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preface

In this fourth edition I have worked toward four goals:

1. To help students increase their experience and ability in problem solv-
ing

2. To make the reading of the text easier and more fun for students

3. To bring the presentation of physics up to date to reflect the importance
of the role of quantum theory

4. To make the text more flexible for the instructor in a wide variety of
course formats

Enhanced Problem Solving

To help students learn how to solve problems, the number of worked Exam-
ples that correspond to intermediate-level problems has been greatly in-
creased. Especially notable is a new two-column side-by-side example for-
mat that has been developed to better display the text and equations in
worked examples. Care has been taken to show the students a logical method
of solving problems. Examples begin with strategies, and often diagrams, in
a Picture the Problem prologue. When possible, the first step gives an equation
relating the quantity asked for to other quantities. This is usually followed by
a statement of the general physical principle that applies. For example, this
step may be “Apply Newton’s second law” or “Use conservation of energy.”
Examples usually conclude with Remarks that discuss the problem and solu-
tion, and in many cases there are additional Check the Result sections that
teach the student how to check the answer, as well as Exercises that present
additional related problems, which students can solve on their own.

Also new are innovative, interactive types of examples, each labeled Try it
yourself. In these, students are told in the left column how to proceed with
each step of the problem-solving process, but in the right column are given
only the answer. Thus, students are guided through the problem, but must
independently work through the actual derivations and calculations.

A Problem-Solving Guide appears at the end of each chapter in the form of a
summary of the worked examples in the chapter. The Problem-Solving
Guide is designed to help students recognize types of problems and find the
right conceptual strategy for solving them. Here again, general principles
such as applying Newton’s second law or the conservation of energy are em-
phasized.

Concluding each chapter is a selection of approximately one hundred
Problems. The problems are grouped by type, which may or may not coincide
with the section titles in the chapter. Each problem is designated easy, inter-
mediate, or challenging. Qualitative questions and problems are integrated
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with quantitative problems within each group, in the hope that this organiza-
tion will elevate the stature of qualitative problems in the minds of students
(and instructors). At the back of the book, Answers are given to the odd-num-
bered problems. Preceding the answers for each chapter is a Problem Map that
charts which odd-numbered intermediate-level problems correspond with
worked examples in the text. Complete solutions to every other odd-num-
bered problem, worked out in the two-column example format, are available
in the Solutions Manual for Students.

I do not believe that students can be given too much help in solving prob-
lems. Students learn best when they are successful at the tasks they are given.
The hierarchy of worked examples, “Try it yourself” examples, Problem-
Solving Guide, and Problem Map gives the student and the instructor maxi-
mum flexibility by leading the student through progressive levels of inde-
pendence. “Try it yourself” problems take students step by step through a
problem without doing the math for them. The Problem-Solving Guide gives
an overview of the techniques that have been demonstrated in the chapter.
The Problem Map shows students who are having difficulty where help may
lie in the chapter but gives no other assistance.

Student Interest

Much effort has gone into making the written text more lively and informal.
Students build their understanding of physics on the physics they’ve already
learned, each concept serving as a building block that will provide the foun-
dation for further inquiry. Over one hundred enthusiastic student reviews
indicate that the changes in the fourth edition will successfully reach the
widest range of students and will help them to enjoy learning and doing
physics rather than focusing on the difficulty of the subject. To further stimu-
late the interest of students, supplemental, brief “Exploring ...” sections offer
essays on various topics of interest to science and engineering undergraduates.

Modern Physics in the Introductory Course

Although quantum theory revolutionized the way we describe the physical
world more than 70 years ago, we have been slow to integrate it into our in-
troductory physics courses. To make physics more relevant to today’s stu-
dents, the mass—energy relationship and energy quantization sections are in-
cluded in the conservation of energy chapter, and the quantization of angular
momentum is discussed in the chapter on the conservation of angular mo-
mentum. These ideas are then used throughout the text, for example, in
Chapter 19 to explain the failure of the equipartition theorem.

In addition, two optional chapters, “Wave-Particle Duality and Quantum
Physics” (Chapter 17) and “The Microscopic Theory of Electrical Conduction”
(Chapter 27), have been written so that instructors who choose to do so can
integrate them into a two-semester course along with the usual topics in clas-
sical physics. These chapters offer something completely new—support for
professors who choose to introduce quantum physics earlier in the course.
Chapter 17 on the wave—particle duality of nature is the concluding chapter
in Part II, immediately following the chapter on superposition and standing
waves. This chapter introduces the idea of the wave—particle duality of light
and matter and uses the frequency quantization of standing waves, just stud-
ied in the previous chapter, to introduce energy quantization of confined sys-
tems. Many students have heard of quantum theory and are curious about it.
Having just studied frequency quantization that arises in standing waves,
students can easily grasp energy quantization from standing electron waves,



once they have seen from diffraction and interference patterns that electrons
have wave properties. Because there is little time to cover even the usual ma-
terial in the introductory course, some instructors are reluctant to consider
adding even one more chapter such as Chapter 17. I would argue that quan-
tum physics is at least as important as many of the other topics we teach.

Chapter 27 on the quantum explanation for electrical conduction is posi-
tioned so that it can be covered immediately after the discussion of electric
current and dc circuits. The classical model of conduction is developed, con-
cluding with the relation between resistivity and the average speed v,, and
mean free path A of electrons. The classical and quantum interpretations of
v,y and A are then discussed using the particle-in-a-box problem, discussed
in the optional Chapter 17, to introduce the Fermi energy. Simple band the-
ory is discussed to show why materials are conductors, insulators, or semi-
conductors. My hope in offering these optional chapters is that, given the
choice, instructors will take advantage of the means to incorporate simple
quantum theory into their elementary physics course.

Flexibility

To accommodate professors in a wide variety of course formats and to re-
spond to the preferences of previous users of this text, there has been some
revision in the order of material. With this new edition, instructors can give
their students a brief exposure to modern physics integrated with the classi-
cal topics, or they can choose to skip the optional chapters on quantum
physics entirely, perhaps returning to them in the final part of the course
when this material is traditionally taught. To make room for these optional
quantum chapters, some traditional material may be deleted from the
course. To aid the instructor, material that can be skipped without jeopardiz-
ing coverage in other sections has been placed in optional sections. There are
also two optional chapters in addition to Chapters 17 and 27. Chapter 12,
“Static Equilibrium and Elasticity,” and Chapter 21, “Thermal Properties and
Processes,” gather material that instructors sometimes choose to skip over or
offer as added reading. The “optional” labeling of sections and chapters en-
ables the instructor to pick and choose among topics with confidence that no
material in nonoptional sections depends on previous coverage of an op-
tional topic. Optional sections and chapters are clearly marked by gray bor-
ders down the side of the page. Some optional material, such as numerical
methods and the use of complex numbers to solve the driven oscillator equa-
tion, is presented in “Exploring ...” essays.
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For Students

Study Guide

Volume 1 (Chapters 1-21) ISBN: 1-57259-511-6
Volumes 2 and 3 (Chapters 22-41) ISBN: 1-57259-512-4

Each chapter contains a description of key ideas, potential pitfalls, true-false
questions that test essential definitions and relations, questions and answers
that require qualitative reasoning, and problems and solutions.

Solutions Manual for Students

Volume 1 (Chapters 1-21) ISBN: 1-57259-513-2
Volumes 2 and 3 (Chapters 22-41) ISBN: 1-57259-524-8

The Solutions Manual for Students provides answers to every other odd end-
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detail as the Instructor’s Solutions Manual (see below).

For Instructors

Instructor’s Solutions Manual

Volume 1 (Chapters 1-21) ISBN: 1-57259-514-0
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Complete solutions to all problems in the text are worked out in the same
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Test Bank

Approximately 3500 multiple-choice questions span all sections of the text.
Each question is identified by topic and noted as factual, conceptual, or nu-
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Computerized Test-Generation System
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Instructor’s Resource Manual

Demonstrations and a film and video cassette guide are included. ISBN:
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Transparencies

Approximately 150 full-color acetates of figures and tables from the text are
included, with type enlarged for projection. Volume 1, ISBN: 1-57259-521-3;
Volumes 2 and 3, ISBN: 1-57259-674-0
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e Instructive illustrations
accompany nearly all

A car is speeding at 25 m/s (= 90 km/h =~ 56 mi/h) in a school zone. A police car €xa mples-

starts from rest just as the speeder passes and accelerates at a constant rate of . .

5 m/s% (a) When does the police car catch the speeding car? (b) How fast is the Students are involved in
police car traveling when it catches up with the speeder? every step of the com-

plete solution for each
example.

Picture the Problem To determine when the two cars will be at the same
position, we write the positions x, of the speeder and x;, of the police car as
functions of time and solve for the time t when x, = Xp-

(a) 1. Write the position functions for the speeder and the police car: Xs = Vgt and X, = %aptz
2. Set x; = x, and solve for the time : vt = %a 12. t =0 (initial condition)
2
_ v _ 2025 m/s) —10s
a, 5m/s?

() The velocity of the police car is given by v = vy + at withvg = 0: v, = apt = (5 m/s2)(10s) = 50 m/s

Remark The final speed of the police car in (b) is ex-

actly twice that of the speeder. Since the two cars cov-

ered the same distance in the same time, they must have 500

had the same average speed. The speeder’s average wPolice .

speed, of course, is 25 m/s. For the police car to start
. 400 ifi v’

from rest and have an average speed of 25 m/s, it must / R

reach a final speed of 50 m/s. / o
300 v=25m/s P§ L 4

/ P
d 2 s, .
200 I B

Remark In Figure 2-13 the solid lines depict the S e 5
speeder and the police car in this example. The dashed L E e d=3nls
lines are variations on the example. The smaller acceler- 109 P il Waits 4 s,
ation depicted by the lower dashed line means the po- LT et thena =5m/s?
lice car takes longer to reach the speeder. In the higher 0 =T =~
dashed line, the acceleration is the same as in the exam-

ple, but the police car does not start accelerating until 4 s

after the speeder passes by. Figure 2-13

Speeder /

Exercise How far have the cars traveled when the po-
lice car catches the speeder? (Answer 250 m)

Distance, m

4 6 8 10 12 14 16 18

“TRY IT YOURSELF” EXAMPLES

* “Try it yourself” examples m try it yourself
follow the same format as R v
particle is given a displacement A5’ = 2 mi—5m ] along a straight line. Dur-
regular examples’ except ing the displacement, a constant force F=3Ni+4 N] acts on the particle

that the student is given (Figure 6-14). Find (a) the work done by the force, and (b) the component of the
on Iy brief instructions on force in the direction of the displacement.

Figure 6-14

F=3Ni+4aN]

the left side, and only the | | Piurs the Probem The work i s found by computng W= Pt~ |\ o
relevant formulas and the of F in the direction of the displacement from
answer on the right side, Fx7) W
without being shown the Feos 6= "] ~ gl
mathematical steps in *
between. Cover the column to the right and try these on your own before looking at the answers.
* “Try it yourself” examples Stups Answers
test UnderStandinQ, identify (@)  Compute the work done W. W= —14N-m
weaknesses, and reinforce
. (b) 1. Compute A5 A" and use your result to find the distance |A5']. |aS] = V29 m
proper problem-solving
procedures. 2. Compute F cos ¢ = W/ |A3|. Feos¢p = —2.60 N

Remark The component of the force in the direction of the displacement
is negative, so the work done is negative.

Exercise Find the magnitude of F, and the angle ¢ between F and A%
(Answer F=5N, ¢ =121°)

XV




“EXPLORING” ESSAYS
* “Exploring” essays
enrich students by cov-
ering topics that are out-
side the core part of the
course—but are too
interesting to pass over
completely.

SUMMARY

e Detailed Summary
sections reinforce the
lessons of the chapter.
The summary is not a
substitute for attentive
study of the text, but a
skeletal outline to help
students organize
what they have

learned.

Numerical Methods:
Euler’'s Method

If a particle moves under the influence of a con-
stant force, its acceleration is constant and we can
find its velocity and position from the constant-ac-
celeration formulas in Chapter 2. But consider a
particle moving through space where the force on
it, and therefore its acceleration, depends on its
position and velocity. The velocity and accelera-
tion of the particle at one instant determine its po-
sition and velocity at the next instant, which then
determines its acceleration at that instant. The ac-
tual position, velocity, and acceleration of an object
all change continuously with time. We can approx-
imate this by replacing the continuous time varia-
tions with small time steps of duration At. The
simplest approximation is to assume constant ac-
celeration during each step. This approximation is
called Euler’s method. If the time interval is suffi-
ciently short, the change in acceleration during the
interval will be small and can be neglected.

Let xg, vy, and ay be the known position, veloc-

Xy = X1 + V1At

In general, the connection between the position
and velocity at time f, and time t,,1 =, + At is
given by

Un+1 = Un + anAt 3
and
Xp41 = X, T VAL 4

To find the velocity and position at some time ¢,
we therefore divide the time interval t — tj into a
large number of smaller intervals At and apply
Equations 3 and 4, beginning at the initial time £;.
This involves a large number of simple, repetitive
calculations that are easily done on a computer.
The technique of breaking the time interval into
small steps and computing the acceleration, ve-
locity, and position at each step using the values
from the previous step is called numerical inte-
gration.

Drag Forces

To illustrate the use of numerical methods, let us
consider a problem in which a sky diver is
dropped from rest at some height under the influ-
ences of gravity and a drag force that is propor-
tional to the square of the speed. We will find the
velocity v and the distance traveled x as functions
of time.

The equation describing the motion of an object
of mass m dropped from rest is Equation 5-7 with
n=2:

X F, =mg — bo" = ma,

Work, kinetic energy, potential energy, and power are important derived dynamic
quantities.
2. The work-kinetic energy theorem is an important relation derived from Newton’s
laws applied to a particle.
3. The dot product of vectors is a mathematical definition that is useful throughout
physics.
Topic Remarks and Relevant Equations
1. Work
Constant force The work done by a constant force is the product of the component of the force in the
direction of motion and the displacement of the force:
W = Fcos § Ax = F, Ax 6-1
X2
Variable force W= f F, dx = area under the F,-versus-x curve 6-9
X1
2—)
Force in three dimensions W= f Fds 6-14
1
Units The SI unit of work and energy is the joule (J):
1]=1Nm 6-2
- 1. 5
2. Kinetic Energy K= 2 my 6-6




PROBLEMS

» Types of problems
are denoted by color
swatches: yellow
denotes conceptual
problems and a gray
band indicates
optional or exploring
sections.

* The difficulty level is
denoted by bullets.

* Qualitative problems
are included in context
with related quantita-
tive problems.

Problems

In a few problems, you are given more data than you actually
need; in a few other problems, you are required to supply
data from your general knowledge, outside sources, or in-
formed estimates.

Conceptual Problems

Problems from Optional and Exploring sections

® Single-concept, single-step, relatively easy
®® Intermediate-level, may require synthesis of concepts
®ee Challenging, for advanced students

Conditions for Equilibrium

1 ¢ True or false:

(@) SF = 0is sufficient for static equilibrium to exist.

(B)SF =0is necessary for static equilibrium to exist.

(c) In static equilibrium, the net torque about any point is
zero.

(d) An object is in equilibrium only when there are no forces
acting on it.

2 ¢ A seesaw consists of a 4-m board pivoted at the
center. A 28-kg child sits on one end of the board. Where
should a 40-kg child sit to balance the seesaw?

3 e In Figure 12-23, Misako is about to do a push-up.
Her center of gravity lies directly above point P on the floor,
which is 0.9 m from her feet and 0.6 m from her hands. If her
mass is 54 kg, what is the force exerted by the floor on her
hands?

Figure 12-23
Problem 3

Center of gravity

~——09m »e— 0.6m—
| | 7
P
4 ¢ Juan and Bettina are carrying a 60-kg block on a

4-m board as shown in Figure 12-24. The mass of the board is
10 kg. Since Juan spends most of his time reading cookbooks,
whereas Bettina regularly does push-ups, they place the
block 2.5 m from Juan and 1.5 m from Bettina. Find the force
in newtons exerted by each to carry the block.

Figure 12-24 Problem 4

Figure 12-25 Problem 5

the pivot point. If the scale reads 18 N when she exerts her
maximum force, what force is exerted by the biceps muscle?

6 * A crutch is pressed Figure 12-26 Problem 6
against the sidewalk with a
force FC along its own direc-
tion as in Figure 12-26. This
force is balanced by a normal
force F, and a frictional force
f_;. (a) Show that when the
force of friction is at its maxi-
mum value, the coefficient of
friction is related to the angle 6
by p = tan 6. (b) Explain how
this result applies to the forces
on your foot when you are not
using a crutch. (c) Why is it ad-
vantageous to take short steps
when walking on ice?

The Center of Gravity

7 ° True or false: The center of gravity is always at the
geometric center of a body.

8 ¢ Must there be any material at the center of gravity
of an object?

9 e If the acceleration of gravity is not constant over an
object, is it the center of mass or the center of gravity that is
the pivot point when the object is balanced?

10 * Two spheres of radius R rest on a horizontal table
with their centers a distance 4R apart. One sphere has twice
the weight of the other sphere. Where is the center of gravity
of this system?

1 ° An automobile has 58% of its weight on the front
wheels. The front and back wheels are separated by 2 m.

General Problems

izontal if
(@) Ly = Lyand R; = R,.
() Ry = Ryand My = M,.

67 * The horizontal bar in Figure 12-52 will remain hor-

(b) Ly = Lyand M; = M,.
(d) LM, = LM,

68 Which of the following could not have units of

N/m?
(@) Young’s modulus

69 e Sitin a chair with your back straight. Now try to
stand up without leaning forward. Explain why you cannot

doit.

. (b) Shear modulus
66 = If the net torque about some point is zero, must it (c) Stress (d) Strain

be zero about any other point? Explain.

70 * A 90-N board 12 m long rests on two supports,

(@) RyLy = Ryl,.

Ry Ry

L

each 1 m from the end of the board. A 360-N block is placed
on the board 3 m from one end as shown in Figure 12-53.
Find the force exerted by each support on the board.

Figure 12-53 ~—3m
Problem 70 1m 10m ———1m

N ]

5 B
90 N' ,
w =360 N
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