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Useful Data

Iy
/).Ilnl

Vsound

dg

Mass of the earth
Radius of the earth

Acceleration due to gravity

Gravitational constant
Boltzmann’s constant
Gas constant
Avogadro’s number
Absolute zero
Standard atmosphere

Speed of sound in air at 20°C
Mass of the proton (and the neutron)

Mass of the electron

Coulomb’s law constant (1/41r€,)

Permittivity constant
Permeability constant

Fundamental unit of charge
Speed of light in vacuum

Planck’s constant
Planck’s constant
Bohr radius

Common Prefixes

Prefix Meaning
femto- 10"
pico- 10"
nano- 1077
micro- 10°°
milli- 1073
centi- 102
kilo- 10°
mega- 10°
giga- 10°
terra- 10"

Mathematical Approximations

Binominal Approximation:

Small-Angle Approximation:

Greek Letters Used in Physics

Alpha
Beta
Gamma
Delta
Epsilon
Eta
Theta
LLambda
Mu

O

T >3 N IR WK

5.98 X 10* kg
6.37 X 10°m
9.80 m/s’

6.67 X 10" N m%/kg’

1.38 X 10 2 J/K

8.31 J/mol K

6.02 < 10> particles/mol

—=273°C
101,300 Pa
343 m/s
1.67 X
9.11 X
8.99 X
8.05 X
1.26 X
1.60 X
3.00 X
6.63 X
1.05 X
5.29 X

107" kg
10 kg

107" ¢C
10% m/s
10775
1077
10 ""'m

Conversion Factors

Length
lin =2.54cm
I mi = 1.609 km

I m = 39.37in
Il km = 0.621 mi

Velocity
I mph = 0.447 m/s
I m/s = 2.24 mph = 3.28 ft/s

Mass and energy

lu= 1661 X 1077 kg
Ical =4.19]

leV =1.60x 10 "]

(1 +0)"=14+nxifx<< 1
sinf) = tanf = 6 and cosf = 1 if § << 1 radian

Pi

Rho

Sigma >
Tau

Phi )
Psi

Omega Q

10” N m*/C’
102 C?/N m?
107 °T m/A

4.14 X 107" eVs
6.58 X 107 1%eV g

Time

I day = 86,400 s

[ year = 3.16 X 107 s

Pressure

I 'atm = 101.3 kPa = 760 mm of Hg
I atm = 14.7 Ib/in®

Rotation

I rad = 180°/7r = 57.3°

I rev = 360° = 27 rad

I rev/s = 60 rpm
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Astronomical Data

Planetary Mean distance Period Mass Mean radius
body from sun (m) (years) (kg) (m)

Sun — — 1.99 x 10% 6.96 X 10°
Moon 3.84 X 10 27.3 days 7.36 X 10% 1.74 X 10°
Mercury 5.79 x 10" 0.241 3.18 X 10% 2.43 X 10°
Venus 1.08 x 10" 0.615 4.88 x 10 6.06 X 10°
Earth 1.50 X 10" 1.00 5.98 x 10* 6.37 X 10°
Mars 2.28 X 10" 1.88 6.42 X 10% 3.37 X 10°
Jupiter 7.78 X 10" 11.9 1.90 x 1077 6.99 X 10’
Saturn 1.43 x 10" 205 5.68 X 10% 5.85 x 10’
Uranus 2.87 X 10" 84.0 8.68 X 107 2.33 X 10’
Neptune 4.50 x 10" 165 1.03 X 10* 2.21 X 107

*Distance from earth

Typical Coefficients of Friction

Static Kinetic Rolling
Material My M M
rubber on concrete 1.00 0.80 0.02
steel on steel (dry) 0.80 0.60 0.002
steel on steel (lubricated) 0.10 0.05
wood on wood 0.50 0.20
wood on snow 0.12 0.06
ice on ice 0.10 0.03
Properties of Materials
Substance p (kg/m?) ¢ (J/kgK)
air at STP* 1.2
ethyl alcohol 790 2400
gasoline 680
glycerin 1260
mercury 13,600 140
ol (typical) 900
seawater 1030
water 1000 4190
aluminum 2700 900
copper 8920 385
gold 19,300 129
ice 920 2090
iron 7870 449
lead 11,300 128
silicon 2330 703

*Standard temperature (0°C) and pressure (1 atm)



THE PHYSICS TEXTBOOK 85% OF STUDENTS PREFER COMES WITH THE MOST EFFECTIVE
AND VALUABLE MULTIMEDIA AVAILABLE TO HELP YOU SUCCEED IN YOUR COURSE.
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MasteringPhysics™ is the first
Socratic tutoring system devel-
oped specifically for physics
students like you. It is the
result of years of detailed
studies of how students work
physics problems, and where
they get stuck and need help.
Studies show students who
used MasteringPhysics signifi-
cantly improved their scores
on traditional final exams and
the Force Concept Inventory (a
conceptual test) when com-
pared with traditional hand-
graded homework.

STUDENT ACCESS KIT

RANDALL D. KNIGHT'S
PHYSICS FOR SCIENTISTS AND ENGINEERS.

ActivPhysics™ OnLine utilizes visualiza-
tion, simulation and multiple representa-
tions to help you better understand key
physical processes, experiment quantita-
tively, and develop your critical-thinking
skills. This library of online interactive sim-
ulations are coupled with thought-provok-
ing questions and activities to guide
your understanding of physics.

Website: www.aw-bc.com/knight

Minimum System Requirements:
Windows: 250 MHz; OS 98, NT, ME, 2000, XP
Macintosh: 233 MHz; 0S 9.2, 10

Both:

e 64 RAM installed

e 1024 x 768 screen resolution

e Browsers: Internet Explorer 5.5, 6.0;
Netscape 6.2.3, 7.0

e Plug Ins: Macromedia’s Flash 6.2.3

With your purchase of a new copy of
Knight's Physics for Scientists and
Engineers, you should have received a
Student Access Kit for MasteringPhysics™
if your professor required it as a component
of your course. The kit contains instructions
and a code for youto access MasteringPhysics.

\

If you did not purchase a new textbook and
your professor requires you to enroll in the
MasteringPhysics online homework and tuto-
rial program, you may purchase an online
subscription with a major credit card. Go to
www.masteringphysics.com and follow the
links to purchasing online.

Minimum System Requirements:
Windows: 250 MHz; OS 98, NT, ME, 2000, XP
Macintosh: 233 MHz; OS 9.2, 10

RedHat Linux 8.0

All:

e 64 RAM installed

e 1024 x 768 screen resolution

e Browsers: Internet Explorer 5.0, 5.5, 6.0;
Netscape 6.2.3, 7.0; Mozilla 1.2, 1.3

MasteringPhysics™ is powered by

MyCyberTutor by Effective Educational
Technologies

AWO003



Table of Problem-Solving Strategies

Note for users of the five-volume edition:

Volume | (pp. 1-481) includes chapters 1-15.
Volume 2 (pp. 482-607) includes chapters 16—19.
Volume 3 (pp. 608-779) includes chapters 20-24.
Volume 4 (pp. 780-1194) includes chapters 25-36.
Volume 5 (pp. 1148-1383) includes chapters 36-42.

Chapters 37—42 are not in the Standard Edition.
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Chapter 1 1.1 Motion diagrams 17
Chapter 1 1.2 Problem-solving strategy 24
Chapter 2 2.1 Kinematics with constant acceleration 57
Chapter 5 5.1 Equilibrium problems 123
Chapter 5 5.2 Dynamics problems 126
Chapter 6 6.1 Projectile motion problems 161
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Preface to the Instructor

In 1997 we published Physics: A Contemporary Perspective. This was the first
comprehensive, calculus-based textbook to make extensive use of results from
physics education research. The development and testing that led to this book had
been partially funded by the National Science Foundation. In the preface we
noted that it was a “work in progress” and that we very much wanted to hear from
users—both instructors and students—to help us shape the book into a final form.

And hear from you we did! We received feedback and reviews from roughly
150 professors and, especially important, 4500 of their students. This textbook,
the newly titled Physics for Scientists and Engineers: A Strategic Approach, is the
result of synthesizing that feedback and using it to produce a book that we hope is
uniquely tuned to helping today’s students succeed. It is the first introductory
textbook built from the ground up on research into how students can more effec-
tively learn physics.

Objectives

My primary goals in writing Physics for Scientists and Engineers: A Strategic
Approach have been:

® To produce a textbook that is more focused and coherent, less encyclopedic.

® To move key results from physics education research into the classroom in a
way that allows instructors to use a range of teaching styles.

® To provide a balance of quantitative reasoning and conceptual understanding,
with special attention to concepts known to cause student difficulties.

® To develop students’ problem-solving skills in a systematic manner.

® To support an active-learning environment.

These goals and the rationale behind them are discussed at length in my small
paperback book, Five Easy Lessons: Strategies for Successful Physics Teaching
(Addison Wesley, 2002). Please request a copy from your local Addison Wesley
sales representative if it would be of interest to you (ISBN 0-8053-8702-1).

Textbook Organization

The 42-chapter extended edition (ISBN 0-8053-8685-8) of Physics for Scientists
and Engineers is intended for use in a three-semester course. Most of the
36-chapter standard edition (ISBN 0-8053-8982-2), ending with relativity, can be
covered in two semesters, but the judicious omission of a few chapters will avoid
rushing through the material and give students more time to develop their knowl-
edge and skills.

There’s a growing sentiment that quantum physics is quickly becoming the
province of engineers, not just scientists, and that even a two—semester course
should include a reasonable introduction to quantum ideas. The Instructor’s
Guide outlines a couple of routes through the book that allow most of the quan-
tum physics chapters to be reached in two semesters. I’ve written the book with
the hope that an increasing number of instructors will choose one of these routes.

Five EAsy LeEssoNs

Strategies for Successful
Physics Teaching

S

Ranparr D. KNIGHT

vii



viii Preface to the Instructor

Extended edition, with modern physics
(ISBN 0-8053-8685-8): chapters 1-42.
Standard edition (ISBN 0-8053-8982-2):
chapters 1-36.

Volume 1 (ISBN 0-8053-8963-6)

covers mechanics: chapters 1-15.
Volume 2 (ISBN 0-8053-8966-0)

covers thermodynamics: chapters 16-19.

Volume 3 (ISBN 0-8053-8969-5)

covers waves and optics: chapters 20-24.

Volume 4 (ISBN 0-8053-8972-5)
covers electricity and magnetism,
plus relativity: chapters 25-36.
Volume 5 (ISBN 0-8053-8975-X)
covers relativity and quantum physics:
chapters 36-42.

Volumes 1-5 boxed set

(ISBN 0-8053-8978-4).

TACTICs Box 4.3 Drawing a free-body diagram

© Identify all forces acting on the object. This step was described in Tac-

tics Box 4.2.

@ Draw a coordinate system. Use the axes defined in your pictorial repre-
sentation. If those axes are tilted, for motion along an incline, then the
axes of the free-body diagram should be similarly tilted. i

© Represent the object as a dot at the origin of the coordinate axes.

This is the particle model.

© Draw vectors representing each of the identified forces. This was
described in Tactics Box 4.1. Be sure to label each force vector.

© Draw and label the net force vector F,. Draw this vector beside the
diagram, not on the particle. Or, if appropriate, write F,,, = 0. Then
check that ﬁnet points in the same direction as the acceleration vector a

on your motion diagram.

The full textbook is divided into seven parts: Part I: Newton’s Laws, Part 1I:
Conservation Laws, Part III: Applications of Newtonian Mechanics, Part 1V:
Thermodynamics, Part V: Waves and Optics, Part VI: Electricity and Magnetism,
and Part VII: Relativity and Quantum Mechanics. Although I recommend cover-
ing the parts in this order (see below), doing so is by no means essential. Each
topic is self-contained, and Parts III-VI can be rearranged to suit an instructor’s
needs. To facilitate a reordering of topics, the full text is available in the five indi-
vidual volumes listed in the margin.

Organization Rationale: Thermodynamics is placed before waves because it is a
continuation of ideas from mechanics. The key idea in thermodynamics is energy,
and moving from mechanics into thermodynamics allows the uninterrupted
development of this important idea. Further, waves introduce students to func-
tions of two variables, and the mathematics of waves is more akin to electricity
and magnetism than to mechanics. Thus moving from waves to fields to quantum
physics provides a gradual transition of ideas and skills.

The purpose of placing optics with waves is to provide a coherent presentation
of wave physics, one of the two pillars of classical physics. Optics as it is pre-
sented in introductory physics makes no use of the properties of electromagnetic
fields. There’s little reason other than historical tradition to delay optics until after
E&M. The documented difficulties that students have with optics are difficulties
with waves, not difficulties with electricity and magnetism. However, the optics
chapters are easily deferred until the end of Part VI for instructors who prefer that
ordering of topics.

More Effective Problem-Solving Instruction

Careful and systematic instruction is provided on all aspects of problem solving.
Some of the features that support this approach are described here, and more
details are provided in the Instructor’s Guide.

B An emphasis on using multiple representations—descriptions in words, pic-
tures, graphs, and mathematics—to look at a problem from many perspectives.

® The explicit use of models, such as the particle model, the wave model, and the
field model, to help students recognize and isolate the essential features of a
physical process.

B racTics Boxes for the development of particular skills, such as drawing a free-
body diagram or using Lenz’s law. Tactics Box steps are explicitly illustrated
in subsequent worked examples, and these are often the starting point of a full
problem-solving strategy.

TACTICS Box 32.2 Evaluating line integrals

O If Bis everywhere perpendicular to
a line, the line integral of B is

4
fﬁ-d5’=0

@ If B is everywhere tangent to a line
of length L and has the same magni-
tude B at every point, the line inte-
gral of Bis J

=18

: &
J’E-d§=BL



PROBLEM-SOLVING STRATEGIES that help students develop con-
fidence and more proficient problem-solving skills through
the use of a consistent four-step approach: MODEL, VISUALIZE,
SOLVE, Assess. Strategies are provided for each broad class of
problems, such as dynamics problems or problems involving
electromagnetic induction. The &9 icon directs students to
the specially developed Skill Builder tutorial problems in
MasteringPhysics™ (see page xi), where they can interac-
tively work through each of these strategies online.

Worked exampLEs that illustrate good problem-solving prac-
tices through the consistent use of the four-step problem-
solving approach and, where appropriate, the Tactics Box
steps. The worked examples are often very detailed and care-
fully lead the student step by step through the reasoning
behind the solution, not just through the numerical calcula-
tions. Steps that are often implicit or omitted in other text-
books, because they seem so obvious to experts, are explicitly
discussed since research has shown these are often the points
where students become confused.

noTe » Paragraphs within worked examples caution against
common mistakes and point out useful tips for tackling
problems.

The Student Workbook (see page xi), a unique component of
this text, bridges the gap between worked examples and end-
of-chapter problems. It provides qualitative problems and
exercises that focus on developing the skills and conceptual
understanding necessary to solve problems with confidence.
Approximately 3000 original and diverse end-of-chapter
problems have been carefully crafted to exercise and test the
full range of qualitative and quantitative problem-solving
skills. Exercises, which are keyed to specific sections, allow
students to practice basic skills and computations. Problems
require a better understanding of the material and often draw
upon multiple representations of knowledge. Challenge Prob-
lems are more likely to use calculus, utilize ideas from more
than one chapter, and sometimes lead students to explore
topics that weren’t explicitly covered in the chapter.

Preface to the Instructor ix

‘w PROBLEM-SOLVING STRATEGY 5.2 Dynamics problems

mopeL Make simplifying assumptions.
VISUALIZE

Pictorial representation. Show important points in the motion with a
sketch, establish a coordinate system, define symbols, and identify what the
problem is trying to find. This is the process of translating words to symbols.

Physical representation. Use a motion diagram to determine the object’s
acceleration vector a. Then identify all forces acting on the object and show
them on a free-body diagram.

It’s OK to go back and forth between these two steps as you visualize the
situation.

sowve The mathematical representation is based on Newton'’s second law
Fre = EF i = ma
7

The vector sum of the forces is found directly from the free-body diagram.
Depending on the problem, either

®m Solve for the acceleration, then use kinematics to find velocities and
positions, or

® Use kinematics to determine the acceleration, then solve for unknown
forces.

assess Check that your result has the correct units, is reasonable, and
answers the question.

STUDENT WORKBOOK

Proven Features to Promote
Deeper Understanding

Research has shown that many students taking calculus-based physics arrive with
a wealth of misconceptions and subsequently struggle to develop a coherent
understanding of the subject. Using a number of unique, reinforcing techniques,
this book tackles these issues head-on to enable students to build a solid founda-
tion of understanding.

B A concrete-to-abstract approach introduces new concepts through observa-
tions about the real world and everyday experience. Step by step, the text then
builds up the concepts and principles needed by a theory that will make sense
of the observations and make new, testable predictions. This inductive
approach better matches how students learn, and it reinforces how physics—
and science in general—operates.
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I. The wave is B sTop TO THINK questions embedded in each chapter allow students to assess
Mirror M divided at 5 S, . :
= ‘h'i;];:i,; whether they’ve understood the main idea of a section. The Stop to Think
-y s . . . . . . .
i ! " e questions, which include concept questions, ratio reasoning, and ranking tasks,
L ' < i are primarily derived from physics education research.
| B NOTE P paragraphs draw attention to common misconceptions, clarify possi-
ik - =2 - »I . . . . . . .
P ble confusions in terminology and notation, and provide important links to
?;“i't‘l“ﬂ ) previous topics.
Adjistmitt ® Unique annotated figures, based on research into visual learning modes, make
{ % \ sy the artwork a teaching tool on a par with the written text. Commentary in
Em . A blue—the “instructor’s voice”—helps students “read” the figure. Students
he superposition of the waves recombine p i ; i
two waves that have at this point. “learn by viewing” how to interpret a graph, how to translate between multiple

traveled different paths.

Annotated FIGURE showing the operation

of the Michelson interferometer.

The goal of Chapter 27 has been to understand and apply Gauss's law.

GENERAL PRINCIPLES
Gauss’s Law

For any closed surface enclosing net charge Q,,, the net electric flux through
the surface is

0= §5di =%

“The electric flux , is the same for any closed surface enclosing charge Q,,.

IMPORTANT CONCEPTS

Charge creates the electric field that
is responsible for the eletric flux.

Gaussian surface

representations, how to grasp a difficult concept through a visual analogy, and
many other important skills.

® The learning goals and links that begin each chapter outline what the student
needs to remember from previous chapters and what to focus on in the chapter
ahead.

P Looking Ahead lists key concepts and skills the student will learn in the
coming chapter.

< Looking Back suggests important topics students should review from
previous chapters.

® Unique schematic Chapter Summaries help students organize their knowledge
in an expert-like hierarchy, from general principles (top) to applications (bot-
tom). Side-by-side pictorial, graphical, textual, and mathematical representa-
tions are used to help students with different learning styles and enable them to
better translate between these key representations.

B Part Overviews and Summaries provide a global framework for the student’s
learning. Each part begins with an overview of the chapters ahead. It then con-
cludes with a broad summary to help students draw connections between the
concepts presented in that set of chapters. KNOWLEDGE STRUCTURE tables in the
part summaries, similar to the chapter summaries, help students see a forest
rather than dozens of individual trees.

knowtence sTructure | Newton'’s Laws

ESSENTIAL CONCEPTS
BASIC GOALS

Particle, acceleration, force, interaction
How does a particle respond to a force? How do systems interact?

GENERAL PRINCIPLES ~ Newton’s first law  An object will remain at rest or will continue to move with constant

Symmetry velocity (equilibrium) if and only if Fj,, = 0.
The symmetry of the electric field must match the

L r gty =
Syromesy of the chie Newton’s second law F,., = ma

Inpractice, B, is computable only if the symmetry Newton’s thirdlaw  Fy oo = —Fyona
of the Gaussian surface matches the symmetry of e b

the charge distribution.

BASIC PROBL'EM~SOLVING STRATEGY Use Newton’s second law for each particle or system. Use Newton's third law to equate
SEid

the of the two bers of an acti ion pair.
® Linear motion Trajectory motion Circular motion
ot E F, = ma, E F.=0 2 F, = ma, 2 F, = m*r = ma*r
or
250 2 1= ma, 2 F, = lay X E=0

Flux is the amount of electric field
passing through a surface of arca A

@, =EA
A is the area vector

' N

For closed surfaces:
A net flux in or out indicates that
the surface encloses a net charge. g

T
Field lines through but with no - e

Surface integrals calculate the flux by summing the fluxes
through many small picces of the surface. ;

@, = Si-sh B2 ﬁ‘ £
- [za v

‘Two important situations:
I the elecric field is everywhere

Linear and trajectory kinematics

Uniform acceleration: vy, = v;, + a,Ar |

a, = constant]
@, ) st =5 + viAr + da(Ar)?

vt = w2 20 A

Circular kinematics
Uniform circular motion:
6; = 6, + wAr

5
a. =Vir=or

net flux mean that the surface
encloses no net charge

APPLICATIONS

Conductors in electrostatic equilibrium
+ The electric field is zero at all points within the conductor.

+ Any excess charge resides entirely on the exterior surface.

* The extemal electric field is perpendicular (o the surface and of magnitude n/e,, where 7 is the

surface charge density.

* The electric field is zero inside any hole within a conductor unless there is a charge in the hole.

tangent (o the surface, then o @\\}

= i & P, WG
. q’“, i Trajectories: The same equations are used for both x and y.
If the elecic field is everywhere 7 L R
perpendicular (o the surface and has i £t o
the same strength £ at all points, then Uniform motion: 5= 5 T v
@, = EA \/) (a = 0, v, = constant)
General case v, = ds/dt = slope of the position graph

a, = dv,/dt = slope of the velocity graph

1
Vi = v + J’ agdt = v;; + area under the acceleration curve
#

i
sp=st I v,dt = s; + area under the velocity curve
4



The Student Workbook

A key component of Physics for Scientists and Engineers: A Strategic Approach
is the accompanying Student Workbook. The workbook bridges the gap between
textbook and homework problems by providing students the opportunity to learn
and practice skills prior to using those skills in quantitative end-of-chapter prob-
lems, much as a musician practices technique separately from performance
pieces. The workbook exercises, which are keyed to each section of the textbook,
focus on developing specific skills, ranging from identifying forces and drawing
free-body diagrams to interpreting wave functions.

The workbook exercises, which are generally qualitative and/or graphical,
draw heavily upon the physics education research literature. The exercises deal
with issues known to cause student difficulties and employ techniques that have
proven to be effective at overcoming those difficulties. The workbook exercises
can be used in-class as part of an active-learning teaching strategy, in recitation
sections, or as assigned homework. More information about effective use of the
Student Workbook can be found in the Instructor’s Guide.

Available versions: Extended (ISBN 0-8053-8961-X), Standard (ISBN 0-8053-
8984-9), Volume 1 (ISBN 0-8053-8965-2), Volume 2 (ISBN 0-8053-8968-7),
Volume 3 (ISBN 0-8053-8971-7), Volume 4 (ISBN 0-8053-8974-1), and Volume 5
(ISBN 0-8053-8977-6).

Instructor Supplements

® The Instructor’s Guide for Physics for Scientists and Engineers (ISBN
0-8053-8985-7) offers detailed comments and suggested teaching ideas for
every chapter, an extensive review of what has been learned from physics edu-
cation research, and guidelines for using active-learning techniques in your
classroom.

® The Instructor’s Solutions Manuals, Chapters 1-19 (ISBN 0-8053-8986-5),
and Chapters 20—42 (ISBN 0-8053-8989-X), written by Professors Pawan
Kahol and Donald Foster, at Wichita State University, provide complete solu-
tions to all the end-of-chapter problems. The solutions follow the four-step
Model/Visualize/Solve/Assess procedure used in the Problem-Solving Strate-
gies and all worked examples. Emphasis is placed on the reasoning behind the
solution, rather than just the numerical manipulations. The full text of each
solution is available as an editable Word document and as a pdf file on the
Instructor’s Supplement CD-ROM for your own use or for posting on your
course website.

® The cross-platform Instructor’s Resource CD-ROMs (ISBN 0-8053-8996-2)
consists of the Simulation and Image Presentation CD-ROM and the
Instructor’s Supplement CD-ROM. The Simulation and Image Presentation
CD-ROM provides a comprehensive library of more than 220 applets from
ActivPhysics OnLine, as well as all the figures from the textbook (excluding
photographs) in JPEG format. In addition, all the tables, chapter summaries,
and knowledge structures are provided as JPEGs, and the Tactics Boxes, Prob-
lem-Solving Strategies, and key (boxed) equations are provided in editable
Word format. The Instructor’s Supplement CD-ROM provides editable Word
versions and pdf files of the Instructor’s Guide and the Instructor’s Solutions
Manuals. Complete Student Workbook solutions are also provided as pdf files.

B MasteringPhysics™ (www.masteringphysics.com)is a sophisticated, research-
proven online tutorial and homework assignment system that provides
students with individualized feedback and hints based on their input. It pro-
vides a comprehensive library of conceptual tutorials (including one for each
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Problem-Solving Strategy in this textbook), multistep self-tutoring problems,
and end-of-chapter problems from Physics for Scientists and Engineers.
MasteringPhysics™ provides instructors with a fast and effective way to assign
online homework assignments that comprise a range of problem types. The
powerful post-assignment diagnostics allow instructors to assess the progress
of their class as a whole or to quickly identify individual students’ areas of
difficulty.
ActivPhysics™ OnLine (www.aw-bc.com/knight) provides a comprehensive
library of more than 420 tried and tested ActivPhysics applets updated for web
delivery using the latest online technologies. In addition, it provides a suite of
highly regarded applet-based tutorials developed by education pioneers Profes-
sors Alan Van Heuvelen and Paul D’ Alessandris. The ActivPhysics margin icon
directs students to specific exercises that complement the textbook discussion.
The online exercises are designed to encourage students to confront mis-
conceptions, reason qualitatively about physical processes, experiment quanti-
tatively, and learn to think critically. They cover all topics from mechanics to
electricity and magnetism and from optics to modern physics. The highly
acclaimed ActivPhysics OnLine companion workbooks help students work
through complex concepts and understand them more clearly. More than 220
applets from the ActivPhysics OnLine library are also available on the Simula-
tion and Image Presentation CD-ROM.
The Printed Test Bank (ISBN 0-8053-8994-6) and cross-platform Comput-
erized Test Bank (ISBN 0-8053-8995-4), prepared by Professor Benjamin
Grinstein, at the University of California, San Diego, contain more than 1500
high-quality problems, with a range of multiple-choice, true/false, short-
answer, and regular homework-type questions. In the computerized version,
more than half of the questions have numerical values that can be randomly
assigned for each student.
The Transparency Acetates (ISBN 0-8053-8993-8) provide more than
200 key figures from Physics for Scientists and Engineers for classroom pre-
sentation.

Student Supplements

The Student Solutions Manuals Chapters 1-19 (ISBN 0-8053-8708-0) and
Chapters 20-42 (ISBN 0-8053-8998-9), written by Professors Pawan Kahol
and Donald Foster at Wichita State University, provides detailed solutions to
more than half of the odd-numbered end-of-chapter problems. The solutions
follow the four-step Model/Visualize/Solve/Assess procedure used in the
Problem-Solving Strategies and all worked examples.

MasteringPhysics™ (www.masteringphysics.com) provides students with
individualized online tutoring by responding to their wrong answers and pro-
viding hints for solving multistep problems. It gives them immediate and up-to-
date assessment of their progress, and shows where they need to practice more.
ActivPhysics™ OnLine (www.aw-bc.com/knight) provides students with a
suite of highly regarded applet-based tutorials (see above). The accompanying
workbooks help students work though complex concepts and understand them
more clearly. The ActivPhysics margin icon directs students to specific exer-
cises that complement the textbook discussion.

ActivPhysics OnLine Workbook Volume 1: Mechanics * Thermal Physics
* Oscillations & Waves (ISBN 0-8053-9060-X)

ActivPhysics OnLine Workbook Volume 2: Electricity & Magnetism
* Optics * Modern Physics (ISBN 0-8053-9061-8)



® The Addison-Wesley Tutor Center (www.aw.com/tutorcenter) provides one-
on-one tutoring via telephone, fax, email, or interactive website during evening
hours and on weekends. Qualified college instructors answer questions and
provide instruction for Mastering Physics™ and for the examples, exercises,
and problems in Physics for Scientists and Engineers.
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