physics using algebra and trigonometry. Our main goals in writing this book

C ollege Physics is intended for a two-semester college course in introductory
are

« To present the basic concepts of physics that students need to know for later courses
and future careers,

« To emphasize that physics is a tool for understanding the real world, and

« To teach transferable problem-solving skills that students can use throughout their
lives.

We have kept these goals in mind while developing the main themes of the book.

COMPREHENSIVE COVERAGE

Students should be able to get the whole story from the book. The manuscript was
tested for five semesters in a self-paced course, where students must rely on the text-
book as their primary learning resource. Nonetheless, completeness and clarity are
equally advantageous when the book is used in a more traditional classroom setting.
Over a dozen other class tests have shown that College Physics frees the instructor from
having to try to “cover” everything and from filling in the gaps left by the text. The
instructor can then tailor class time to the students’ needs, whether it be going over par-
ticularly difficult concepts, working through examples, engaging the students in coop-
erative learning activities, describing applications, or presenting demonstrations.

INTEGRATING CONCEPTUAL PHYSICS INTO A
QUANTITATIVE COURSE

Some students approach introductory physics with the idea that physics is just the mem-
orization of a long list of equations and the ability to plug numbers into those equations.
We want to help students see that a relatively small number of basic physics concepts
are applied to a wide variety of situations. In our presentation, based on years of teach-
ing this course, we blend conceptual understanding with analytical skills, using plain
language with simple mathematics throughout the book. In our experience, this
approach anticipates many of the conceptual difficulties that students may have.

Physics education research has shown that students do not automatically acquire
conceptual understanding; the concepts must be explained and the students given a
chance to grapple with them. To that end, we include many Conceptual Examples and
Conceptual Practice Problems in the text and a selection of Conceptual and
Multiple Choice Questions at the end of each chapter.

INTRODUCING CONCEPTS INTUITIVELY

We introduce key concepts and quantities in an informal way by establishing why the
quantity is needed, why it is useful, and why it must be defined precisely. Then we make
a transition from the informal, intuitive idea to a formal definition and name. We find
that concepts motivated in this way are easier for students to grasp and remember than
are concepts introduced by seemingly arbitrary, formal definitions.

For example, in Chapter 8, the idea of rotational inertia emerges in a natural way
from the concept of rotational kinetic energy. Students can understand that a rotating
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“I think chapter 8 is particularly
well-written. Rotational motion,
magnetism, and AC circuits spring
to mind as the most notoriously diffi-
cult subjects to teach in this course.
The authors have chosen a number
of excellent biomechanical examples
in chapter 8 and this chapter’s pres-
entation alone might persuade some
lecturers to switch texts.”—Dr.
Nelson E. Bickers, University of
Southern California

Preface

rigid body has kinetic energy due to the motion of its particles. We discuss why it is use-
ful to be able to write this kinetic energy in terms of a single quantity common to all the
particles, rather than as a sum involving particles with many different speeds. Using this
approach, the definition of rotational inertia is motivated; students understand why it is
defined the way it is. Then, equipped with an understanding of rotational inertia, stu-
dents are better prepared for the concept of torque.

We avoid as much as possible presenting definitions or formulas without any moti-
vation. When an equation cannot be derived using algebra and trigonometry, we at least
indicate where the equation comes from or give a plausibility argument. For example,
Section 9.9 introduces Poiseuille’s law with two identical pipes in series to show why
the volume flow rate must be proportional to the pressure drop per unit length. Then we
discuss why AV/At is proportional to the fourth power of the radius (rather than to R, as
for an ideal fluid).

Similarly, we have found that the definitions of the displacement and velocity vec-
tors seem arbitrary and counterintuitive to students if introduced without any motiva-
tion. Therefore, we precede any discussion of kinematic quantities with an introduction
to Newton’s laws, so students know that forces determine how the state of motion of an
object changes. Then, when we define the kinematic quantities to give a precise defini-
tion of acceleration, we can apply Newton’s second law quantitatively to see how forces
affect the motion. We give particular attention to laying the groundwork for a concept
when its name is a common English word such as velocity or work.

HELPING STUDENTS SEE THE RELEVANCE OF PHYSICS
IN THEIR LIVES

Students in an introductory college physics course have a wide range of backgrounds and
interests. We stimulate interest in physics by relating the principles to applications relevant
to students’ lives. We appeal to topics familiar to students and in line with their interests.
The text, examples, and end of chapter problems draw from the everyday world,
from familiar technological applications, and from other fields such as biology, medicine,
archaeology, astronomy, sports, environmental science, and geophysics. Applications in

the text are marked with an icon in the margin ( @

, Making the Connection).

In addition, the Physics at Home experiments give the students an opportunity to
explore and see physics principles operate in their everyday lives. These activities are
chosen for their simplicity and for the effective demonstration of physics principles. Each
Chapter Opener Vignette is designed to capture student interest and maintain it through
the chapter. The question asked in each opener is answered somewhere in the chapter.

WRITTEN IN CLEAR AND FRIENDLY STYLE

We have kept the writing down-to-earth and conversational in tone—the kind of lan-
guage an experienced teacher uses when sitting at a table working one-on-one with a stu-
dent. We believe students will find the book pleasant to read, informative, and accurate
without seeming threatening, and filled with analogies that make abstract concepts easier
to grasp. We want students to feel confident that they can learn by studying the textbook.
While learning correct physics terminology is essential, we avoid all unnecessary
jargon—terminology that just gets in the way of the student’s understanding.

PROBLEM-SOLVING APPROACH

Problem-solving skills are central to an introductory physics course. We illustrate these
skills in the example problems. Lists of problem-solving strategies are sometimes useful;



we provide such strategies when appropriate. However, the most elusive skills—perhaps
the most important ones—are subtle points that defy being put into a neat list. To develop
real problem-solving expertise, students must learn how to think critically and analyti-
cally. Problem solving is a multidimensional, complex process; an algorithmic approach
is not adequate to instill real problem-solving skills.

Strategy We begin each example with a discussion—in language that the students
can understand—of the Strategy to be used in solving the problem. The strategy
illustrates the kind of analytical thinking students must do when attacking a problem:
How do I decide what approach to use? What laws of physics apply to the problem and
which of them are useful in this solution? What clues are given in the statement of the
question? What information is implied rather than stated outright? If there are several
valid approaches, how do I determine which is the most efficient? What assumptions
can I make? What kind of sketch or graph might help me solve the problem? Is a
simplification or approximation called for? If so, how can I tell if the simplification is
valid? Can I make a preliminary estimate of the answer? Only after considering these
questions can the student effectively solve the problem.

Solution Next comes the detailed Solution to the problem. Explanations are
intermingled with equations and step-by-step calculations to help the student
understand the approach used to solve the problem. We want the student to be able to
follow the mathematics without wondering, “Where did that come from?”

Discussion The numerical or algebraic answer is not the end of the problem; our
examples end with a Discussion. Students must learn how to determine whether their
answer is consistent and reasonable by checking the order of magnitude of the
answer, comparing the answer to a preliminary estimate, verifying the units, and
doing an independent calculation when more than one approach is feasible. When
there are several different approaches, the Discussion looks at the advantages and
disadvantages of each approach. We also discuss the implications of the answer—
what can we learn from it? We look at special cases and look at “what if” scenarios.
The Discussion sometimes generalizes the problem-solving techniques used in the
solution.

Practice Problem  After each Example, a Practice Problem gives students a chance
to gain experience using the same physics principles and problem-solving tools. By
comparing their answers to those provided at the end of each chapter, they can gauge
their understanding and decide whether to move on to the next section.

Our many years of experience in teaching the College Physics course in a one-
on-one setting has enabled us to anticipate where we can expect students to have dif-
ficulty. In addition to the consistent problem-solving approach, we offer several
other means of assistance to the student throughout the text. A boxed problem-solv-
ing strategy gives detailed information on solving a particular type of problem,
while an icon for problem-solving tips draws attention to techniques that can be used
in a variety of contexts. A hint in a worked example or end-of-chapter problem pro-
vides a clue on what approach to use or what simplification to make. A warning icon
emphasizes explanations that clarify possible points of confusion or common stu-
dent misconceptions.

An important problem-solving skill that many students lack is the ability to extract
information from a graph or to sketch a graph without plotting individual data points.
Graphs often help students visualize physical relationships more clearly than they can
do with algebra alone. We emphasize the use of graphs and sketches in the text, in
worked examples, and in the problems.
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“The major strength of this text is its
approach, which makes students
think out the problems, rather than
always relying on a formula to get
an answer. The way the authors
encourage students to investigate
whether the answer makes sense,
and compare the magnitude of the
answer with common sense is good
also.”—Dr. Jose D’ Arruda,
University of North Carolina,
Pembroke

“I understood the math, mostly
because it was worked out step-by-
step, which I like.”—student,
Bradley University

“The math was really clear. I was
impressed with how easy the math
and steps involved were to
understand.”—student, Bradley
University

“The ‘Strategy & Discussion’in each
example were extremely helpful in
understanding the ideas.”-student,
Houston Community College
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1 am thoroughly delighted to see a
text which presents Newton's Laws
before kinematics. This in my opin-
ion is an intuitively better approach
for the students. I believe it is better
to deal with why things move before
we attempt to quantitatively describe
the resulting motion. . . . Compared
to the text we have been using, this
approach is better.”—Dr. Kelly
Roos, Bradley University
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USING APPROXIMATION, ESTIMATION, AND
PROPORTIONAL REASONING

College Physics is up front about the constant use of simplified models and approxima-
tions in solving physics problems. One of the most difficult aspects of problem solving
that students need to learn is that some kind of simplified model or approximation is
usually required. We discuss how to know when it is reasonable to ignore friction or air
resistance, treat g as constant, ignore viscosity, treat a charged object as a point charge,
or ignore diffraction. A brief discussion of air resistance and terminal velocity in
Chapter 3 enables us to discuss when it is reasonable to ignore air resistance—and also
to show students that physics can account for these other effects.

Some Examples and Problems require the student to make an estimate—a useful
skill both in physics problem-solving and in many other fields. Similarly, we teach pro-
portional reasoning as not only an elegant shortcut but also as a means to understanding
patterns. We frequently use percentages and ratios to give students practice in using and
understanding them.

SHOWCASING AN INNOVATIVE ART PROGRAM

Throughout the book we emphasize the value of drawing diagrams to help visualize and
understand physical situations. We live up to our own advice by including many draw-
ings, using color to distinguish different kinds of physical quantities so students can
better see what concepts are important in each situation.

To help show that physics is more than a collection of principles that explain a set
of contrived problems, in every chapter we have developed several innovative
Showcase Illustrations to bring to life the connections between physics concepts and
the complex ways in which they are applied. We believe these illustrations, with sub-
jects ranging from three-dimensional views of electric field lines to the biomechanics of
the human body and from representations of waves to the distribution of electricity in
the home, will help students see the power and beauty of physics. We also provide
many photographs to convey the application of physics to the real world and to help
motivate many topics.

INNOVATIVE ORGANIZATION

There are a few places where, for pedagogical reasons, the organization of our text dif-
fers from that of most textbooks. The most significant reorganization is in the treatment
of forces and motion. In College Physics, the central theme of Chapters 2—4 is force.
Kinematics is woven into the fabric of the three force chapters as a tool to understand
how forces affect motion. Overall, we spend less time on kinematics and more time on
forces. This approach has these advantages:

» The first few chapters in any text set up student expectations that are hard to change
later. If the course starts with a series of definitions of the kinematic quantities,
with no explanation of why we are interested in those quantities, students may see
physics as a series of equations to memorize and manipulate. Similarly, it is not a
good precedent for students to learn all of the vector techniques at the outset when
they are not yet needed.

«  We explain to students that we develop the kinematic concepts so we can under-
stand the effect of a net force on the motion of an object. Newton’s second law is
the key reason why we need a precise definition of acceleration; to define accelera-
tion requires that we first define displacement and velocity. If the definitions of
these quantities are imprecise, we cannot hope to understand how forces change
the state of motion of an object. We have found that laying out this clear program at
the start of the course helps students realize that in physics, physical concepts
determine understanding, not mathematics.



« Learning kinematics first may suggest to students that physics is not connected to
the real world. If they are told that objects all fall with the same acceleration—
which they know from experience to be false—they learn not to trust the principles
they’re learning. With an understanding of forces and Newton’s laws, College
Physics enables the student to learn that constant acceleration is an approximation
and to learn how to judge when that approximation is reasonable.

« A gradual introduction to vectors lets students acquire basic vector skills before
moving on to more difficult ideas. We spread the vector material over three chap-
ters, introducing vector techniques as needed, so students are not overloaded with
formalism. We emphasize understanding how the physical vector quantities behave
and can be analyzed, so that students are not required to learn the operations of an
abstract mathematical entity before they have any inkling of how essential they are
to problem solving in physics. It is our experience that by the time students reach
Chapter 4, on forces and nonuniform motion in two dimensions, they have already
attained a high level of proficiency with vector techniques (and with the conceptual
framework of Newton’s laws).

«  We use correct vector terminology and methods from the very beginning. Even
in one dimension, displacements, velocities, and accelerations are treated as
vector quantities. Chapter 2 starts with the graphical addition of one-dimen-
sional vectors. Chapter 3 introduces subtraction and component notation for
one-dimensional vectors. For example, we write “v, = =5 m/s” rather than
“v =-5m/s” when we are talking about a velocity component; we carefully dis-
tinguish components from magnitudes. Thus the students carry over everything
they learned about vectors in one dimension to two dimensions, without any
change of notation. Some of our class testers report fewer students struggling
with the concept of vector components using College Physics compared to their
previous textbook.

«  We begin in Chapter 2 with Newton’s laws of motion so the students can build a
solid conceptual framework in situations where the mathematics is simple. If
forces were not introduced until Chapter 4, the students would have much less time
to overcome conceptual difficulties associated with Newton’s laws and would have
much less practice applying them.

ACCURACY ASSURANCE

The authors and the publisher acknowledge the fact that inaccuracies can be a source of
frustration for both the instructor and students. Therefore, throughout the writing and
production of this textbook we have worked diligently to eliminate errors. We would
like to describe the process used to assure the accuracy of this textbook.

Dr. Larry Rowan, of the University of North Carolina, checked the accuracy of all
textual examples, practice problems and solutions, and end-of-chapter questions and
problems in the second draft of the manuscript. Corrections were made to the final draft
manuscript by the authors.

Dr. Richard Heinz, of Indiana University, and Dr. Marllin Simon, of Auburn
University, then independently checked the accuracy of all textual examples and prac-
tice problems and solutions and worked all end-of-chapter questions and problems in
the final draft of the manuscript.

Bill Fellers of Laurel Technology also conducted an independent accuracy check
and worked all end-of-chapter questions and problems in the final draft of the manu-
script. He then coordinated his efforts with Dr. Heinz, Dr. Simon, and the authors to
resolve any discrepancies to ensure the accuracy of not only the text, but also the end of
book answer section and the solutions manuals. Corrections were then made to the
manuscript before it was typeset.

The page proofs of the text were double-proofread against the manuscript to ensure
the correction of any errors introduced when the manuscript was typeset. The textual
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“It was easier to understand these
ideas since we came from reading
about Newton’s laws.”—student,
Bradley University

“I was concerned about having
Newton’s Laws before kinematics
until I read the chapters. After read-
ing the chapters I think that this
ordering is preferable to the more
traditional order. . . . The approach
that is taken with Newton’s laws,
introducing them at the beginning
and spreading them out throughout
the next three chapters is also very
good. Understanding Newton’s laws
is one of the most difficult things that
the students have to do in this class,
and teaching them over and over
again over a period of time is the
best way to do it. I really liked the
approach here.”—Dr. Grant Hart,
Brigham Young University
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examples, practice problems and solutions, end-of-chapter questions and problems, and
problem answers were accuracy checked by Laurel Technology again at the page proof
stage after the manuscript was typeset. This last round of corrections was then cross-
checked against the solution manuals.

TO THE STUDENT: HOW TO USE THIS TEXTBOOK

Welcome! We hope that you enjoy your physics course. While studying physics does
require hard work, in writing this book we have tried to remove the obstacles that some-
times make introductory physics unnecessarily difficult. We have also tried to show the
beauty inherent in the principles of physics and how these principles are manifest all
around you.

In our years of teaching experience, we have found that studying physics is a skill
that must be learned. It’s much more effective to study a physics textbook, which
involves active participation on your part, rather than to read through passively. Even
though active study takes more time initially, in the long run it will save you time; you
learn more in one active study session than in three or four superficial readings. Here
are some suggestions to help you get the most out of your study:

« Study the text before attending class on the same topic. Knowing what’s in the
book helps you take notes selectively rather than scrambling to write everything
down. You’ll be able to absorb more of the subtleties and difficult points from
class. You’ll also have some good questions to ask your instructor.

« Don’t try to read an entire chapter in one sitting; study one or two sections at a
time. It’s difficult to maintain your concentration in a long session with so many
new concepts and skills to learn.

« As you study, take particular note of these elements:
Boxed laws, rules, and equations indicate the most important and central concepts.

ﬁ indicates a warning about a common student misconception or point of
confusion.

indicates a helpful problem-solving tip.

Boxed problem-solving strategies give detailed information on solving a particular
type of problem.

«  When you come to an Example, pause after you’ve read the problem. Think about
the strategy you would use to solve the problem. See if you can work through the
problem on your own. Now study the Strategy, Solution, and Discussion in the
textbook. Sometimes you will find that your own solution is right on the mark; if
not, you can focus your attention on the place where you got stuck or any mistakes
you may have made.

« Work the Practice Problem after each Example to practice applying the physics
concepts and problem solving skills you’ve just learned. Check your answer with
the one given at the end of the chapter. If your answer isn’t correct, review the pre-
vious section in the textbook to try to find your mistake.

o Take time to study the figures and graphs carefully.

« Find a study partner and get together regularly. Go over the difficulties either of
you may be having. Take turns explaining things to each other—you learn a
tremendous amount when you teach someone else. Compare your solutions to the
Practice Problems. Discuss some of the Conceptual Questions from the end of the
chapter.

o Try the Physics at Home experiments. They reinforce key physics concepts and
help you see how these concepts operate in the world around you.



o Write your own chapter summary or outline and then compare it with the summary
provided at the end of the chapter. This will help you identify the most important
and fundamental concepts in each chapter.

We hope that these suggestions will help you get the most out of College Physics. We
have spent many years working with students, both in the classroom and one-on-one in
a self-paced course. We wrote this book so you could benefit from our experience as we
carefully address the points that have caused difficulties for our students in the past. We
also wish to share with you some of the pleasure and excitement we have found in
learning about the physical laws that govern our world.
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