous 
editions and now features an open, inviting presentation.

Over 60 biosciences-related applications, 20 of which are new to this edition, high-
light ways in which physics is manifested in the life sciences, from why plants are green 
to new techniques for imaging the brain.

FAQ sections at the end of every chapter address the most common student questions. 
These questions are drawn from the authors’ decades of teaching experience.

Each end-of-chapter problem set has been carefully curated:
More than 15% of the problems are new.
New data-based problems in every chapter, identified with a DATA icon.
Bridging Problems provide scaffolding for students as they transition from single-
concept worked examples to more challenging end-of-chapter problems.
50% more MCAT-style passage problems. Every passage problem is either new 
or revised to prepare students for the 2015 MCAT changes. Most of these passage 
problems are life science-based.

The addition of new biological and biomedical real-world applications and problems 
gives this edition more coverage in the life sciences than nearly every other book on the 
market. BIO icons mark the location of life science-specific material.
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Over 70 PhET simulations are linked to the Pearson eText and are 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:
Over 50 Video Tutor Demonstrations feature interactive “pause-and-predict” 
demonstrations of key concepts. The videos actively engage students and help 
uncover misconceptions.
Video Tutor Solutions accompany every Worked Example and Bridging 
 Problem in the book. These narrated videos walk students through the problem-
solving process, acting as a virtual teaching assistant on a round-the-clock basis. 
Students can access the Video Tutor Solutions using QR codes conveniently placed 
in the text, through links in the eText, or through the study area within Mastering-
Physics.

Assignable MasteringPhysics activities are based on the Pause and Predict Video 
Tutors and PhET simulations.

Video Tutor Demonstrations with assessment allow the student to extend their 
understanding by answering a follow-up question.
PhET tutorials prompt students to explore the PhET simulations and use them 
to answer questions and solve problems, helping them to make  connections between 
real life phenomena and the underlying physics that explains such phenomena.

Key Features of College Physics

A systematic approach to problem solving. To solve problems with confidence, stu-
dents must learn to approach problems effectively at a global level, must understand the 
physics in question, and must acquire the specific skills needed for particular types of prob-
lems. The Tenth Edition provides research-proven tools for students to tackle each goal.

Bridging Problems and additional Practice Problems provide extra support 
for students as they learn to solve problems in physics.

worked example follows a consistent and explicit global problem-solving 
strategy drawn from educational research. This three-step approach puts special 
emphasis on how to set up the problem before trying to solve it, and the importance 
of how to reflect on whether the answer is sensible.

often skip. Worked examples include new pencil diagrams: hand-drawn diagrams 
that show exactly what a student should draw in the set up step of solving the prob-
lem. Also included are practice problems for the worked examples. These practice 
problems are now assignable in MasteringPhysics.

Conceptual Analysis and Quantitative Analysis problems help students practice their 
qualitative and quantitative understanding of the physics. The Quantitative Analysis 
problems focus on skills of quantitative and proportional reasoning—skills that are key 
to success on the MCATs. The CAs and QAs use a multiple-choice format to elicit spe-
cific common misconceptions. Many of the CAs and QAs in the tenth edition are new 
or revised.

Problem-solving strategies sections walk students through tactics for tackling particu-
lar types of problems—such as problems requiring Newton’s second law or energy con-
servation—and follow the same 3-step global approach (set up, solve, and reflect).
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Highly effective figures incorporate the latest ideas from educational research. 
Color is used only for strict pedagogical purposes—for instance, in mechanics, color is 
used to identify the object of interest, while all other objects are gray. Blue annotated 
comments guide students in “reading” graphs and figures.

Visual chapter summaries show each concept in words, math, and figures to reinforce 
how to “translate” between different representations and address different student learn-
ing styles.

Rich and diverse end-of-chapter problem sets. College Physics features the 
 renowned Sears/Zemansky problems, refined over five decades. We’ve used data from 
MasteringPhysics to identify the strongest and most successful problems to retain for 
the tenth edition and we’ve added new problems. More than 15% of problems are new 
to this edition.

multiple-choice problems that test the skills developed 
by the Qualitative Analysis and Quantitative Analysis problems in the chapter text. The 
multiple-choice format elicits specific common misconceptions, enabling students to 
pinpoint their misunderstandings.

context-rich problems that require students to 
simplify and model more complex real-world situations. Many problems relate to the 
fields of biology and medicine; these are all labeled BIO.

Each retained Passage Problem has been revised to prepare students for the 2015 MCAT 
revision.

Connections of physics to the student’s world. Even more in-margin applications pro-
vide diverse, interesting, and self-contained examples of physics at work in the world. 
Many of these real-world applications are related to the fields of biology and medicine 
and are labeled BIO.

Writing that is easy to follow and rigorous. The writing is friendly yet focused; it con-
veys an exact, careful, straightforward understanding of the physics, with an emphasis 
on the connections between concepts.

Instructor Supplements

Note: For convenience, all of the following instructor supplements can be downloaded from the 
Instructor Area, accessed via the top navigation bar of MasteringPhysics (www.masteringphysics 
.com).

Instructor Solutions, prepared by A. Lewis Ford (Texas A&M University) and Forrest 
Newman (Sacramento City College) contain complete and detailed solutions to all end-of-
chapter problems. All solutions follow consistently the same Set Up/Solve/Reflect problem-
solving framework used in the textbook. Download only from the MasteringPhysics Instructor 
Area or from the Instructor Resource Center (www.pearsonglobaleditions.com/Young).

The cross-platform Instructor Resource Material provides 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. Lecture outlines in 
PowerPoint are also included, along with over 70 PhET simulations as well as Video Tutor 
Demonstrations and Video Tutor Solutions.

MasteringPhysics® (www.masteringphysics.com) is the most advanced, education-
ally effective, and widely used physics homework and tutorial system in the world. Eight 
years in development, it provides instructors with a library of extensively pre-tested  
end-of-chapter problems and rich, multipart, multistep tutorials that incorporate a wide 
variety of answer types, wrong answer feedback, individualized help (comprising hints 

http://www.masteringphysics.com
http://www.masteringphysics.com
http://www.pearsonglobaleditions.com/Young
http://www.masteringphysics.com
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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 stud-
ies) show that MasteringPhysics 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 guid-
ance to more than 100,000 students every day. A wide range of tools and support makes 
MasteringPhysics fast and easy for instructors and students to learn to use. Extensive class 
tests show that by the end of their course, an unprecedented eight of nine students recom-
mend MasteringPhysics as their preferred way to study physics and do homework.

MasteringPhysics enables instructors to:

and tutoring (through additional multistep tutorial problems that offer wrong-answer 
feedback and simpler problems upon request).

 available—from numerical problems with randomized values, through algebraic 
 answers, to free-hand drawing.

 estimates of time to complete and difficulty.

trickiest for students but the individual problem types where students had trouble.

 assigned, to identify issues to be addressed with just-in-time teaching.

what wrong answers they submitted at each step, how much help they asked for, and 
how many practice problems they worked.

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 program for creating and  editing 
quizzes and exams) and Word format. Download only from the MasteringPhysics Instructor 
Area or from the Instructor Resource Center (www.pearsonglobaleditions.com/Young).

New to MasteringPhysics

-
ductions to key topics before class. In addition to interactive engagement, each video 
includes assessment that feeds to the gradebook and alerts the instructor to potential 
trouble spots for students.

mimic the worked example. The Practice Problems serve as scaffolding that leads to 
more challenging problems.

what they learned by viewing and interacting with the demonstration.

Student Supplements

MasteringPhysics® (www.masteringphysics.com) is a homework, tutorial, and assess-
ment 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 sig-
nificantly increase their scores compared to hand-written homework. MasteringPhysics 

http://www.pearsonglobaleditions.com/Young
http://www.masteringphysics.com
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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. Allowing students access to the 
text wherever they have access to the Internet, Pearson eText comprises the full text, in-
cluding figures that can be enlarged for better viewing. With eText, students are also able 
to pop up definitions and terms to help with vocabulary and the reading of the material. 
Students can also take notes in eText by using the annotation feature at the top of each page.

Acknowledgments

The production of this textbook was truly a collaborative effort, involving authors, editors, 
students, colleagues, and family. We are indebted to Nancy Whilton and Cathy Murphy for 
helping us develop a vision of how the textbook could be transformed and then providing 
the editorial support we needed to get through the intricacies of the revisions. We’d like 
to thank Jennifer Yeh for contributing the new bio applications and Elizabeth George for 
revising the Passage Problems and preparing many new problems. Of course, I must also 
thank my colleagues in the LSU Department of Physics and Astronomy for the countless 
discussions, meetings, and arguments that have helped me better understand the goals and 
challenges of introductory physics education. Finally, I owe a particular debt of gratitude 
to my partner Elsie Michie, who provided steady encouragement through the long process, 
and to my daughters Emily, Sarah, and Molly, who, as always, helped me keep it all in 
perspective.

—P.W.A.

I would like to thank the many colleagues and students I have had the opportunity to work 
with over the years who have helped me develop both my understanding of physics and 
my ideas on pedagogy. I would particularly like to thank Jim Giammanco and Dr. Dana 
Browne at LSU for providing wonderful insight and guidance on teaching at the college 
level. I would also like to thank Carie Addis for recommending me for this project and 
Cathy Murphy, Chandrika Madhavan, and Nancy Whilton for their steady hand in helping 
to shepherd us through the process. As always, I am incredibly thankful for the love and 
support of my wife Laura and son Aiden.

—R.J.C.

Pearson would like to thank and acknowledge Najeh M. Jisrawi, University of Sharjah, 
for contributing to the Global Edition, and Girish S. Setlur, Indian Institute of Technol-
ogy Guwahati, S.K. Varshney, Indian Institute of Technology Kharagpur, and Abhinandan 
Basu, Jawaharlal Nehru University for reviewing the Global Edition.



22

Susmita Acharya, Cardinal Stritch University
Miah Adel, University of Arkansas, Pine Bluff
Hamid Aidinejad, Florida Community College, Jacksonville
Ugur Akgun, Coe College
Alice Hawthorne Allen, Virginia Tech
Jim Andrews, Youngstown State University
Sanjeev Arora, Fort Valley State University
Charles Bacon, Ferris State University
Jennifer Blue, Miami University
Thomas Bolland, Ohio State University
Richard Bone, Florida International University
Phillip Broussard, Covenant College
David Cardimona, University of New Mexico
Young Choi, University of Pittsburgh
Orion Ciftja, Prairie View A&M University
David Cinabro, Wayne State University
David Cole, Northern Arizona University
Dennis Collins, Grossmont College
Douglas Davidson, Black Hawk College
Lloyd Davis, Montreat College
Diana Driscoll, Case Western Reserve University
Laurencin Dunbar, St. Louis Community College,  

Florissant Valley
Alexander Dzyubenko, California State University, Bakersfield
Robert Ehrlich, George Mason University
Mark Fair, Grove City College
Gregory Falabella, Wagner College
Xiaojuan Fan, Marshall University
Shamanthi Fernando, Northern Kentucky University
Len Feuerhelm, Oklahoma Christian University
Lewis Ford, Texas A&M University
Mario Freamat, Miami University
Carl Frederickson, University of Central Arkansas
Karl Frinkle, Southeastern Oklahoma State University
Mikhail Goloubev, Bowie State University
Juan Gomez, Bainbridge State College
Alan Grafe, University of Michigan, Flint
William Gregg, Louisiana State University
John Gruber, San Jose State University
Robert Hagood, Washtenaw Community College
Ajawad Haija, Indiana University of Pennsylvania
Scott Hildreth, Chabot College
Andy Hollerman, University of Louisiana, Lafayette
Klaus Honscheid, Ohio State University
John Hubisz, North Carolina State University
Manuel Huerta, University of Miami
Todd Hurt, Chatham College
Shawn Jackson, University of Arizona
Charles Johnson, South Georgia State College
Adam Johnston, Weber State University
Roman Kezerashvili, New York City College of Technology
Ju Kim, University of North Dakota
Jeremy King, Clemson University
David Klassen, Rowan University
Ichishiro Konno, University of Texas, San Antonio
Ikka Koskelo, San Francisco State University
Todd Leif, Cloud County Community College
Jon Levin, University of Kentucky

David Lind, Florida State University
Dean Livelybrooks, University of Oregon, Eugene
Estella Llinas, University of Pittsburgh, Greensburg
Craig Loony, Merrimack College
Rafael Lopez-Mobilia, University of Texas, San Antonio
Barbra Maher, Red Rocks Community College
Dan Mazilu, Virginia Tech
Randy McKee, Tallahassee Community College
Larry McRae, Berry College
William Mendoza, Jacksonville University
Anatoli Mirochnitchenko, University of Toledo
Antonio Mondragon, Colorado College
Charles Myles, Texas Tech University
Austin Napier, Tufts University
Erin O’Connor, Allan Hancock College
Christine O’Leary, Wallace State College
Giovanni Ossola, New York City College  

of Technology, CUNY
Jason Overby, College of Charleston
James Pazun, Pfeiffer University
Unil Perera, Georgia State University
David Potter, Austin Community College
Michael Pravica, University of Nevada, Las Vegas
Milun Rakovic, Grand Valley State University
Ian Redmount, Saint Louis University
William Robinson, North Carolina State University
Sal Rodano, Harford Community College
Rob Salgado, Dillard University
Desi Saludes, Hillsborough Community College
Tumer Sayman, Eastern Michigan University
Surajit Sen, SUNY Buffalo
Bart Sheinberg, Houston Community College
Natalia Sidorovskaia, University of Louisiana
Chandralekha Singh, University of Pittsburgh
Marlina Slamet, Sacred Heart University
Daniel Smith, South Carolina State University
Gordon Smith, Western Kentucky University
Kenneth Smith, Pennsylvania State University
Zhiyan Song, Savannah State University
Sharon Stephenson, Gettysburg College
Chuck Stone, North Carolina A&T State University
George Strobel, University of Georgia
Chun Fu Su, Mississippi State University
Brenda Subramaniam, Cypress College
Mike Summers, George Mason University
Eric Swanson, University of Pittsburgh
Colin Terry, Ventura College
Vladimir Tsifrinovich, Polytechnic University
Gajendra Tulsian, Daytona Beach Community College
Paige Uozts, Lander University
James Vesenka, University of New England
Walter Wales, University of Pennsylvania
John Wernegreen, Eastern Kentucky University
Dan Whitmire, University of Louisiana, Lafayette
Sue Willis, Northern Illinois University
Jaehoon Yu, University of Texas, Arlington
Nouredine Zettili, Jacksonville State University
Bin Zhang, Arkansas State University

Reviewers and Classroom Testers

REVIEWERS AND CLASSROOM TESTERS



23

Detailed Contents

  0 Mathematics Review  29

 0.1 Exponents 30

 0.2 Scientific Notation and Powers of 10 31

 0.3 Algebra 32

 0.4 Direct, Inverse, and Inverse-Square 
Relationships 34

 0.5 Data-Driven Problems 37

 0.6 Logarithmic and Exponential Functions 40

 0.7 Areas and Volumes 41

 0.8 Plane Geometry and Trigonometry 41

  1 Models, Measurements,  

and Vectors  45

 1.1 Introduction 46

 1.2 Idealized Models 47

 1.3 Standards and Units 48

 1.4 Dimensional Consistency and Unit 
Conversions 50

 1.5 Precision and Significant Figures 53

 1.6 Estimates and Orders of Magnitude 54

 1.7 Vectors and Vector Addition 55

 1.8 Components of Vectors 59

  2 Motion Along  

a Straight Line  71

 2.1 Displacement and Average Velocity 72

 2.2 Instantaneous Velocity 75

 2.3 Average and Instantaneous 
Acceleration 79

 2.4 Motion with Constant Acceleration 83

 2.5 Proportional Reasoning 90

 2.6 Freely Falling Objects 92

 2.7 Relative Velocity Along a Straight Line 95

  3 Motion in a Plane  108

 3.1 Velocity in a Plane 109

 3.2 Acceleration in a Plane 111

 3.3 Projectile Motion 114

 3.4 Uniform Circular Motion 124

 3.5 Relative Velocity in a Plane 127

  4 Newton’s Laws  

of Motion  138

 4.1 Force 139

 4.2 Newton’s First Law 141

 4.3 Mass and Newton’s Second Law 143

 4.4 Mass and Weight 148

 4.5 Newton’s Third Law 151

 4.6 Free-Body Diagrams 154



24

  5 Applications of Newton’s 

Laws 165

 5.1 Equilibrium of a Particle 165

 5.2 Applications of Newton’s Second Law 171

 5.3 Contact Forces and Friction 175

 5.4 Elastic Forces 183

 5.5 Forces in Nature 185

  6 Circular Motion and 

Gravitation  196

 6.1 Force in Circular Motion 196

 6.2 Motion in a Vertical Circle 203

 6.3 Newton’s Law of Gravitation 205

 6.4 Weight 208

 6.5 Satellite Motion 211

  7 Work and Energy  223

 7.1 An Overview of Energy 224

 7.2 Work 228

 7.3 Work and Kinetic Energy 232

 7.4 Work Done by a Varying Force 236

 7.5 Potential Energy 238

 7.6 Conservation of Energy 243

 7.7 Conservative and Nonconservative 
Forces 248

 7.8 Power 251

  8 Momentum  264

 8.1 Momentum 265

 8.2 Conservation of Momentum 267

 8.3 Inelastic Collisions 272

 8.4 Elastic Collisions 277

 8.5 Impulse 280

 8.6 Center of Mass 283

 8.7 Motion of the Center of Mass 285

 8.8 Rocket Propulsion 286

  9 Rotational Motion  299

 9.1 Angular Velocity and Angular 
Acceleration 299

 9.2 Rotation with Constant Angular 
Acceleration 303

 9.3 Relationship Between Linear and Angular 
Quantities 305

 9.4 Kinetic Energy of Rotation and Moment  
of Inertia 310

 9.5 Rotation About a Moving Axis 315

10 Dynamics of Rotational 

Motion 326

 10.1 Torque 327

 10.2 Torque and Angular Acceleration 329

 10.3 Work and Power in Rotational Motion 336

 10.4 Angular Momentum 338

 10.5 Conservation of Angular Momentum 340

 10.6 Equilibrium of a Rigid Body 344

 10.7 Vector Nature of Angular Quantities 350

11 Elasticity and Periodic 

Motion  365

 11.1 Stress, Strain, and Elastic  
Deformations 366

 11.2 Periodic Motion 373

 11.3 Energy in Simple Harmonic Motion 376

 11.4 Equations of Simple Harmonic Motion 379

 11.5 The Simple Pendulum 385

 11.6 Damped and Forced Oscillations 387



25

12 Mechanical Waves and 

Sound  397

 12.1 Mechanical Waves 398

 12.2 Periodic Mechanical Waves 399

 12.3 Wave Speeds 401

 12.4 Mathematical Description of a Wave 403

 12.5 Reflections and Superposition 405

 12.6 Standing Waves and Normal Modes 406

 12.7 Longitudinal Standing Waves 412

 12.8 Interference 415

 12.9 Sound and Hearing 417

 12.10 Sound Intensity 418

 12.11 Beats 421

 12.12 The Doppler Effect 422

 12.13 Applications of Acoustics 426

 12.14 Musical Tones 427

13 Fluid Mechanics  437

 13.1 Density 438

 13.2 Pressure in a Fluid 439

 13.3 Archimedes’s Principle: Buoyancy 446

 13.4 Surface Tension and Capillarity 449

 13.5 Fluid Flow 452

 13.6 Bernoulli’s Equation 454

 13.7 Applications of Bernoulli’s Equation 457

 13.8 Real Fluids: Viscosity and Turbulence 459

14 Temperature and Heat  469

 14.1 Temperature and Thermal Equilibrium 470

 14.2 Temperature Scales 471

 14.3 Thermal Expansion 474

 14.4 Heat Energy 479

 14.5 Phase Changes 482

 14.6 Calorimetry 485

 14.7 Heat Transfer 487

 14.8 Solar Energy and Resource 
Conservation 493

15 Thermal Properties  

of Matter  503

 15.1 The Mole and Avogadro’s Number 504

 15.2 Equations of State 505

 15.3 Kinetic Theory of an Ideal Gas 512

 15.4 Heat Capacities 517

 15.5 The First Law of Thermodynamics 519

 15.6 Thermodynamic Processes 527

 15.7 Properties of an Ideal Gas 529

16 The Second Law of 

Thermodynamics  541

 16.1 Directions of Thermodynamic 
Processes 541

 16.2 Heat Engines 543

 16.3 Internal Combustion Engines 546

 16.4 Refrigerators 547

 16.5 The Second Law of Thermodynamics 550

 16.6 The Carnot Engine: The Most Efficient  
Heat Engine 552

 16.7 Entropy 555

 16.8 The Kelvin Temperature Scale 560

 16.9 Energy Resources: A Case Study in 
Thermodynamics 561



26

17 Electric Charge and  

Electric Field  569

 17.1 Electric Charge 570

 17.2 Conductors and Insulators 572

 17.3 Conservation and Quantization of 
Charge 574

 17.4 Coulomb’s Law 575

 17.5 Electric Field and Electric Forces 581

 17.6 Calculating Electric Fields 583

 17.7 Electric Field Lines 587

 17.8 Gauss’s Law and Field Calculations 588

 17.9 Charges on Conductors 594

18 Electric Potential and 

Capacitance  606

 18.1 Electric Potential Energy 607

 18.2 Potential 611

 18.3 Equipotential Surfaces 616

 18.4 Capacitors 619

 18.5 Capacitors in Series and in Parallel 622

 18.6 Electric-Field Energy 625

 18.7 Dielectrics 627

19 Current, Resistance, and  

Direct-Current Circuits  639

 19.1 Current 640

 19.2 Resistance and Ohm’s Law 641

 19.3 Electromotive Force and Circuits 646

 19.4 Energy and Power in Electric Circuits 650

 19.5 Resistors in Series and in Parallel 652

 19.6 Kirchhoff’s Rules 656

 19.7 Electrical Measuring Instruments 661

 19.8 Resistance–Capacitance Circuits 662

 19.9 Physiological Effects of Currents 663

 19.10 Power Distribution Systems 665

20 Magnetic Field and  

Magnetic Forces  677

 20.1 Magnetism 678

 20.2 Magnetic Field and Magnetic Force 680

 20.3 Motion of Charged Particles in a Magnetic 
Field 685

 20.4 Mass Spectrometers 688

 20.5 Magnetic Force on a Current-Carrying 
Conductor 689

 20.6 Force and Torque on a Current Loop 691

 20.7 Magnetic Field of a Long, Straight 
Conductor 695

 20.8 Force Between Parallel Conductors 697

 20.9 Current Loops and Solenoids 698

 20.10 Magnetic-Field Calculations 701

 20.11 Magnetic Materials 702

21 Electromagnetic  

Induction  714

 21.1 Induction Experiments 715

 21.2 Magnetic Flux 716

 21.3 Faraday’s Law 717

 21.4 Lenz’s Law 722

 21.5 Motional Electromotive Force 724

 21.6 Eddy Currents 726

 21.7 Mutual Inductance 728

 21.8 Self-Inductance 730

 21.9 Transformers 732

 21.10 Magnetic-Field Energy 734

 21.11 The R–L Circuit 736

 21.12 The L–C Circuit 739



27

22 Alternating Current  751

 22.1 Phasors and Alternating Currents 752

 22.2 Resistance and Reactance 755

 22.3 The Series R–L–C Circuit 760

 22.4 Power in Alternating-Current Circuits 764

 22.5 Series Resonance 766

23 Electromagnetic Waves  775

 23.1 Introduction to Electromagnetic Waves 776

 23.2 Speed of an Electromagnetic Wave 776

 23.3 The Electromagnetic Spectrum 778

 23.4 Sinusoidal Waves 780

 23.5 Energy in Electromagnetic Waves 783

 23.6 Nature of Light 787

 23.7 Reflection and Refraction 789

 23.8 Total Internal Reflection 794

 23.9 Dispersion 796

 23.10 Polarization 798

 23.11 Huygens’s Principle 803

24 Geometric Optics  814

 24.1 Reflection at a Plane Surface 815

 24.2 Reflection at a Spherical Surface 817

 24.3 Graphical Methods for Mirrors 823

 24.4 Refraction at a Spherical Surface 826

 24.5 Thin Lenses 830

 24.6 Graphical Methods for Lenses 836

25 Optical Instruments 847

 25.1 The Camera 847

 25.2 The Eye 850

 25.3 The Magnifier 855

 25.4 The Microscope 857

 25.5 Telescopes 858

26 Interference and  

Diffraction  868

 26.1 Interference and Coherent Sources 869

 26.2 Two-Source Interference of Light 871

 26.3 Interference in Thin Films 875

 26.4 Diffraction 879

 26.5 Diffraction from a Single Slit 881

 26.6 Multiple Slits and Diffraction Gratings 885

 26.7 X-Ray Diffraction 888

 26.8 Circular Apertures and Resolving 
Power 889

 26.9 Holography 893

27 Relativity  902

 27.1 Invariance of Physical Laws 903

 27.2 Relative Nature of Simultaneity 906

 27.3 Relativity of Time 908

 27.4 Relativity of Length 912

 27.5 The Lorentz Transformation 916

 27.6 Relativistic Momentum 920

 27.7 Relativistic Work and Energy 923

 27.8 Relativity and Newtonian Mechanics 926

28 Photons, Electrons,  

and Atoms  936

 28.1 The Photoelectric Effect 937

 28.2 Line Spectra and Energy Levels 942

 28.3 The Nuclear Atom and the  
Bohr Model 947

 28.4 The Laser 953



28

 28.5 X-Ray Production and Scattering 954

 28.6 The Wave Nature of Particles 958

 28.7 Wave–Particle Duality 960

 28.8 The Electron Microscope 963

29 Atoms, Molecules,  

and Solids  973

 29.1 Electrons in Atoms 974

 29.2 Atomic Structure 981

 29.3 Diatomic Molecules 986

 29.4 Structure and Properties of Solids 989

 29.5 Energy Bands 991

 29.6 Semiconductors 993

 29.7 Semiconductor Devices 995

 29.8 Superconductivity 995

30 Nuclear and High-Energy 

Physics  1003

 30.1 Properties of Nuclei 1004

 30.2 Nuclear Stability 1009

 30.3 Radioactivity 1011

 30.4 Radiation and the Life Sciences 1017

 30.5 Nuclear Reactions 1021

 30.6 Nuclear Fission 1023

 30.7 Nuclear Fusion 1026

 30.8 Fundamental Particles 1027

 30.9 High-Energy Physics 1029

 30.10 Cosmology 1035

Appendix A The International System of Units 1049

Appendix B The Greek Alphabet 1051

Appendix C Periodic Table of the Elements 1052

Appendix D Unit Conversion Factors 1053

Appendix E Numerical Constants 1054

Answers to Selected Odd-Numbered Problems 1056

Credits 1075

Index 1079



29

Mathematics 
Review

CHAPTER 0

29

By the end of this chapter, you will be able to:

1. Use the rules for exponents to simplify algebraic 
expressions.

2. Express numbers in scientific notation and com-
bine numbers in scientific notation by using ad-
dition, subtraction, multiplication, or division.

3. Use the quadratic formula to find both roots for a 
quadratic equation.

4. Solve a system of two equations with two 
 unknown quantities.

5. Recognize direct, inverse, and inverse-square re-
lationships either algebraically or graphically and 
solve such a relationship for an unknown quantity.

6. Use tables of data to create linear graphs, which 
can be used to solve for an unknown quantity.

7. Solve both base-10 logarithm and natural 
 logarithm equations for an unknown quantity.

8. Use geometric expressions to solve for angles, 
lengths, areas, and volumes in a particular  problem.

9. Use trigonometric identities to relate the an-
gles and sides of a right triangle and the law of 
 cosines and the law of sines to relate the angles 
and sides of any triangle.

The spiral arrangement of buds on this 
Romanesco broccoli plant is a classic 
example of how natural processes can give 
rise to geometrical patterns that can be 
expressed by means of mathematics. In this 
chapter, we will review the most important 
mathematical concepts used in this course.

Much of the natural world is arranged in patterns that 
can be described by means of fairly simple math-
ematics. Like all sciences that seek to explain the 

natural world, physics relies on a certain amount of mathemat-
ics to express its concepts in precise ways. In studying physics, 
then, you will need some basic math skills in order to under-

stand lectures, read this textbook, and succeed with your home-
work and on exams. We strongly recommend that you review 
the material in this chapter and practice with the end-of-chapter 
problems before you read further. The beauty of physics can-
not be fully  appreciated if you do not have adequate mastery of 
basic mathematical skills.
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0.1 Exponents
Exponents are used frequently in physics—for example, when describing areas or three-
dimensional space. When we write 34, the superscript 4 is called an exponent and the 
base number 3 is said to be raised to the fourth power. The quantity 34 is equal to 
3 * 3 * 3 * 3 = 81. Algebraic symbols can also be raised to a power—for example, x4.
There are special names for the operation when the exponent is 2 or 3. When the exponent 
is 2, we say that the quantity is squared; thus, x2 means x is squared. When the exponent 
is 3, the quantity is cubed; x3 means x is cubed.

Note that x1 = x, and the exponent 1 is typically not written. Any quantity raised to the 
zero power is defined to be unity (that is, 1). Negative exponents are used for reciprocals: 
x-4 = 1>x4.

An exponent can also be a fraction, as in x1>4. The exponent 12 is called a square root, 
and the exponent 13 is called a cube root. For example, 16 can also be written as 61>2.

Most calculators have special keys for calculating numbers raised to a power—for 
 instance, a key labeled yx or one labeled x2.

Exponents obey several simple rules that follow directly from the meaning of raising a 
quantity to a power:

 1. The product rule: 1xm21xn2 = xm+n.

  For example, 13321322 = 35 = 243. To verify this result, note that 33 = 27, 32 = 9, 
and 1272192 = 243.

 2. The quotient rule: 
xm

xn = xm-n.

  For example, 
33

32 = 33-2 = 31 = 3. To verify this result, note that 
33

32 =
27

9
= 3.

  A special case of this rule is 
xm

xm = xm-m = x0 = 1.

 3. The first power rule: 1xm2n = xmn.

  For example, 12223 = 26 = 64. To verify this result, note that 22 = 4, so 12223 = 1423 = 64.
 4. Other power rules:

 1xy2m = 1xm21ym2 and a x
y
bm

=
xm

ym  . 

For example, 13 * 224 = 64 = 1296. To verify the first result, note that 34 = 81, 
24 = 16, and 18121162 = 1296.

If the base number is negative, it is helpful to know that 1-x2n = 1-12nxn, and 1-12n 
is +1 if n is even and -1 if n is odd. You can verify easily the other power rules for any  
x and y.

EXAMPLE 0.1 Simplifying an exponential expression

Let’s start by simplifying the expression 
x3y-3xy4>3

x-4y1>31x223 and calculating its numerical value when x = 6  
and y = 3.

Video Tutor Solution

CONTINUED

SOLUTION

SET UP AND SOLVE We simplify the expression as follows:

 
x3x

x-41x223 = x3x1x4x-6 = x3+1+4-6 = x2;

 
y-3y4>3

y1>3 = y-3+ 4
3 - 1

3 = y-2.

Therefore,

 
x3y-3xy4>3

x-4y1>31x223 = x2y-2 = x2a1
y
b2

= a x

y
b2

.

For x = 6 and y = 3, a x

y
b2

= a6

3
b2

= 4.




