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PREFACE

TO THE STUDENT

This book is written for you. It is based on a quarter-century of teaching college-level
physics and influenced by a strong recollection of my own struggles as a student. I have
spent thousands of hours in the classroom, in the laboratory, and in tutoring centers talk-
ing and /istening to students. To the nearly three thousand students I have known over the
years, I say this: You are a part of this book. Your ideas, your reactions to concepts, your
needs as well as your wishes have influenced every aspect of this text. To the students
now using this text: I hope the story of physics told in this book will make the subject
understandable, useful, and enjoyable.

A good story is important, and physics is rich in stories. This book tells some of those
stories and laces them with applications that are convincing evidence that physics is vis-
ible everywhere. Applications range from driving a car to launching a rocket, from a
skater whirling on ice to a neutron star spinning in space, and from taking your temper-
ature to taking a chest x ray. In spite of having more years behind me than most of you,
I share many of your interests—a skier on the slopes is much more illuminating than a
block on an incline.

But it isn’t enough for you to read a story or listen to an entertaining lecture. You
must take action—active inquiry, exploration, and extrapolation are the next steps to use-
ful understanding. One activity you will undoubtedly have in your physics course is
homework. At the end of each chapter in this text, you will find questions and problems
your instructor may assign for homework. While that may seem burdensome at times, it
is crucial to real understanding. This is where you really learn—in doing things yourself
and questioning the world around you. Learning to solve physics problems is much like
learning to ride a bicycle. Your action is necessary in addition to watching how someone
else does it.

This book contains many features that are designed to help you learn the concepts
of physics, use those concepts to solve problems, and also recognize how the solution
fits nature (is correct). To learn more about the features in this text, consult the mater-
ial titled Special Features. 1 hope you will find much in this book that interests you,
helps you to succeed in your courses, and allows you to apply physics outside the
classroom. The most powerful form of knowledge is that which enables you to go be-
yond what you are told.

TO THE INSTRUCTOR

This text is intended for one-year introductory courses requiring algebra and some
trigonometry, but no calculus. It is written for both the students and instructors of today.
After describing the general features of the text, I elaborate on the special features of the
text designed to achieve its goals.

Goals

For a subject as sophisticated as physics and a process as complex as learning, our
goals are as common as they are fundamental: to help transmit the concepts of physics
and the analytical skills to apply them; to build an appreciation of the underlying
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simplicity and unity in nature; to impart a sense of the beauty and wonder found in the
physical universe.

General Approach

Topics are introduced conceptually with a steady progression to precise definitions and an-
alytical applications. The analytical aspect (problem solving) is tied back to the concep-
tual before moving on to another topic. Each chapter, for example, opens with an attractive
photograph relevant to the subject of the chapter. The introduction to the chapter is made
with interesting applications that are easy to visualize and that most students should have
observed for themselves. The conceptual foundation of the chapter is then laid with in-
creasing precision. Definitions and quantitative relationships follow. Worked examples not
only illustrate the analytical aspects of a problem, but always tie the strategy and results
back into the conceptual aspect of the topic (the Discussion section of each worked ex-
ample). This forms a cycle: Starting with familiar applications, there is a progression from
conceptual to analytical, which is tied back to the conceptual at the end.

Organization, Level, and Content

This book is innovative, yet practical for most potential users. Topics ordinarily covered
in a one-year course at the algebra-trig level are included in a relatively traditional se-
quence. Certain highly sophisticated topics (such as the use of phasors in AC circuits) are
omitted to allow sufficient treatment of the topics that remain. Thus, the length of the text
has been controlled without eliminating those topics most often included in introductory
courses. This does not mean that the text is written at a low level. It means that there is
a uniformity of treatment that does not introduce a special technique for a single topic.

There is considerable latitude on the part of the instructor regarding level and con-
tent. By choosing the types of problems assigned (from three denoted levels of difficulty),
the instructor can determine the level of sophistication required of the student. Likewise,
by choosing the topics covered in depth, the instructor can determine both the level and
the topical emphasis of the course.

Concepts and Calculations

In recent years there has been a growing awareness that conceptual skills need to be ad-
dressed as directly as analytical skills—that an ability to calculate does not guarantee con-
ceptual understanding. It has always been my belief that the issues of conceptual and
analytical skills should be addressed simultaneously. In order to unify conceptual, ana-
lytical, and calculational skills within the learning process, I have integrated them
throughout the text. This can be seen in a series of features described in the section
Special Features. It is particularly easy to see how this is built into the worked examples
and problem-solving strategies in the text. But it is also fundamental to the general ap-
proach of conceptual to analytical tied back to conceptual described previously.

Modern Perspective

Professional study groups and surveys have identified a need for expanded emphasis of
modern physics. This is met in this text by the early incorporation of familiar ideas from
modern physics, such as the existence of atoms and the conversion of mass into energy.
The chapters on modern physics are more complete than most, with an entire chapter de-
voted to applications of nuclear physics and another to particle physics. The final chap-
ter of the text, Frontiers of Physics, is devoted to the most current and exciting endeavors
in physics. It ends with a section titled Questions We Know to Ask.

Accuracy

Every effort has been made not only to keep the text free from error but to have it accu-
rately portray the physical universe. My goal has always been to produce a first edition
text of second edition quality. Thorough peer reviews performed at many stages of the
writing and editing of the text have been carefully taken into account. Also considered
were the results of selected student reviews and extensive classroom testing. During the



final stages of production, every equation, calculation, and number in the text was
c.hecked yet again by the author and by another qualified physicist for accuracy and con-
sistency in significant figures. Two physicists each solved all of the end-of-chapter prob-
lems in detail. Many of those problems have been solved by other individuals as well.
This has eliminated ambiguities in the statements of problems, ensured that the situations
posed were reasonable, and made the number of significant figures used consistent with
the simple rules elaborated in the text. The answers to odd-numbered problems that ap-
pear at the end of the book are thus felt to be nearly error free, as are the solutions to prob-
lems found in the Instructor's Solution Manual. The art program was rendered with the
advice of a physicist and was checked for accuracy and effectiveness by the author and
other individuals during production.

SUPPLEMENTS

The text is supported by a complete package of text supplements:

Student’s Solutions Manual, prepared by Steven Yount of the United States Patent
Office and Gary Shoemaker of California State University, Sacramento. Provides care-
fully worked-out solutions to the odd-numbered problems, answers to which appear in
the back of the book.

Instructor’s Solutions Manual, also by Steven Yount and Gary Shoemaker. This
manual includes detailed solutions for all problems in the end-of-chapter sections.

Instructor’s Solutions Disk, a computer disk version of the Instructor’s Solutions
Manual. This is available to instructors in Microsoft Word for Windows and Macintosh.

Test Item File, by Frank D. Stekel of University of Wisconsin—-Whitewater. The test
bank contains more than 1600 questions of varying formats and level of difficulty.

Computerized Testing A computerized version of the printed test items is available
to DOS, Windows, and Macintosh platforms.

Transparencies Approximately 115 four-color transparency acetates of key figures
from the text are included in this package.

CNN Physics Today This 50 minute video contains numerous segments highlighting
everyday physics—trom spiderwebs to Cirque du Soleil. Available to adopters of the text.

SPECIAL FEATURES

The following briefly describe special features of this text.

Applications  Applications of physics relevant and visible to students are an inte-
gral part of making the physics interesting. I revel in finding physics everywhere and have
incorporated that passion in this text. This is present in the body of each chapter and con-
tinues in the worked examples and end-of-chapter conceptual questions and problems.
There is a discernible point to most of what the students read and do. When the results
of an application of physics give a new insight, the physics sings as it does to those of
us who have always found it inherently interesting.

Throughout the book, you will find icons for significant instances of human, med-
ical, and biological applications. Many students in algebra-trig based physics courses are
majoring in related disciplines and find these applications stimulating. Human, medical,
and biological applications are an integral part of the prose of the text and are found in
worked examples and in end-of-chapter conceptual questions and problems, but those
that obscure the exposition of the physics are avoided. Certain sections are devoted to
human, medical, and biological topics, including: forces and torques in muscles and joints
(Section 5.7), fluids and pressures in the human body (Section 10.8), nerve conduction
(Section 19.7), color and color vision (Section 24.10), and biological effects of ionizing
radiation (Section 30.5). The table of contents includes many others.

Preface

Human
Application

Medical
Application

Biological
Application

ix
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PROBLEM-SOLVING STRATEGY

FOR NEWTON'S LAWS OF MOTION

Step I As usual. 1 is first necessary to identify the physical principles involved
Once it is determined that Newton's laws of motion are involved, it is particularly
important to draw a careful sketch of the situarion. Such a sketch is shown in
Figure 4.17(a). Then. as in Figure 4.17(b). use arrows to represent all forces, label
them carefully. and make their lengths and directions correspond to the forces they
represent whenever sufficient information exists.

Step 2. 1dentify what needs to be determined and what is known or can be inferred
from the problem as stated. That is, make a list of knowns and unknowns. Then care
fully determine the svstem of interest. This is a crucial step, since Newton's second
law involves anly external forces. Once the system of interest has been identified, it
becomes possible to determine which forces are external and which are internal, a
necessary step to employ Newton's second law. (See Figure 4.17(c).) (Newton's third

This force is ot a force on
the system of inerest since It
Is exerted on the outside world.

"r
¥

, ’ . ) 1t must be omitted from the
frae body diagram
) o) ® R
' ~_- System of interest !
T w
w w | 4
t 1 3
Free body These forces must be equal
flo and oppasit since the
gram
net external force is zero.
~ Thus T=w.
(a) b) ) {a)
Skatch Identity forces Define system of interest Add forces

T S R R T N T TS T R

EXAMPLE 3.8 VELOCITY RELATIVE TO .. .?

An airline passenger drops a quarter in change while the
plane is moving at 260 m/s in level flight. What is the ve-
locity of the quarter when it strikes the floor 1.50 m below
its point of release: (a) Measured relative to the plane?
(b) Measured relative to the earth?

Strategy Both problems can be solved with the tech-
niques for falling objects and projectiles. In part (a), the
initial velocity of the quarter is zero relative to the plane,
making the motion that of a falling object (one-
dimensional). In part (b), the initial velocity is 260 m/s
horizontal relative to the earth and gravity is vertical, mak-
ing this a projectile motion. In both parts it is best to use a
coordinate system with vertical and horizontal axes.

Solution for (@) With the given information, we note
that the initial veloeity and position are zero, and the final

position is —1.50 m. The final velocity can be found using
Equation 3.10d:

v = v - 2gy
Substituting known values, we get

v =0 - 2098 mis’)(-1.50 m) = 29.4 m’/s’

yielding
=542 mis

The minus sign is chosen when the square root is taken; it
means the velocity is downward. There is no initial horizon-
tal velocity relative to the plane and no horizontal accelera-
tion, and so the motion is straight down relative to the plane.

Solution for (b) Since the initial vertical velocity is
zero relative to the ground and since vertical motion is in-
dependent of horizontal motion, the final vertical velocity
for the quarter relative to the ground is v, = —5.42 m/s, the
same as found in part (a), There is no horizontal accelera-
tion, and so the initial and final horizontal velocities are the
same and v, = 260 m/s. The x- and y-components of ve-
locity can be combined, using Equation 3.16, to find the

magnitude of the final velocity:
Thus,

v = (260 mis) + (-5.42 mis)’
yielding

v = 260.06 m/s

The direction is given by Equation 3,17:
6 = tan”'(v,/v,) = tan"'(-5.42/260)
so that

6 = tan (-0.0208) = -1.19°

Discussion In part (a), the final velocity relative to the
plane is the same as it would be if the quarter were dropped
from rest on earth and fell 1.50 m. This fits our experience; ob-
jects fall the same way when the plane is flying horizontally
as when it is at rest on the ground. This is also true in moving
cars. In part (b), an observer on the ground sees a much

Figure 3.19 More clossu:ul rolollvny The mofion of a quar’el dropped
inside an airplane as viewed {a] An observer

in the plane sees the quarter
ground sees the quarter move almost

ifferent rvers. (a

] m‘ﬂdm (b) An observer on the

(continued)

physical principle involved. These are augmented by
integrated concept problem-solving strategies that ex-
plicitly help the student draw ideas from more than
one area and apply them conceptually and analyti-
cally to solving a problem. While some texts contain
problems drawing from many areas, very few aid stu-
dents in mastering such problems. In this text, such
problem-solving support has been a central idea in the
development of these problems.

Problem-solving strategies Problem-
solving strategies are first presented in a spe-
cial section and subsequently appear at
crucial points in the text where students can
benefit most from them. Problem-solving
strategies have a logical structure that is re-
inforced in the worked examples and sup-
ported in certain places by line drawings that
illustrate various steps. There are three types
of problem-solving strategies. The largest
number are found in the main body of the
text. The other two types are those for the in-
tegrated concepts problems and those for
the unreasonable results problems. These
help the student to accomplish the goals of
those two different types of problems. All
problem-solving strategies contain concep-
tual elements as well as analytical.

Figure 4.17 (o] A skeich of
Tarzan hanging from o vine
[b) Arrows ore used 1o repre-
sent oll forces. T is the tension
in the vine above Tarzan, F, is
the force he exerts on the vine,
and wis his weight. All other
forces, such as the nudge of o
breeze, ore assumed negligh
ble. [c} Suppose we are given
 ape man’s mass and asked
to find the tension in the vine.
We then define the system of
interest as shown. F. is no
shown, because it is not
a force acting on the system of
interest; rather, F; acts on the
outside world. This is a free
body diagram. [d) Showing
only the arrows, the head-to-ail
method of oddition is used. It is
apporent that T = w, if Tarzon
is stationary.

Worked examples Worked examples
have four distinct parts to promote both analytical and con-
ceptual skills. Worked examples are introduced in words, al-
ways using some application that should be of interest. This
is followed by a clearly labeled Strategy section that empha-
sizes the concepts involved and how solving the problem re-
lates to those concepts. Next comes the mathematical
Solution to the problem. Finally, there is a Discussion sec-
tion. This last step ties the analytical back to the conceptual
by discussing the answer of the worked example—its mean-
ing, magnitude, further implications, and so on are used to
give the analytical process conceptual meaning and to link
topics together.

Many worked examples contain multiple-part problems
to help the students learn how to approach normal situations,
in which problems tend to have multiple parts. Finally,
worked examples employ the techniques of the problem-solv-
ing strategies so that students can see how those strategies
succeed in practice as well as in theory.

Integrated concept problems Many would say that a
central tenet of physics is its underlying unity and connections.
Although topics are necessarily introduced separately, I have
written numerous integrated concept problems, to encourage
students to apply principles broadly. In many chapters, there
are integrated concept =TT
worked examples that | e pobiems involve physical principls from more than one

. - ch ! ted knowledge fi broad f h
guide the student in ap- | mor powertlthana namow appicaon of physics Energy. for ex
proaching situations that

ample, is involved in kinematics, whence the relevance of Chapter 2.
The following topics are involved in some or all of the problems in

this section’
have more than one Topics ) Location
Kinematics Chapter 2
Two-dimensional kinematics Chapter 3
Dynamics Chapter 4
Statics, elasticity Chapter 5

PROBLEM-SOLVING STRATEGY
Use the following siraiegy (o solve integraied concept problems

Step 1. Identify which physical principles are involved. This is done
by following the problem-solving strategies found in this and previ-
ous chapters (see the table of contents or look in the index). Listing
the givens and the quantities to be calculated will allow you to iden-
tify the principles involved

Step 2. Solve the problem using strategies outlined in the text, 1f
these are available for the specific topic, you should refer to them.
You should also refer to the sections of the text that deal with a par-
ticular topic.
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Connections boxes To illustrate the underlying unity
of apparently different topics, Connections boxes are placed

——— )
s in the margin where appropriate. They contain brief discus-
vity, as we shall sions of conceptual connections not necessarily obvious at
d s the introductory level. Connections boxes augment the inte-
good approximation for most situations & A .
;m’am&mummaﬁ. grated concepts problems and their supporting materials,
mmmr@wmw adding emphasis to the most powerful aspects of physics—
ook ol Lt S o b its underlying unity, br icability, ¢ a-
orhﬁof!htplw“ o rlying unity eadth of applicability, and funda
predictions. mental simplicity.
g k N\
o o L = = example given in the preceding paragraph, you would identify
Unreasonable results Unreasonable result prob- s\ e b e e 290
lems are unique to this text. They are designed to further “ w5y ¢ =0 00 mAI00 3)/= 40k

Step 2. Check to see if the answer is reasonable. 1s it 100 large or 100

Figure 2.22 (o] Graph of displacement versus time for a jog- small, or does it have the wrong sign, improper units, .. .? In the pre-

ger who starts on a run, stops, and goes back to pick up his keys

emphasize that properly applied physics must describe

nature accurately and is not simply the process of solving
equations. These problems contain a premise that pro-
duces an unreasonable answer. For example, if the heat
generated by metabolizing an average day’s food is re-
tained, a person’s body temperature will rise to a lethal
level. Thus, physics correctly applied produces in this
case a result that is never observed—the student must
recognize that the premise of complete heat retention is at
fault. These problems are clearly labeled and are found at
the very end of the end-of-chapter problems—all other
problems in the text produce reasonable results and often
contain discussion to emphasize that physics must fit na-

at 2.5 m before continuing. (b] Graph of velocity versus time pro-
duced by finding the slope of the displacement graph. (c) Graph
of acceleration versus fime produced by finding the slope of the
velocity graph, Problems 54 and 55

UNREASONABLE RESULTS

Physics must describe nature accurately. The following problems have
results that are unreasonable because one premise is unreasonable or
because certain of its premises are inconsistent with one another. The
physical principle appied correctly then produces an unreasonable re-
sult. For example. if a person starting a foot race accelerates at (.40
m/s” for 100 s. his final speed will be 40 m/s (about 90 miles per
hour)—clearly unreasonable because the time of 100 s is an unrea-
sonable premise. The physics is correct in a sense, but there is more
to describing nature than just manipulating equations correctly.
Checking the result of a problem 1o see if it is reasonable does more
than help uncover errors in problem solving—it also builds intuition
in judging whether nature is being accurately described

PROBLEM-SOLVING STRATEGIES

Use the following strategies to determine if an answer is reasonable
and, if it is not, to determine what is the cause.

Step 1. Solve the problem using strategies as outlined in Section 2.5
and in the format followed in the worked examples in the rext. In the

sent case, the velocity is about four times higher than a person can
run—so it is too large.

Step 3. If the answer is unreasonable, look for what specifically
could cause the identified difficulty. In the example of the runner,
there are only two assumptions that are suspect. The acceleration
could be 100 great or the time 100 long. People can casily accelerate
at 0.40 m/s”; thus, the time must be too long

2.58 Suppose you drop a rock from a cliff and you observe that
it falls 39.2 m in 2.00 5. (a) What is the acceleration of the
rock? (b) What is unreasonable about the result? (¢)
Which premise is unreasonable, or are the premises in-
consistent”?

2.59 An advertisement claims that a certain automobile can stop
from a speed of 35.0 m/s in a distance of 20,0 m. (a) What
1s the average deceleration? (h) What is unreasonable about
the result? (¢) Which premise is unreasonable?

ture. Taken with the careful accuracy of the text and the

discussions at the end of worked examples, unreasonable results problems can help stu-
dents examine the concepts of a problem as well as the mechanics of solving it.

Things Great and Small In these special topic
essays, Macroscopic Phenomena (such as air pres-
sure) are explained with Submicroscopic Phenomena
(such as atoms bouncing off walls). These essays
support the modern perspective by describing as-
pects of modern physics before they are formally
treated in later chapters. Connections are also made
between apparently disparate phenomena.

Summary Chapter summaries are thorough
and functional and present all important definitions
and numbered equations. Students are able to find
the definitions of all terms and symbols as well as
their physical relationships. The structure of the
summary makes plain the fundamental principles
of the chapter and will serve as useful study guides.

Index The index of this book is unique. It is
more detailed and sophisticated, yet easier to use,
than any other. There is significant cross-referenc-
ing, making it easy for readers to find what they
seek. Index entries often tell a small story—for ex-
ample, the name of a famous scientist is listed with
a sublisting of what he or she is known for.

_ THINGS GREAT AND SMA|

Submicroscopic Collisions and Momentum
The conservation of momentum principle not only applies to
the macroscopic world, it is also essential to our explorations
of the substructure of matter. Giant machines hurl submi-
croscopic particles at one another and evaluate the results by
assuming conservation of momentum (among other things).
Figure 7.A shows a detector used in such experiments.

On the small scale, we find that particles and details of
their properties invisible to the naked eye can be measured
with our instruments, and models of the submicroscopic
world can be constructed to describe the results. Momentum
is found to be a property of all submicroscopic particles in-
cluding massless particles, such as photons composing
light. This hints that momentum may have an identity be-
yond mass times velocity. Furthermore, we find that the
conservation of momentum principle is valid. We use it to
analyze the mass and other properties of previously unde-

Glossary The glossary contains all relevant symbols, their meaning, and where
they are defined in the text. The glossary thus enables students to take the first step in or-
ganizing their material by defining symbols and tracing their first use to help locate basic

definitions.

Macroscopic

\ S _/ target

e”'s
@ = -

- = S

—a
y -
"
<@ — .
Proton

Figure 7.B A submicroscopic particle scatters straight back-
ward from o target particle. In experiments seeking evidence
for quarks, electrons were observed to occasionally scatter
straight backward from o proton.

tected particles, such as the nucleus of the atom and theexis-
tence of quarks inside the nucleus itself. Figure 7.B illustrates
how a particle scattering backward from another implies that
its target is massive and dense. Experiments seeking evidence
of quarks inside nuclei scattered high-energy electrons from
protons (nuclei of hydrogen atoms). Occasionally, el
scattered straight backward in a manner that implied a very
small and very dense particle inside the proton—this is con-
sidered nearly direct evidence of quarks. The analysis, again,
was based partly on the same conservation of momentum
principle that works so well on the large scale.

Figure 7.A A huge accelerator hurls finy particles at one
another to explore &m submicroscopic world. The results of
the collisions are measured with huge detectors such as this,
and they are analyzed with the conservation of momentum
principle, among others.
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