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Fundamental Constants

Quantity Symbol Approximate Value Current Best Value'
Speed of light in vacuum (i 3.00 X 10°m/s 2.99792458 X 10°m/s
Gravitational constant G 6.67 X 107" N-m?/kg? 6.6742(10) x 10" N-m?/kg?
Avogadro’s number Na 6.02 X 10% mol™! 6.0221415(10) X 10% mol ™!
Gas constant R 8.314J/mol-K = 1.99 cal/mol-K 8.314472(15) J/mol-K

= (.0821 L-atm/mol-K
Boltzmann’s constant k 138 X 1072 T/K 1.3806505(24) X 1072 I/K
Charge on electron e 1.60 X 107 C 1.60217653(14) x 107 C
Stefan-Boltzmann constant o 5.67 X 1078 W/m?-K* 5.670400(40) X 10~¥ W/m?-K*
Permittivity of free space € = (1/c’ug) 885 X 1072 C?/N-m? 8.854187817 ... X 1072C%/N-m?
Permeability of free space Ho 47 X 1077 T-m/A 1.2566370614 ... X 10°°T-m/A
Planck’s constant h 6.63 X 107 J-s 6.6260693(11) X 107 ] -5
Electron rest mass me 9.11 X 10 kg = 0.000549 u 9.1093826(16) X 103! kg

= 0.511 MeV/c? = 5.4857990945(24) x 10~*u
Proton rest mass my, 1.6726 X 107> kg = 1.00728 u 1.67262171(29) X 107" kg

= 938.3 MeV/c? = 1.00727646688(13) u
Neutron rest mass my 1.6749 X 107%" kg = 1.008665 u 1.67492728(29) % 10?7 kg

= 939.6 MeV/c? = 1.00866491560(55) u

Atomic mass unit (1 u)

1.6605 X 10%" kg = 931.5 MeV/c?

1.66053886(28) X 107" kg
= 931.494043(80) MeV/c*

"CODATA (12/03), Peter J. Mohr and Barry N. Taylor, National Institute of Standards and Technology. Numbers in parentheses indicate one-standard-
deviation experimental uncertainties in final digits. Values without parentheses are exact (i.e., defined quantities).

Other Useful Data The Greek Alphabet
Joule equivalent (1 cal) 4.186J Alpha A a Nu N v
Absolute zero (0 K) =273.15%C Beta B B Xi E &
Acceleration due to gravity Gamma T Y Omicron (0] 0
at Earth’s surface (avg.) 9.80m/s” (= g) Delta A 5 Pi il T
Speed of sound in air (20°C) 343 m/s Epsilon E € Rho P p
Density of air (dry) 1.29 kg/m? Zeta 7 ¢ Sigma s o
Earth: Mass 5.98 X 10%* kg Eta H n Tau it T
Radius (mean) 6.38 X 10° km Theta (G] 0 Upsilon b v
Moon: Mass 735 X 10% kg Iota 1 L Phi O b, @
Radius (mean) 1.74 X 10°km Kappa K K Chi X X
Sun:  Mass 1.99 x 10" kg Tambda A A Psi W o
Radius (mean) 6.96 x 10° km Mu M o Omega Q 2
Earth—Sun distance (mean) 149.6 X 10°km
Earth—Moon distance (mean) 384 X 10°km
Values of Some Numbers
7 = 3.1415927 V2 = 1.4142136 In2 = 0.6931472 logpe = 0.4342945
e = 2.7182818 V3 = 1.7320508 In 10 = 2.3025851 lrad = 57.2957795°
Mathematical Signs and Symbols Properties of Water
o is proportional to = is less than or equal to Density (4°C) 1.000 kg/m’?
= is equal to = is greater than or equal to Heat of fusion (0°C) 333 kJ/kg
~ is approximately equal to 2 sum of (80 kcal/kg)
# is not equal to x average value of x Heat of vaporization 2260 kJ/kg
> is greater than " Ax change in x (100°C) (539 kcal/kg)
>>  is much greater than Ax — 0 Ax approaches zero Specific heat (15°C) 4186 J/kg-C°
< is less than n! A(n —1)(A = 2)...(1) (1.00 keal/kg - C°)
<< s much less than Index of refraction 1.33




Unit Conversions (Equivalents)

Length Time

lin, = 2.54cm 1 day = 8.64 x 10*s
1cm = 0.3937 in. 1 year = 3.156 X 107s
1ft = 30.48 cm

1m = 39.37 in. = 3.281 ft

1 mi = 5280 ft = 1.609 km

1 km = 0.6214 mi

1 nautical mile (U.S.) = 1.151 mi = 6076 ft = 1.852 km
1 fermi = 1 femtometer (fm) = 10 ® m

1 angstrom (A) = 107"m = 0.1 nm

1 light-year (ly) = 9.461 X 10 m

1 parsec = 3261y = 3.09 X 10m

Mass

1 atomic mass unit (u) = 1.6605 X 107" kg
1 kg = 0.0685 slug
[1 kg has a weight of 2.20 Ib where g = 9.80 m/s”.]

Volume

1liter (L) = 1000 mL = 1000 cm® = 1.0 X 107 m? =
1.057 qt (U.S.) = 61.02in.3

1gal (US.) = 4qt(U.S.) = 231in> = 3.785L =
0.8327 gal (British)

1 quart (U.S.) = 2 pints (U.S.) = 946 mL

1 pint (British) = 1.20 pints (U.S.) = 568 mL

1 m® = 35.31 ft

Speed

1mi/h = 1.467 ft/s = 1.609 km/h = 0.447 m/s
1km/h = 0278 m/s = 0.621 mi/h

1ft/s = 0.305m/s = 0.682 mi/h

I m/s = 3.281 ft/s = 3.600 km/h = 2.237 mi/h
1knot = 1.151 mi/h = 0.5144 m/s

Angle

1 radian (rad) = 57.30° = 57°18’
19 = 0.01745 rad
1 rev/min (rpm) = 0.1047 rad/s

Force

1lb =445N

IN = 10° dyne = 0.2251b

Energy and Work

1] =107 ergs = 0.738 ft-1b

1ft-1b = 1.36] =
1 kcal = 4.186 X 10°J = 3.97 Btu

leV =1.602 x 107Y]

1 kWh = 3.60 X 10°J = 860 kcal

1.29 X 1073 Btu = 3.24 X 10 % kcal

Power

1W =11J/s = 0.738ft-Ib/s = 3.42 Btu/h
Lhp = 550ft-1b/s = 746 W

Pressure

1 atm

Il

= 760 torr

1.013 bar = 1.013 X 10°N/m?
14.71b/in.?
11b/in2 = 6.90 X 10> N/m?

1Pa = 1N/m? = 1.45 X 10~ 1b/in.2

Metric (Sl) Multipliers

Sl Derived Units and Their Abbreviations e TGS
¥ Terms of yotta Y 102‘;’
Quantity Unit Abbreviation Base Units' zeth 2 3
exa E 10
Force newton N kg-m/s’ peta P 10
Energy and work joule J kg-m?/s? tera i 10"
Power watt w kg m?/s’ giga G 107
Pressure pascal Pa kg/(m-s?) mega M 10°
Frequency hertz Hz g+ kilo k 10°
Electric charge coulomb (< A-s hecto h 102
Electric potential volt \% kg-m?/(A-s?) deka da 10!
Electric resistance ohm Q kg-m?/(A%:s?) deci d 10~
Capacitance farad F A’ 4/(kg m?) centi c 1072
Magnetic field tesla T kg/(A-s?) milli m 10=2
Magnetic flux weber Wb kg mz/(A -s%) micro m 10°°
Inductance henry H kg-m?/(s- A%) nano n 107°
"kg = kilogram (mass), m = meter (length). s = second (time), A = ampere (electric current). #00 P 10712
femto f 1o
asto a 19728
zepwo z 1072
yocto ¥y 107
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PREFACE

See the World through Eyes that Know Physics

This book is written for students. It has been written to give students a thorough
understanding of the basic concepts of physics in all its aspects, from mechanics to
modern physics. It aims to explain physics in a readable and interesting manner that
is accessible and clear, and to teach students by anticipating their needs and
difficulties without oversimplifying. A second objective is to show students how
useful physics is in their own lives and future professions by means of interesting
applications. In addition, much effort has gone into techniques and approaches
for solving problems.

This textbook is especially suited for students taking a one-year introductory
course in physics that uses algebra and trigonometry but not calculus. Many of
these students are majoring in biology or (pre)medicine, and others may be in
architecture, technology, or the earth or environmental sciences. Many applications
to these fields are intended to answer that common student query: “Why must I
study physics?” The answer is that physics is fundamental to a full understanding
of these fields, and here they can see how. Physics is all about us in the everyday
world. It is the goal of this book to help students “see the world through eyes that
know physics.”

Some of the new features in this sixth edition include (1) in-text Exercises for
students to check their understanding; (2) new Approach paragraphs for worked-
out Examples; (3) new Examples that step-by-step follow each Problem Solving
Box; (4) new physics such as a rigorously updated Chapter 33 on cosmology and
astrophysics to reflect the latest results in the recent “Cosmological Revolution™:
and (5) new applications such as detailed physics-based descriptions of liquid crystal
screens (LCD), digital cameras (with CCD), and expanded coverage of electrical
safety and devices. These and other new aspects are highlighted below.

Physics and How to Understand It

I have avoided the common, dry, dogmatic approach of treating topics formally
and abstractly first, and only later relating the material to the students’ own
experience. My approach is to recognize that physics is a description of reality and
thus to start each topic with concrete observations and experiences that students
can directly relate to. Then we move on to the generalizations and more formal
treatment of the topic. Not only does this make the material more interesting and
easier to understand, but it is closer to the way physics is actually practiced.

A major effort has been made to not throw too much at students reading the
first few chapters. The basics have to be learned first; many aspects can come later,
when the students are more prepared. If we don’t overwhelm students with too
much detail, especially at the start, maybe they can find physics interesting, fun, and
helpful—and those who were afraid may lose their fear.

The great laws of physics are emphasized by giving them a tan-colored screen
and a marginal note in capital letters enclosed in a rectangle. All important
equations are given a number to distinguish them from less useful ones. To help
make clear which equations are general and which are not, the limitations of
important equations are given in brackets next to the equation, such as

X =Xy + vt + 5at’ [constant acceleration]

Mathematics can be an obstacle to student understanding. I have aimed at
including all steps in a derivation. Important mathematical tools, such as addition



of vectors and trigonometry, are incorporated in the text where first needed, so
they come with a context rather than in a scary introductory Chapter. Appendices
contain a review of algebra and geometry (plus a few advanced topics: rotating
reference frames, inertial forces, Coriolis effect; heat capacities of gases and
equipartition of energy: Lorentz transformations). Systeme International (SI) units
are used throughout. Other metric and British units are defined for informational
purposes.

Chapter 1 is not a throwaway. It is fundamental to physics to realize that every
measurement has an uncertainty, and how significant figures are used to reflect
that. Converting units and being able to make rapid estimates are also basic. The
cultural aspects at the start of Chapter 1 broaden a person’s understanding of the
world but do not have to be covered in class.

The many applications sometimes serve only as examples of physical principles.
Others are treated in depth. They have been carefully chosen and integrated into
the text so as not to interfere with the development of the physics, but rather to
illuminate it. To make it easy to spot the applications, a Physics Applied marginal
note is placed in the margin.

Color is used pedagogically to bring out the physics. Different types of vectors
are given different colors (see the chart on page xxv). This book has been printed
in 5 colors (5 passes through the presses) to provide better variety and definition
for illustrating vectors and other concepts such as fields and rays. The photographs
opening each Chapter, some of which have vectors superimposed on them, have
been chosen so that the accompanying caption can be a sort of summary of the
Chapter.

Some of the new aspects of physics and pedagogy in this sixth edition are:

Cosmological Revolution: The latest results in cosmology and astrophysics are
presented with the generous help of top experts in the field. We give readers
the latest results and interpretations from the present, ongoing “Golden Age
of Cosmology.”

Greater clarity: No topic, no paragraph in this book was overlooked in the
search to improve the clarity of the presentation. Many changes and clarifi-
cations have been made, both small and not so small. One goal has been to
eliminate phrases and sentences that may slow down the principle argument:
keep to the essentials at first, give the elaborations later.

Vector notation, arrows: The symbols for vector quantities in the text and
Figures now have a tiny arrow over them, so they are similar to what a
professor writes by hand in lecture. The letters are still the traditional boldface:
thus v for velocity, F for force.

Exercises within the text, for students to check their understanding. Answers
are given at the end of the Chapter.

Step-by Step Examples, after a Problem Solving Box, as discussed on
page Xvii.

Conceptual Examples are not a new feature, but there are some new ones.

Examples modified: more math steps are spelled out, and many new Examples
added: see page xvii.

Page layout: Complete Derivations. Even more than in the previous edition,
serious attention has been paid to how each page is formatted. Great effort has
been made to keep important derivations and arguments on facing pages.
Students then don’t have to turn back and forth. Throughout the book readers
see before them, on two facing pages, an important slice of physics.

Subheads: Many of the Sections within a Chapter are now divided into
subsections, thus breaking up the topics into more manageable “bites.” They
allow “pauses” for the students to rest or catch their breath.

4 NEW

4 NEW

4 NEW
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Marginal notes: Caution. Margin notes, in blue, point out main topics acting
as a sort of outline and as an aid to find topics in review. They also point out
applications and problem-solving hints. A new type, labeled CAUTION, points
out possible misunderstandings discussed in the adjacent text.

Deletions. To keep the book from being too long, and also to reduce the burden
on students in more advanced topics, many topics have been shortened or
streamlined, and a few dropped.

New Physics Topics and Major Revisions

Here is a list of major changes or additions, but there are many others:

Symmetry used more, including for solving Problems

Dimensional analysis, optional (Ch. 1)

More graphs in kinematics (Ch. 2)

Engine efficiency (Chs. 6, 15)

Work-energy principle, and conservation of energy: new subsection (Ch. 6);
carried through in thermodynamics (Ch. 15) and electricity (Ch. 17)

Force on tennis ball by racket (Ch. 7)

Airplane wings, curve balls, sailboats, and other applications of Bernoulli’s
principle: improved and clarified with new material (Ch. 10)

Distinguish wave interference in space and in time (beats) (Ch. 11)

Doppler shift for light (Ch. 12 now, as well as Ch. 33)

Giant star radius (Ch. 14)

First law of thermodynamics rewritten and extended, connected better to
work-energy principle and energy conservation (Ch. 15)

Energy resources shortened (Ch. 15)

SEER rating (Ch. 15)

Separation of charge in nonconductors (Ch. 16)

Gauss’s law, optional (Ch. 16)

Photocopiers and computer printers (Ch. 16)

Electric force and field directions emphasized more (Chs. 16, 17)

Electric potential related better to work, more detail (Ch. 17)

Dielectric effect on capacitor with and without connection to voltage plus
other details (Ch. 17)

Parallel-plate capacitor derivation, optional (Ch. 17)

Electric hazards, grounding, safety, current interrupters: expanded with much
new material (Chs. 17, 18, 19 especially, 20, 21)

Electric current, misconceptions discussed in Chapter 18

Superconductivity updated (Ch. 18)

Terminal voltage and emf reorganized, with more detail (Ch. 19)

Magnetic materials shortened (Ch. 20)

Right-hand rules summarized in a Table (Ch. 20)

Faraday’s and Lenz’s laws expanded (Ch. 21)

AC circuits shortened (Ch. 21), displacement current downplayed (Ch. 22)

Radiation pressure and momentum of EM waves (Ch. 22)

Where to see yourself in a mirror; where you can actually see a lens image (Ch.23)

Liquid crystal displays (LCD) (Ch. 24)

Physics behind digital cameras and CCD (Ch. 25)

Seeing under water (Ch. 25)

Relativistic mass redone (Ch. 26)

Revolutionary results in cosmology: flatness and age of universe, WMAP.
SDSS, dark matter, and dark energy (Ch. 33)

Specific heats of gases, equipartition of energy (Appendix)



Problem Solving, with New and Improved Approaches

Being able to solve problems is a valuable technique in general. Solving problems
is also an effective way to understand the physics more deeply. Here are some of
the ways this book uses to help students become effective problem solvers.

Problem Solving Boxes, about 20 of them, are found throughout the book
(there is a list on p. xiii.). Each one outlines a step-by-step approach to solving
problems in general, or specifically for the material being covered. The
best students may find these “boxes™ unnecessary (they can skip them), but
many students may find it helpful to be reminded of the general approach and
of steps they can take to get started. The general Problem Solving Box in
Section 4-9 is placed there, after students have had some experience wrestling
with problems, so they may be motivated to read it with close attention. Section
4-9 can be covered earlier if desired. Problem Solving Boxes are not intended
to be a prescription, but rather a guide. Hence they sometimes follow the
Examples to serve as a summary for future use.
Problem Solving Sections (such as Sections 2—6,3-6,4-7,6-7,8-6,and 13-8)
are intended to provide extra drill in areas where solving problems is especially
important.
Examples: Worked-out Examples, each with a title for easy reference, fall into
four categories:
(1) The majority are regular worked-out Examples that serve as “practice
problems.” New ones have been added, a few old ones have been dropped,
and many have been reworked to provide greater clarity, more math steps,
more of “why we do it this way.” and with the new Approach paragraph
more discussion of the reasoning and approach. The aim is to “think aloud”
with the students, leading them to develop insight. The level of the worked-
out Examples for most topics increases gradually, with the more compli-
cated ones being on a par with the most difficult Problems at the end of
each Chapter. Many Examples provide relevant applications to various
fields and to everyday life.
(2) Step-by-step Examples: After many of the Problem Solving Boxes, the
next Example is done step-by-step following the steps of the preceding Box,
just to show students how the Box can be used. Such solutions are long and
can be redundant, so only one of each type is done in this manner.
(3) Estimating Examples, roughly 10% of the total, are intended to
develop the skills for making order-of-magnitude estimates, even when the
data are scarce, and even when you might never have guessed that any
result was possible at all. See, for example, Section 1-7, Examples 1-6 to 1-9.
(4) Conceprual Examples: Each is a brief Socratic question intended to
stimulate student response before reading the Response given.
APPROACH paragraph: Worked-out numerical Examples now all have a
short introductory paragraph before the Solution, outlining an approach and
the steps we can take to solve the given problem.
NOTE: Many Examples now have a brief “note” after the Solution, some-
times remarking on the Solution itself, sometimes mentioning an application,
sometimes giving an alternate approach to solving the problem. These new
Note paragraphs let the student know the Solution is finished, and now we
mention a related issue(s).
Additional Examples: Some physics subjects require many different worked-
out Examples to clarify the issues. But so many Examples in a row can be
overwhelming to some students. In those places, a subhead “Additional
Example(s)” is meant to suggest to students that they could skip these in a
first reading. When students include them during a second reading of the
Chapter, they can give power to solve a greater range of Problems.
Exercises within the text, after an Example or a derivation, which give students
a chance to see if they have understood enough to answer a simple question
or do a simple calculation. Answers are given at the bottom of the last page
of cach Chapter.
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PREFACE

Problems at the end of each Chapter have been increased in quality and quan-
tity. Some old ones have been replaced or rewritten to make them clearer,
and/or have had their numerical values changed. Each Chapter contains a
large group of Problems arranged by Section and graded according to
(approximate) difficulty:level I Problems are simple, designed to give students
confidence; level II are “normal” Problems, providing more of a challenge and
often the combination of two different concepts; level 111 are the most complex
and are intended as “extra credit” Problems that will challenge even superior
students. The arrangement by Section number is to help the instructors choose
which material they want to emphasize, and means that those Problems depend on
material up to and including that Section: earlier material may also be relied upon.
General Problems are unranked and grouped together at the end of each
Chapter, accounting for perhaps 30% of all Problems. These are not neces-
sarily more difficult, but they may be more likely to call on material from
earlier Chapters. They are useful for instructors who want to give students a
few Problems without the clue as to what Section must be referred to or how
hard they are.

Questions, also at the end of each Chapter, are conceptual. They help students
to use and apply the principles and concepts, and thus deepen their under-
standing (or let them know they need to study more).

Assigning Problems

I suggest that instructors assign a significant number of the level I and level I Problems,
as well as a small number of General Problems, and reserve level I11 Problems only as
“extra credit” to stimulate the best students. Although most level I problems may seem
easy, they help to build self-confidence—an important part of learning, especially in
physics. Answers to odd-numbered Problems are given in the back of the book.

Organization

The general outline of this new edition retains a traditional order of topics:
mechanics (Chapters 1 to 9); fluids, vibrations, waves, and sound (Chapters 10 to 12);
kinetic theory and thermodynamics (Chapters 13 to 15); electricity and magnetism
(Chapters 16 to 22); light (Chapters 23 to 25); and modern physics (Chapters 26 to
33). Nearly all topics customarily taught in introductory physics courses are
included here.

The tradition of beginning with mechanics is sensible because it was devel-
oped first, historically, and because so much else in physics depends on it. Within
mechanics, there are various ways to order topics, and this book allows for considerable
flexibility. I prefer to cover statics after dynamics, partly because many students
have trouble with the concept of force without motion. Furthermore, statics is a
special case of dynamics—we study statics so that we can prevent structures from
becoming dynamic (falling down). Nonetheless, statics (Chapter 9) could be
covered earlier after a brief introduction to vectors. Another option is light, which
I have placed after electricity and magnetism and EM waves. But light could be
treated immediately after waves (Chapter 11). Special relativity (Chapter 26) could
be treated along with mechanics, if desired—say, after Chapter 7.

Not every Chapter need be given equal weight. Whereas Chapter 4 or Chap-
ter 21 might require 1 3 to 2 weeks of coverage, Chapter 12 or 22 may need only
5 week or less. Because Chapter 11 covers standing waves, Chapter 12 could be
left to the students to read on their own if little class time is available.

The book contains more material than can be covered in most one-year courses,
Yet there is great flexibility in choice of topics. Sections marked with a star (*)
are considered optional. They contain slightly more advanced physics material
(perhaps material not usually covered in typical courses) and/or interesting
applications. They contain no material needed in later Chapters, except perhaps in
later optional Sections. Not all unstarred Sections must be covered; there remains
considerable flexibility in the choice of material. For a brief course, all optional
material could be dropped, as well as major parts of Chapters 10,12, 19,22, 28, 29,
32, and 33, and perhaps selected parts of Chapters 7, 8, 9, 15, 21, 24, 25, and 31.
Topics not covered in class can be a resource to students for later study.




New Applications

Relevant applications of physics to biology and medicine, as well as to architecture,
other fields, and everyday life, have always been a strong feature of this book, and
continue to be. Applications are interesting in themselves, plus they answer the
students’ question, “Why must I study physics?”” New applications have been added.
Here are a few of the new ones (see list after Table of Contents, pages xii
and xiii).

Digital cameras, charge coupled devices (CCD) (Ch. 25) 4ALL
Liquid Crystal Displays (LCD) (Ch. 24) ARE
Electric safety, hazards, and various types of current interrupters and circuit NEW

breakers (Chs. 17, 18,19, 20, 21)
Photocopy machines (Ch. 16)
Inkjet and Laser printers (Ch. 16)
World’s tallest peaks (unit conversion, Ch. 1)
Airport metal detectors (Ch. 21)
Capacitor uses (Ch. 17)
Underwater vision (Ch. 25)
SEER rating (Ch. 15)
Curve ball (Ch. 10)
Jump starting a car (Ch. 19)
RC circuits in pacemakers, turn signals, wipers (Ch. 19)
Digital voltmeters (Ch. 19)

Thanks

Over 50 physics professors provided input and direct feedback on every aspect
of the text: organization, content, figures, and suggestions for new Examples and
Problems. The reviewers for this sixth edition are listed below. I owe each of them

a debt of gratitude:

Zaven Altounian (McGill University)

David Amadio (Cypress Falls Senior High School)
Andrew Bacher (Indiana University)

Rama Bansil (Boston University)

Mitchell C. Begelman (University of Colorado)
Cornelius Bennhold (George Washington University)
Mike Berger (Indiana University)

George W. Brandenburg (Harvard University)
Robert Coakley (University of Southern Maine)
Renee D. Diehl (Penn State University)

Kathryn Dimiduk (University of New Mexico)
Leroy W. Dubeck (Temple University)

Andrew Duffy (Boston University)

John J. Dykla (Loyola University Chicago)

John Essick (Reed College)

David Faust (Mt. Hood Community College)
Gerald Feldman (George Washington University)
Frank A. Ferrone (Drexel University)

Alex Filippenko (University of California, Berkeley)
Richard Firestone (Lawrence Berkeley Lab)
Theodore Gotis (Oakton Community College)

J. Erik Hendrickson (University of Wisconsin, Eau Claire)
Laurent Hodges (Iowa State University)

Brian Houser (Eastern Washington University)
Brad Johnson (Western Washington University)
Randall S. Jones (Loyola College of Maryland)
Joseph A. Keane (St. Thomas Aquinas College)
Arthur Kosowsky (Rutgers University)

Amitabh Lath (Rutgers University)

Paul L. Lee (California State University, Northridge)
Jerome R. Long (Virginia Tech)

Mark Lucas (Ohio University)

Dan Maclsaac (Northern Arizona University)
William W. McNairy (Duke University)

Laszlo Mihaly (SUNY Stony Brook)

Peter J. Mohr (NIST)

Lisa K. Morris (Washington State University)

Paul Morris (Abilene Christian University)

Hon-Kie Ng (Florida State University)

Mark Oreglia (University of Chicago)

Lyman Page (Princeton University)

Bruce Partridge (Haverford College)

R. Daryl Pedigo (University of Washington)

Robert Pelcovits (Brown University)

Alan Pepper (Campbell School, Adelaide, Australia)
Kevin T. Pitts (University of Illinois)

Steven Pollock (University of Colorado, Boulder)
W. Steve Quon (Ventura College)
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Paul L. Richards (University of California, Berkeley)
Dennis Rioux (University of Wisconsin, Oshkosh)
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Randall J. Scalise (Southern Methodist University)
Arthur G. Schmidt (Northwestern University)
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Bartlett M. Sheinberg (Houston Community College)
J. L. Shinpaugh (East Carolina University)

Ross L. Spencer (Brigham Young University)

Mark Sprague (East Carolina University)

Michael G. Strauss (University of Oklahoma)

Chun Fu Su (Mississippi State University)
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Narahari Achar (Memphis State University)
William T. Achor (Western Maryland College)
Arthur Alt (College of Great Falls)

John Anderson (University of Pittsburgh)

Subhash Antani (Edgewood College)

Atam P. Arya (West Virginia University)

Sirus Aryainejad (Eastern Illinois University)
Charles R. Bacon (Ferris State University)

Arthur Ballato (Brookhaven National Laboratory)
David E. Bannon (Chemeketa Community College)
Gene Barnes (California State University, Sacramento)
Isaac Bass

Jacob Becher (Old Dominion University)

Paul A. Bender (Washington State University)
Michael S. Berger (Indiana University)

Donald E. Bowen (Stephen F. Austin University)
Joseph Boyle (Miami-Dade Community College)
Peter Brancazio (Brooklyn College, CUNY)
Michael E. Browne (University of Idaho)

Michael Broyles (Collin County Community College)
Anthony Buffa (California Polytechnic State University)
David Bushnell (Northern Illinois University)

Neal M. Cason (University of Notre Dame)

H. R. Chandrasekhar (University of Missouri)

Ram D. Chaudhari (SUNY, Oswego)

K. Kelvin Cheng (Texas Tech University)

Lowell O. Christensen (American River College)
Mark W. Plano Clark (Doane College)

Irvine G. Clator (UNC, Wilmington)

Albert C. Claus (Loyola University of Chicago)
Scott Cohen (Portland State University)

Lawrence Coleman (University of California, Davis)
Lattie Collins (East Tennessee State University)
Sally Daniels (Oakland University)

Jack E. Denson (Mississippi State University)
Waren Deshotels (Marquette University)

Eric Dietz (California State University, Chico)
Frank Drake (University of California, Santa Cruz)
Paul Draper (University of Texas, Arlington)

Miles J. Dresser (Washington State University)
Ryan Droste (The College of Charleston)

F. Eugene Dunnam (University of Florida)

Len Feuerhelm (Oklahoma Christian University)
Donald Foster (Wichita State University)

Gregory E. Francis (Montana State University)
Philip Gash (California State University, Chico)

J. David Gavenda (University of Texas, Austin)
Simon George (California State University, Long Beach)
James Gerhart (University of Washington)

Bernard Gerstman (Florida International University)
Charles Glashausser (Rutgers University)

Grant W. Hart (Brigham Young University)

Hershel J. Hausman (Ohio State University)
Melissa Hill (Marquette University)

Mark Hillery (Hunter College)

Hans Hochheimer (Colorado State University)
Joseph M. Hoffman (Frostburg State University)
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M. Azad Islan (SUNY, Potsdam)

James P. Jacobs (University of Montana)

Larry D. Johnson (Northeast Louisiana University)
Gordon Jones (Mississippi State University)

Rex Joyner (Indiana Institute of Technology)

Sina David Kaviani (El Camino College)

Kirby W. Kemper (Florida State University)

Sanford Kern (Colorado State University)

James E. Kettler (Ohio University, Eastern Campus)
James R. Kirk (Edinboro University of Pennsylvania)
Alok Kuman (SUNY, Oswego)

Sung Kyu Kim (Macalester College)

Amer Lahamer (Berea College)

Clement Y. Lam (North Harris College)
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Michael Lieber (University of Arkansas)
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Victor Montemeyer (Middle Tennessee State University)
Marina Morrow (Lansing Community College)

Ed Nelson (University of lowa)

Dennis Nemeschansky (USC)

Gregor Novak (Indiana University/Purdue University)
Roy J. Peterson (University of Colorado, Boulder)
Frederick M. Phelps (Central Michigan University)
Brian L. Pickering (Laney College)

T. A. K. Pillai (University of Wisconsin, La Crosse)
John Polo (Edinboro University of Pennsylvania)
Michael Ram (University of Buffalo)

John Reading (Texas A&M University)

David Reid (Eastern Michigan University)

Charles Richardson (University of Arkansas)
William Riley (Ohio State University)

Larry Rowan (University of North Carolina)

D. Lee Rutledge (Oklahoma State University)
Hajime Sakai (University of Massachusetts, Amherst)
Thomas Sayetta (East Carolina University)

Neil Schiller (Ocean County College)

Ann Schmiedekamp (Pennsylvania State University, Ogontz)
Juergen Schroeer (Illinois State University)

Mark Semon (Bates College)

James P. Sheerin (Eastern Michigan University)

Eric Sheldon (University of Massachusetts, Lowell)
K.Y. Shen (California State University, Long Beach)
Marc Sher (College of William and Mary)



Joseph Shinar (Iowa State University) Jagdish K. Tuli (Brookhaven National Laboratory)

Thomas W. Sills (Wilbur Wright College) Paul Urone (CSU, Sacramento)

Anthony A. Siluidi (Kent State University) Linn D. Van Woerkom (Ohio State University)
Michael A. Simon (Housatonic Community College) S. L. Varghese (University of South Alabama)
Upindranath Singh (Embry-Riddle) Jear] Walker (Cleveland State University)

Michael I. Sobel (Brooklyn College) Robert A. Walking (University of Southern Maine)
Donald Sparks (Los Angeles Pierce College) Jai-Ching Wang (Alabama A&M University)

Thor F. Stromberg (New Mexico State University) Thomas A. Weber (Iowa State University)

James F. Sullivan (University of Cincinnati) John C. Wells (Tennessee Technological)

Kenneth Swinney (Bevill State Community College) Gareth Williams (San Jose State University)

Harold E. Taylor (Stockton State University) Wendall S. Williams (Case Western Reserve University)
John E.Teggins (Auburn University at Montgomery) Jerry Wilson (Metropolitan State College at Denver)
Colin Terry (Ventura College) Lowell Wood (University of Houston)

Michael Thoennessen (Michigan State University) David Wright (Tidewater Community College)
Kwok Yeung Tsang (Georgia Institute of Technology) Peter Zimmerman (Louisiana State University)

I owe special thanks to Profs. Bob Davis and J. Erik Hendrickson for much valuable
input, and especially for working out all the Problems and producing the Solutions
Manual with solutions to all Problems and Questions, as well as for providing the
answers to odd-numbered Problems at the end of this book. Thanks as well to the
team they managed (Profs. David Curott, Bryan Long, and Richard Louie) who
also worked out all the Problems and Questions, each checking the others.

[ am grateful to Profs. Robert Coakley, Lisa Morris, Kathryn Dimiduk, Robert
Pelcovits, Raymond Turner, Cornelius Bennhold, Gerald Feldman, Alan Pepper,
Michael Strauss, and Zaven Altounian, who inspired many of the Examples,
Questions, Problems, and significant clarifications.

Chapter 33 on Cosmology and Astrophysics absorbed more time by far than
any other Chapter because of the very recent, and ongoing, “revolutionary” results
that I wanted to present. I was fortunate to receive generous input from some of
the top experts in the field, to whom I owe a debt of gratitude: Paul Richards and Alex
Filippenko (U.C. Berkeley), Lyman Page (Princeton and WMAP), Edward Wright
(U.C.L.A. and WMAP), Mitchell Begelman (U. Colorado), Bruce Partridge
(Haverford College), Arthur Kosowsky (Rutgers), and Michael Strauss (Princeton
and SDSS).

I especially wish to thank Profs. Howard Shugart, Chris McKee, and many
others at the University of California, Berkeley, Physics Department for helpful
discussions, and for hospitality. Thanks also to Prof. Tito Arecchi and others at the
Istituto Nazionale di Ottica, Florence, Italy.

Finally, I am most grateful to the many people at Prentice Hall with whom [
worked on this project, especially to the highly professional and wonderfully ded-
icated Paul Corey, Karen Karlin, and Susan Fisher. The final responsibility for all
errors lies with me. I welcome comments, corrections, and suggestions as soon as
possible to benefit students for the next reprint.

D.C.G.
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Available Supplements and Media

MasteringPhysics™ (www.masteringphysics.com)

is a sophisticated online tutoring and homework system developed for physics courses.
Originally developed by David Pritchard and collaborators at MIT, MasteringPhysics
provides students with individualized online tutoring by responding to their wrong
answers and providing hints for solving multi-step problems when they get stuck. It gives
them immediate and up-to-date assessment of their progress, and shows where they need
to practice more. MasteringPhysics provides instructors with a fast and effective way to
assign tried-and-tested 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 as well as individual students, and quickly identify areas of
difficulty.

Supplements for the Student

Student Study Guide with Selected Solutions

(Volume I: 0-13-035239-X, Volume II: 0-13-146557-0)

by Joseph Boyle (Miami-Dade Community College)

This study guide contains overviews, exercises, key phrases and terms, self-study exams,
questions for review, answers and solutions to selected end-of-Chapter Questions and
Problems for each Chapter of this textbook.

Student Pocket Companion (0-13-035249-7)

by Biman Das (SUNY —Potsdam)

This 57X7" paperback book contains a summary of Physics: Principles with Applications,
Sixth Edition, including key concepts, equations, and tips and hints.

Mathematics for College Physics (0-13-141427-5)

by Biman Das (SUNY-Potsdam)

This text, for students who need help with the necessary mathematical tools, shows how
mathematics is directly applied to physics, and discusses how to overcome math anxiety.

Ranking Task Exercises in Physics, Student Edition (0-13-144851-X)

by Thomas L. O’Kuma, David P. Maloney, and Curtis J. Hieggelke

Ranking Tasks are an innovative type of conceptual exercise that ask students to make
comparative judgments about variations on a particular physical situation. This supplement
includes over 200 Ranking Task Exercises covering all of classical physics except optics.

E&M TIPERsS: Electricity & Magnetism Tasks Inspired by Physics Education Research
(0-13-185499-2) by Curtis J. Hieggelke, David P. Maloney, Stephen E. Kanim, and
Thomas L. O’Kuma

E&M TIPERs is a comprehensive set of conceptual exercises for electricity and magnetism
based on the results of education research into how students learn physics. This work-
book contains over 300 tasks in eleven different task formats.

Interactive Physics Workbook, Second Edition (0-13-067108-8)

by Cindy Schwarz (Vassar College), John Ertel (Naval Academy), MSC.Software

This workbook and hybrid CD-ROM package is designed to help students visualize and
work with specific physics problems by means of simulations created from Interactive Physics
files. The accompanying workbook/study guide provides instructions, a physics review, hints,
and questions. The CD-ROM contains everything students need to run the simulations.

Physlet® Physics (0-13-101969-4)

by Wolfgang Christian and Mario Belloni (Davidson College)

This CD-ROM and text package has over 800 ready-to-run interactive Java applets which have
been widely adopted by physics instructors. No web-server or Internet connection is required.

MCAT Physics Study Guide (0-13-627951-1)
by Joseph Boone (California Polytechnic State University—San Luis Obispo)
This MCAT study guide includes in-depth review, practice problems, and review questions.

Supplements for the Instructor

Test Item File (0-13-047311-1)

Revised by Delena Bell Gatch (Georgia Southern University)

This test bank contains approximately 2800 multiple choice, true or false, short answer, and
essay questions, of which about 25% are conceptual. All questions are ranked by level of
difficulty and referenced to the corresponding text Section of this book. The Test Item File
is also available in electronic format on the Instructor Resource Center on CD-ROM.



Instructor’s Solutions Manual

(Volume I: 0-13-035237-3, Volume I1: 0-13-141545-X)

by Bob Davis (Taylor University) and J. Erik Hendrickson (University of Wisconsin-
Eau Claire)

The Solutions Manual contains detailed worked solutions to every end-of-Chapter

Problem in this textbook, as well as answers to the Questions. Electronic versions are

available on the Instructor Resource Center on CD-ROM for instructors with Microsoft

Word or Word-compatible software.

Instructor’s Resource Manual and Instructor Notes on ConcepTest Questions (0-13-035251-9)
Prepared by Katherine Whatley and Judith Beck (both of the University of North Carolina,
Asheville), the IRM contains lecture outlines, notes, demonstration suggestions, readings,
and other teaching resources. The Instructor Notes, prepared by Cornelius Bennhold and
Gerald Feldman (both of The George Washington University), contains an overview of the
development and implementation of ConcepTests, as well as instructor notes for each
ConcepTest found on the Instructor Resource Center on CD-ROM.

Instructor Resource Center on CD-ROM (0-13-035246-2)

This three-CD set contains all text illustrations and tables in JPEG, Microsoft PowerPoint™,
and Adobe PDF formats. Instructors can preview and sequence images, perform key-word
searches, add lecture notes, and incorporate their own digital resources. Also contained is
TestGenerator, an easy-to-use networkable program for creating quizzes and tests. The CD-
ROMs also contain the instructor’s version of Physlet® Physics, the Physics You Can See
demonstration videos, additional Powerpoint Presentations, electronic versions of the Test
ltem File, the Instructor’s Solutions Manual, the Instructor’s Resource Manual, and the end-
of-chapter Questions and Problems from Physics: Principles with Applications, sixth edition.

Transparency Pack (0-13-035245-4)
The pack includes approximately 400 full-color transparencies of images and Tables from
this book.

“Physics You Can See” Video (0-205-12393-7)
This video contains eleven classic physics demonstrations, each 2 to 5 minutes long.

OneKey Course Management Systems
WebCT, BlackBoard, and CourseCompass allow instructors to assign and grade home-
work online, manage their roster and grade book, and post course-related documents.
The content cartridges for WebCT, BlackBoard, and CourseCompass are text-specific
and include:
Just-in-Time Teaching tools: Warm-Ups, Puzzles, and Applications, by Gregor
Novak and Andrew Gavrin (Indiana University—Purdue University, Indianapolis)

Ranking Task Exercises by Thomas L. O’Kuma (Lee College), David P. Maloney
(Indiana—Purdue Universities, Fort Wayne), and Curtis J. Hieggelke (Joliet JC)

Physlet® Problems by Wolfgang Christian and Mario Belloni (Davidson College)
Algorithmic Practice Problems by Carl Adler (East Carolina University)
MCAT Study Guide with questions from “Kaplan Test Prep and Admissions”

Companion Website (http:/physics.prenhall.com/giancolippa)

This site contains Practice Objectives, Problems, Practice Questions, Destinations (links
to related sites), and Applications with links to related sites. Practice Problems and Ques-
tions are scored by computer, and results can be automatically e-mailed to the instructor.

Online Homework Systems

WebAssign (www.webassign.net)

WebAssign is a nationally hosted online homework system that allows instructors to create,
post, collect, grade, and record assignments from a ready-to-use database of Problems
and Questions from this textbook.

CAPA and LON-CAPA

Computer Assisted Personalized Approach (CAPA) is a locally hosted online homework
system that allows instructors to create, post, collect, grade, and record assignments from
a ready-to-use database of Problems and Questions from this textbook. The Learning
Online Network with a Computer Assisted Personalized Approach (LON-CAPA) is an
integrated system for online learning and assessment. It consists of a course management
system, an individualized homework and automatic grading system, a data collection and
data mining system, and a content delivery system that will provide gateways to and from
NSF's National STEM Digital Library.
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