HMRHT « BibERMFHMFIE

= UniverSity PhySiCS with Modern Physics

~ A S S T

¢ ol

& kD4 (HughDYoung) 4
(=) ABEEE (Roger A. Freedman)

“ v 5 O

Sl s TN : e, ST .. -~ \
-~ " S N ey 21" ed S N .
’ I v D15 - gavern gl it A it N LIRS Rran N N Sl Ve e
L. 2D e o S S N o LN ST i R L e R S8,
g S S ST L T A e, T o A P e LR A T e e A -
gt AR S0, Lol Vygtd T G, e I g Wi g SOPTC
- . R Ao » 2t . o - i SOTe

Pl T Jk B R4t

CHINA MACHINE PRESS

Pak | 4
e e = - T Al SR P IEA B, TESE———




BHREH - ESh RS TS Bobt Hiidk

& RITERKRE Wi

Ao
(FEXCHR SR 12 JR)

Sears and Zemansky's University Physics with Modern Physics
(12th Edition)

K D. # (Hugh D. Young) .

(X) A A HHEMEE  (Roger A. Freedman)

O

LA T b OB



Original edition, entitled UNIVERSITY PHYSICS WITH MODERN PHYSICS, 12E, 9780321501219 by
YOUNG, HUGH D. ; FREEDMAN, ROGER A. ; FORD, LEWIS, published by Pearson Education, Inc. , publish-
ing as Addison — Wesley, Copyright © 2008.

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electron-

ic or mechanical, including photocopying, recording or by any information storage retrieval system, without permission
from Pearson Education, Inc.
China edition published by PEARSON EDUCATION ASIA LTD. and China Machine Press Copyright © 2011.
This edition is manufactured in the People’s Republic of China, and is authorized for sale and distribution in

People’s Republic of China exclusively ( except Taiwan, Hong Kong SAR and Macau SAR) .
ERRANEREEN (A, SHSR IR TERERS) 8,

BHBEMRSME (CIP) ¥iE

PRBT A REY I 12 K. KX/ (%) # (Young, H.D.),
(XR) HEMER (Freedman, R A ) FH. —dbs: HUHR Tl ARAL,
2010. 12

AT - BN T B

ISBN 978-7-111-32675-5

.0 0. .OH Q- . OWHES - BE%2K - #H
-#3xx V. Qo4

T A B 4 CIP $HE%5F (2010) 45 243926 5

VLB ok th AL (s kA 22 B MSBI4FS 100037)
KRG . A FTIEHE. TR

HHEiRIT: DEE JEEH. & F

AL AL ER R ENR (=3 iR 4% e E 41T %4T)
2011 4E 6 A4 1 MRS 1 ENRI

210mm x275mm - 102 EN3K - 4 {7 - 3277 T

FRAER S . ISBN 978-7-111-32675-5

EHr: 169.00 6 (. M)

NUAA S, mMAGRI., B, BR, @A LTS
LT i gy IR 44 IR 45

# AR 45 .0>:(010) 88361066
W % — #B:(010)68326294
# B — #.:(010)88379649
W . (010)88379203  HHE LB A AR h B AR

[T F ™ : http . //www. cmpbook. com

HH M . http : //www. cmpedu. com



B SRR F B ER B &

FEZER:
BT

FER(UNBKRELEBHNF):
TN EkE O EXRE AR AfE§ RKE
RFERR BiE#E KHEBE O K K K=F  KEHE
xEE S R OB Rom FRE | RO
B AriEdt Bk EWEEk HEW 0 BrE

kW EEOL HWE

PR
5K JiE 4
B Sz A
R



Hi i Bt W

MEREMA WIO, BREhE 4 HERBKA TERBMWESLHE EARZALTHEF,
HEWESL, A TMREFREADRELIWBEATRARAA R RELTREN SR, EX
HERHET R BSERFBIGERS TR KB Wtk ZAL, PR Tk R
RSB T —RAROREARFEM , HAESREFERAEHR, UM B EEA
By b AR E iR

B EAARFREREM EAA N ERESI AT REERRIICGERF N R, B AT
BT ABNHFBEAMBEFE TR, XARGRE A RBEA WA, wBRF £ y KF KA R
B ERENEEH AR S ETER, LERARRGEAER.

AT HEHEM W H# T NRT L ERERFAR LT HFAL TR ARNE S BREF &K
MEEERES, RUERA LR ERFUTRANBEN AL, A HERAME L T F
SEGUENL FHERNE AR ENHANEAREN —FEFT REBERE, A AEM AR N
JRE AT, BARARCE P e g HE M, DS BT 5] B B R R B A R B K B A AN E KR Y A
Bo EI#IHT FREZRLALLREBRAFREARANREPER, A RRAAM N HF
BAEMyEHAHE HAFERIHEX ARREL REREMWRARAENZ G K

TEHMHBE, RINE R L EELETRER, FERES B RN RERF T,
EHREREMEHTEN, FLEERFAEERAAME R EE LR WN, ERNEL RN
BERERS

HlLAk Tk R A



PROBLEM-SOLVING STRATEGIES

Extended Edition includes Chapters 1-44. Standard Edition includes Chapters 1-37.
Three-volume edition: Volume I includes Chapters 1-20, Volume 2 includes Chapters 21-37,
and Volume 3 includes Chapters 37—44.

PROBLEM-SOLVING STRATEGY

1.1
1.2
1.3
2.1
34
3.2
Sl
52
6.1
7.1
7.2
8.1
9.1
10.1
11.1
13.1

13.2
14.1
15.1
15.2
16.1
16.2
17.1
17.2
17.3
18.1
18.2
19.1
20.1

Solving Physics Problems

Unit Conversions

Vector Addition

Motion with Constant Acceleration
Projectile Motion

Relative Velocity

Newton’s First Law: Equilibrium of a Particle

Newton’s Second Law: Dynamics of Particles

Work and Kinetic Energy

Problems Using Mechanical Energy I
Problems Using Mechanical Energy II

Conservation of Momentum

Rotational Energy

Rotational Dynamics for Rigid Bodies

Equilibrium of a Rigid Body

Simple Harmonic Motion I:
Describing Motion

Simple Harmonic Motion II: Energy
Bernoulli’s Equation

Mechanical Waves

Standing Waves

Sound Intensity

Doppler Effect

Thermal Expansion

Calorimetry Problems

Heat Conduction

Ideal Gasses

Kinetic Molecular Theory

The First Law of Thermodynamics

Heat Engines

PAGE

18
51
82
92
137
143
188
217
225
255
299
320
359

427
430
469
494
510
538
554
578
589
593
613
623
654
677

PROBLEM-SOLVING STRATEGY

21.1
212
22:1
231
24.1
24.2
25;1
26.1
26.2
27.1
27.2
28.1
28.2
29.1
30.1
31.1
32.1
33.1
33:2
34.1
34.2
35.1
371
37.2
37.3
38.1
39.1
41.1
43.1

Coulomb’s Law
Electric-Field Calculations
Gauss’s Law

Calculating Electric Potential
Equivalent Capacitance
Dielectrics

Power and Energy in Circuits
Resistors in Series and Parallel
Kirchhoff’s Rules

Magnetic Forces

Motion in Magnetic Fields
Magnetic-Field Calculations
Ampere’s Law

Faraday’s Law

Inductors in Circuits
Alternating-Current Circuits
Electromagnetic Waves
Reflection and Refraction
Linear Polarization

Image Formation by Mirrors

Image Formation by Thin Lenses

Interference in Thin Films
Time Dilation

Length Contraction
Lorentz Transformations
Photons

Particles and Waves
Atomic Structure

Nuclear Properties

PAGE

719
728
762
794
822
831
865
884
888
921
927
961
973
999
1041
1073
1103
1128
1138
1168
1180
1221
1276
1281
1286
1312
1351
1405
1474



ACTIVPHYSICS

Activ
ON Li NE
PI"I)’SJC S www.mastering physics.com

LA
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14
2.1.1
212

Analyzing Motion Using Diagrams
Analyzing Motion Using Graphs
Predicting Motion from Graphs
Predicting Motion from Equations
Problem-Solving Strategies for Kinematics
Skier Races Downhill

Balloonist Drops Lemonade

Seat Belts Save Lives

Screeching to a Halt

Pole-Vaulter Lands

Car Starts, Then Stops

Solving Two-Vehicle Problems

Car Catches Truck

Avoiding a Rear-End Collision
Force Magnitudes

Skydiver

Tension Change

Sliding on an Incline

Car Race

Lifting a Crate

Lowering a Crate

Rocket Blasts Off

Truck Pulls Crate

Pushing a Crate Up a Wall

Skier Goes Down a Slope

Skier and Rope Tow

Pole-Vaulter Vaults

Truck Pulls Two Crates

Modified Atwood Machine

Solving Projectile Motion Problems
Two Balls Falling

Changing the x-Velocity

Projectile x- and y-Accelerations
Initial Velocity Components

Target Practice I

Target Practice II

Magnitude of Centripetal Acceleration
Circular Motion Problem Solving
Cart Goes Over Circular Path

Ball Swings on a String

Car Circles a Track

Satellites Orbit

Work Calculations

Upward-Moving Elevator Stops
Stopping a Downward-Moving Elevator
Inverse Bungee Jumper
Spring-Launched Bowler

Skier Speed

Modified Atwood Machine
Momentum and Energy Change
Collisions and Elasticity
Momentum Conservation and Collisions
Collision Problems

Car Collision: Two Dimensions
Saving an Astronaut

Explosion Problems

Skier and Cart

Pendulum Bashes Box

Pendulum Person-Projectile Bowling
Calculating Torques

A Tilted Beam: Torques and Equilibrium
Arm Levers

Two Painters on a Beam

Lecturing from a Beam

7.6
7

79
7.10

7:11
712

7413
7.14
8.1
8.2

83

8.4
8.5
8.6

10.6
10.7
10.8
10.9
10.10
11.1
11.2
11.3

11.4
L1.5
11.6
11.7
11.8
119

11.10
11.11
11.12

Rotational Inertia

Rotational Kinematics

Rotoride-Dynarmics Approach

Falling Ladder

Woman and Flywheel Elevator-Dynamics
Approach

Race Between a Block and a Disk

Woman and Flywheel Elevator—Energy
Approach

Rotoride—Energy Approach

Ball Hits Bat

Characteristics of a Gas

Maxwell-Boltzmann
Distribution—-Conceptual Analysis

Maxwell-Boltzmann
Distribution—Quantitative Analysis

State Variables and Ideal Gas Law

Work Done By a Gas

Heat, Internal Energy, and First Law of
Thermodynamics

Heat Capacity

Isochoric Process

Isobaric Process

Isothermal Process

Adiabatic Process

Cyclic Process—Strategies

Cyclic Process—Problems

Carnot Cycle

Position Graphs and Equations

Describing Vibrational Motion

Vibrational Energy

Two Ways to Weigh Young Tarzan

Ape Drops Tarzan

Releasing a Vibrating Skier I

Releasing a Vibrating Skier II

One-and Two-Spring Vibrating Systems

Vibro-Ride

Pendulum Frequency

Risky Pendulum Walk

Physical Pendulum

Properties of Mechanical Waves

Speed of Waves on a String

Speed of Sound in a Gas

Standing Waves on Strings

Tuning a Stringed Instrument:
Standing Waves

String Mass and Standing Waves

Beats and Beat Frequency

Doppler Effect: Conceptual Introduction

Doppler Effect: Problems

Complex Waves: Fourier Analysis

Electric Force: Coulomb’s Law

Electric Force: Superposition Principle

Electric Force Superposition Principle
(Quantitative)

Electric Field: Point Charge

Electric Field Due to a Dipole

Electric Field: Problems

Electric Flux

Gauss’s Law

Motion of a Charge in an Electric Field:
Introduction

Motion in an Electric Field: Problems

Electric Potential: Qualitative Introduction

Electric Potential, Field, and Force

11.13
12.1
12.2
12.3
12.4
12:5
12.6
12.7
12.8
13:1
13.2
133
13.4
135
13.6
13.7
13.8
13.9
13.10
14.1
14.2
14.3
15.1
15:2
153
15.4
15.5
15.6
15.7
15.8
15.9
15.10
15.11
15.12
16.1
16.2

16.3
16.4

16.5
16.6
16.7
16.8
16.9
17.1
17.2
17.3
17.4
17.5
17.6
k77
18.1
18.2
18.3
19.1
19.2
19.3
19.4
19.5
20.1
20.2
20.3
20.4

ONLINE™ ACTIVITIES

Electrical Potential Energy and Potential

DC Series Circuits (Qualitative)

DC Parallel Circuits

DC Circuit Puzzles

Using Ammeters and Voltmeters

Using Kirchhoff’s Laws

Capacitance

Series and Parallel Capacitors

RC Circuit Time Constants

Magnetic Field of a Wire

Magnetic Field of a Loop

Magnetic Field of a Solenoid

Magnetic Force on a Particle

Magnetic Force on a Wire

Magnetic Torque on a Loop

Mass Spectrometer

Velocity Selector

Electromagnetic Induction

Motional emf

The RL Circuit

The RLC Oscillator

The Driven Oscillator

Reflection and Refraction

Total Internal Reflection

Refraction Applications

Plane Mirrors

Spherical Mirrors: Ray Diagrams

Spherical Mirror: The Mirror Equation

Spherical Mirror: Linear Magnification

Spherical Mirror: Problems

Thin-Lens Ray Diagrams

Converging Lens Problems

Diverging Lens Problems

Two-Lens Optical Systems

Two-Source Interference: Introduction

Two-Source Interference:
Qualitative Questions

Two-Source Interference: Problems

The Grating: Introduction and
Qualitative Questions

The Grating: Problems

Single-Slit Diffraction

Circular Hole Diffraction

Resolving Power

Polarization

Relativity of Time

Relativity of Length

Photoelectric Effect

Compton Scattering

Electron Interference

Uncertainty Principle

Wave Packets

The Bohr Model

Spectroscopy

The Laser

Particle Scattering

Nuclear Binding Energy

Fusion

Radioactivity

Particle Physics

Potential Energy Diagrams

Particle in a Box

Potential Wells

Potential Barriers



BRIEF CONTENTS

Mechanics
1 Units, Physical Quantities, and Vectors 1
2 Motion Along a Straight Line 36
3 Motion in Two or Three Dimensions 71
4 Newton’s Laws of Motion 107
5 Applying Newton’s Laws 136
6 Work and Kinetic Energy 181
7 Potential Energy
and Energy Conservation 213
8 Momentum, Impulse, and Collisions 247
9 Rotation of Rigid Bodies 285
10 Dynamics of Rotational Motion 316
11 Equilibrium and Elasticity 354
12 Gravitation 383
13 Periodic Motion 419
14 Fluid Mechanics 456
Waves/Acoustics
15 Mechanical Waves 487
16 Ssound and Hearing S27
Thermodynamics
17 Temperature and Heat 570
18 Thermal Properties of Matter 610
19 The First Law of Thermodynamics 646
20 The Second Law of Thermodynamics 673
Electromagnetism
21 Electric Charge and Electric Field 709
22 Gauss’s Law 750
23 Electric Potential 780
24 Capacitance and Dielectrics 815

VOLUME 1: Chapters 1-20 = VOLUME 2: Chapters 21-37

25

26
27
28
29

Current, Resistance,
and Electromotive Force

Direct-Current Circuits
Magnetic Field and Magnetic Forces
Sources of Magnetic Field

Electromagnetic Induction

30 Inductance

31

Alternating Current

32 Electromagnetic Waves

Optics

33

The Nature and Propagation of Light

34 Geometric Optics

35

and Optical Instruments

Interference

3 6 Diffraction

Mo
L)

dern Physics

Relativity

38 Photons, Electrons, and Atoms

39

The Wave Nature of Particles

40 Quantum Mechanics

41

Atomic Structure

42 Molecules and Condensed Matter

43
44

Nuclear Physics

Particle Physics and Cosmology

APPENDICES

Tmo QW

The International System of Units
Useful Mathematical Relations

The Greek Alphabet

Periodic Table of Elements

Unit Conversion Factors

Numerical Constants

Answers to Odd-Numbered Problems

VOLUME 3: Chapters 37—-44

846
881
916
957
993
1030
1061
1092

1121

1157
1207
1234

1268
1307
1349
1375
1401
1433
1468
1509

A-1
A-3
A-4
A-5
A-6
A-7



ABOUT THE AUTHORS

Hugh D. Young is Emeritus Professor of Physics at Carnegie Mellon University
in Pittsburgh, PA. He attended Carnegie Mellon for both undergraduate and grad-
uate study and earned his Ph.D. in fundamental particle theory under the direction
of the late Richard Cutkosky. He joined the faculty of Carnegie Mellon in 1956
and has also spent two years as a Visiting Professor at the University of California
at Berkeley.

Prof. Young’s career has centered entirely around undergraduate education.
He has written several undergraduate-level textbooks, and in 1973 he became a
co-author with Francis Sears and Mark Zemansky for their well-known introduc-
tory texts. With their deaths, he assumed full responsibility for new editions of
these books until joined by Prof. Freedman for University Physics.

Prof. Young is an enthusiastic skier, climber, and hiker. He also served for sev-
eral years as Associate Organist at St. Paul’s Cathedral in Pittsburgh, and has
played numerous organ recitals in the Pittsburgh area. Prof. Young and his wife
Alice usually travel extensively in the summer, especially in Europe and in the
desert canyon country of southern Utah.

Roger A. Freedman is a Lecturer in Physics at the University of California,
Santa Barbara. Dr. Freedman was an undergraduate at the University of Califor-
nia campuses in San Diego and Los Angeles, and did his doctoral research in
nuclear theory at Stanford University under the direction of Professor J. Dirk
Walecka. He came to UCSB in 1981 after three years teaching and doing
research at the University of Washington.

At UCSB, Dr. Freedman has taught in both the Department of Physics and the
College of Creative Studies, a branch of the university intended for highly gifted
and motivated undergraduates. He has published research in nuclear physics, ele-
mentary particle physics, and laser physics. In recent years, he has helped to
develop computer-based tools for learning introductory physics and astronomy.

When not in the classroom or slaving over a computer, Dr. Freedman can be
found either flying (he holds a commercial pilot’s license) or driving with his
wife, Caroline, in their 1960 Nash Metropolitan convertible.

A. Lewis Ford is Professor of Physics at Texas A&M University. He received a
B.A. from Rice University in 1968 and a Ph.D. in chemical physics from the Uni-
versity of Texas at Austin in 1972. After a one-year postdoc at Harvard Univer-
sity, he joined the Texas A&M physics faculty in 1973 and has been there ever
since. Professor Ford’s research area is theoretical atomic physics, with a special-
ization in atomic collisions. At Texas A&M he has taught a variety of undergrad-
uate and graduate courses, but primarily introductory physics.



TO THE STUDENT

HOW TO SUCCEED IN
PHYSICS BY REALLY
TRYING

Mark Hollabaugh Normandale Community College

Physics encompasses the large and the small, the old and the new. From the atom
to galaxies, from electrical circuitry to aerodynamics, physics is very much a part of
the world around us. You probably are taking this introductory course in calculus-
based physics because it is required for subsequent courses you plan to take in
preparation for a career in science or engineering. Your professor wants you to
learn physics and to enjoy the experience. He or she is very interested in helping
you learn this fascinating subject. That is part of the reason your professor chose
this textbook for your course. That is also the reason Drs. Young and Freedman
asked me to write this introductory section. We want you to succeed!

The purpose of this section of University Physics is to give you some ideas
that will assist your learning. Specific suggestions on how to use the textbook
will follow a brief discussion of general study habits and strategies.

Preparation for This Course

If you had high school physics, you will probably learn concepts faster than those
who have not because you will be familiar with the language of physics. If Eng-
lish is a second language for you, keep a glossary of new terms that you
encounter and make sure you understand how they are used in physics. Likewise,
if you are farther along in your mathematics courses, you will pick up the mathe-
matical aspects of physics faster. Even if your mathematics is adequate, you may
find a book such as Arnold D. Pickar’s Preparing for General Physics: Math Skill
Drills and Other Useful Help (Calculus Version) to be useful. Your professor
may actually assign sections of this math review to assist your learning.

Learning to Learn

Each of us has a different learning style and a preferred means of learning.
Understanding your own learning style will help you to focus on aspects of
physics that may give you difficulty and to use those components of your course
that will help you overcome the difficulty. Obviously you will want to spend
more time on those aspects that give you the most trouble. If you learn by hear-
ing, lectures will be very important. If you learn by explaining, then working
with other students will be useful to you. If solving problems is difficult for you,
spend more time learning how to solve problems. Also, it is important to under-
stand and develop good study habits. Perhaps the most important thing you
can do for yourself is to set aside adequate, regularly scheduled study time in a
distraction-free environment.

Answer the following questions for yourself:
e Am I able to use fundamental mathematical concepts from algebra, geometry -
and trigonometry? (If not, plan a program of review with help from your
professor.)
 In similar courses, what activity has given me the most trouble? (Spend more
time on this.) What has been the easiest for me? (Do this first; it will help to
build your confidence.)



How to Succeed in Physics by Really Trying

e Do I understand the material better if I read the book before or after the lec-
ture? (You may learn best by skimming the material, going to lecture, and then
undertaking an in-depth reading.)

« Do I spend adequate time in studying physics? (A rule of thumb for a class
like this is to devote, on the average, 2.5 hours out of class for each hour in
class. For a course meeting 5 hours each week, that means you should spend
about 10 to 15 hours per week studying physics.)

e Do I study physics every day? (Spread that 10 to 15 hours out over an entire
week!) At what time of the day am I at my best for studying physics? (Pick a
specific time of the day and stick to it.)

e Do I work in a quiet place where I can maintain my focus? (Distractions will
break your routine and cause you to miss important points.)

Working with Others

Scientists or engineers seldom work in isolation from one another but rather work
cooperatively. You will learn more physics and have more fun doing it if you
work with other students. Some professors may formalize the use of cooperative
learning or facilitate the formation of study groups. You may wish to form your
own informal study group with members of your class who live in your neighbor-
hood or dorm. If you have access to e-mail, use it to keep in touch with one
another. Your study group is an excellent resource when reviewing for exams.

Lectures and Taking Notes

An important component of any college course is the lecture. In physics this is
especially important because your professor will frequently do demonstrations
of physical principles, run computer simulations, or show video clips. All of
these are learning activities that will help you to understand the basic principles
of physics. Don’t miss lectures, and if for some reason you do, ask a friend or
member of your study group to provide you with notes and let you know what
happened.

Take your class notes in outline form, and fill in the details later. It can be very
difficult to take word for word notes, so just write down key ideas. Your professor
may use a diagram from the textbook. Leave a space in your notes and just add
the diagram later. After class, edit your notes, filling in any gaps or omissions and
noting things you need to study further. Make references to the textbook by page,
equation number, or section number.

Make sure you ask questions in class, or see your professor during office
hours. Remember the only “dumb” question is the one that is not asked. Your col-
lege may also have teaching assistants or peer tutors who are available to help
you with difficulties you may have.

Examinations

Taking an examination is stressful. But if you feel adequately prepared and are
well-rested, your stress will be lessened. Preparing for an exam is a continual
process; it begins the moment the last exam is over. You should immediately go
over the exam and understand any mistakes you made. If you worked a problem
and made substantial errors, try this: Take a piece of paper and divide it down the
middle with a line from top to bottom. In one column, write the proper solution to
the problem. In the other column, write what you did and why, if you know, and
why your solution was incorrect. If you are uncertain why you made your mis-
take, or how to avoid making it again, talk with your professor. Physics continu-
ally builds on fundamental ideas and it is important to correct any
misunderstandings immediately. Warning: While cramming at the last minute
may get you through the present exam, you will not adequately retain the con-
cepts for use on the next exam.



PREFACE

This book is the product of more than half a century of leadership and innovation
in physics education. When the first edition of University Physics by Francis W.
Sears and Mark W. Zemansky was published in 1949, it was revolutionary
among calculus-based physics textbooks in its emphasis on the fundamental prin-
ciples of physics and how to apply them. The success of University Physics with
generations of (several million) students and educators around the world is a tes-
tament to the merits of this approach, and to the many innovations it has intro-
duced subsequently.

In preparing this new Twelfth Edition, we have further enhanced and
developed University Physics to assimilate the best ideas from education
research with enhanced problem-solving instruction, pioneering visual and
conceptual pedagogy, the first systematically enhanced problems, and the most
pedagogically proven and widely used online homework and tutorial system in
the world.

New to This Edition

* Problem solving. The acclaimed, research-based four-step problem-solving
framework (Identify, Set Up, Execute, and Evaluate) is now used throughout
every Worked Example, chapter-specific Problem-Solving Strategy, and every

Standard, Extended,
and Three-Volume Editions

With MasteringPhysics™:

Solution in the Instructor and Student Solutions Manuals. Worked Examples . standard Edition: Chapters 1-37

now incorporate black-and-white Pencil Sketches to focus students on this crit-
ical step—one that research shows students otherwise tend to skip when illus-
trated with highly rendered figures.

 Instruction followed by practice. A streamlined and systematic learning
path of instruction followed by practice includes Learning Goals at the start
of each chapter and Visual Chapter Summaries that consolidate each concept
in words, math, and figures. Popular Test Your Understanding conceptual
questions at the end of each section now use multiple-choice and ranking
formats to allow students to instantly check their knowledge.

e Instructional power of figures. The instructional power of figures is
enhanced using the research-proven technique of ‘“anneotation” (chalkboard-
style commentary integrated into the figure to guide the student in interpreting
the figure) and by streamlined use of color and detail (in mechanics, for
example, color is used to focus the student on the object of interest while the
rest of the image is in grayscale and without distracting detail).

¢ Enhanced end-of-chapter problems. Renowned for providing the most
wide-ranging and best-tested problems available, the Twelfth Edition goes
still further: It provides the first library of physics problems systematically
enhanced based on student performance nationally. Using this analysis, more
than 800 new problems make up the entire library of 3700.

¢ MasteringPhysics™ (www.masteringphysics.com). *Launched with the
Eleventh Edition, MasteringPhysics is now the most widely adopted, educa-
tionally proven, and technically advanced online homework and tutorial system
in the world. For the Twelfth Edition, MasteringPhysics provides a wealth of
new content and technological enhancements. In addition to a library of more
than 1200 tutorials and all the end-of-chapter problems, MasteringPhysics

(ISBN-13: 978-0-321-50161-5)
(ISBN-10: 0-321-50161-6)

Extended Edition: Chapters 1-44

(ISBN-13: 978-0-8053-2187-6)
(ISBN-10: 0-8053-2187-X)
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(ISBN-13: 978-0-321-50056-4)
(ISBN-10: 0-321-50056-3)
Volume 2: Chapters 21-37
(ISBN-13: 978-0-321-50039-7)
(ISBN-10: 0-321-50039-3)
Volume 3: Chapters 37-44
(ISBN-13: 978-0-321-50040-3)
(ISBN-10: 0-321-50040-7)

Without MasteringPhysics™:
- Standard Edition: Chapters 1-37
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now also provides specific tutorials for every Problem-Solving Strategy and
key Test Your Understanding questions from each chapter. Answer types
include algebraic, numerical, and multiple-choice answers, as well as ranking,
sorting, graph drawing, vector drawing, and ray tracing.

Key Features of University Physics

A Guide for the Student Many physics students experience difficulty simply
because they don’t know how to use their textbook. The section entitled “How to
Succeed in Physics by Really Trying,” which precedes this preface, is a “user’s
manual” to all the features of this book. This section, written by Professor Mark
Hollabaugh (Normandale Community College), also gives a number of helpful
study hints. Every student should read this section!

Chapter Organization The first section of each chapter is an Introduction that
gives specific examples of the chapter’s content and connects it with what has
come before. There are also a Chapter Opening Question and a list of Learning
Goals to make the reader think about the subject matter of the chapter ahead. (To
find the answer to the question, look for the 7 icon.) Most sections end with a
Test Your Understanding Question, which can be conceptual or quantitative in
nature. At the end of the last section of the chapter is a Visual Chapter Summary
of the most important principles in the chapter, as well as a list of Key Terms with
reference to the page number where each term is introduced. The answers to the
Chapter Opening Question and Test Your Understanding Questions follow the
Key Terms.

Questions and Problems At the end of each chapter is a collection of
Discussion Questions that probe and extend the student’s conceptual understand-
ing. Following these are Exercises, which are single-concept problems keyed to
specific sections of the text; Problems, usually requiring one or two nontrivial
steps; and Challenge Problems, intended to challenge the strongest students. The
problems include applications to such diverse fields as astrophysics, biology, and
aerodynamics. Many problems have a conceptual part in which students must
discuss and explain their results. The new questions, exercises, and problems for
this edition were created and organized by Wayne Anderson (Sacramento City
College), Laird Kramer (Florida International University), and Charlie Hibbard.

Problem-Solving Strategies and Worked Examples Throughout the book,
Problem-Solving Strategy boxes provide students with specific tactics for solving
particular types of problems. They address the needs of any students who have
ever felt that they “understand the concepts but can’t do the problems.”

All Problem-Solving Strategy boxes follow the ISEE approach (Identify, Set
Up, Execute, and Evaluate) to solving problems. This approach helps students
see how to begin with a seemingly complex situation, identify the relevant physi-
cal concepts, decide what tools are needed to solve the problem, carry out the
solution, and then evaluate whether the result makes sense.

Each Problem-Solving Strategy box is followed by one or more worked-out
Examples that illustrate the strategy. Many other worked-out Examples are found
in each chapter. Like the Problem-Solving Strategy boxes, all of the quantitative
Examples use the ISEE approach. Several of the examples are purely qualitative
and are labeled as Conceptual Examples; see, for instance, Conceptual Exam-
ples 6.5 (Comparing kinetic energies, p. 191), 8.1 (Momentum versus kinetic
energy, p. 251) and 20.7 (A reversible adiabatic process, p. 693).

“Caution” paragraphs Two decades of physics education research have
revealed a number of conceptual pitfalls that commonly plague beginning
physics students. These include the ideas that force is required for motion, that
electric current is “used up” as it goes around a circuit, and that the product of an



object’s mass and its acceleration is itself a force. The “Caution” paragraphs alert
students to these and other pitfalls, and explain why the wrong way to think about
a certain situation (which may have occurred to the student first) is indeed wrong.
(See, for example, pp. 118, 159, and 559.)

Notation and units Students often have a hard time keeping track of which
quantities are vectors and which are not. We use boldface italic symbols with
an arrow on top for vector quantities, such as U, d, and F; unit vectors such as

i, have a caret on top. Boldface +, —, X, and = signs are used in vector
equations to emphasize the distinction between vector and scalar mathematical
operations.

SI units are used exclusively (English unit conversions are included where
appropriate). The joule is used as the standard unit of energy of all forms, includ-
ing heat.

Flexibility The book is adaptable to a wide variety of course outlines. There is
plenty of material for a three-semester or a five-quarter course. Most instructors
will find that there is too much material for a one-year course, but it is easy to tai-
lor the book to a variety of one-year course plans by omitting certain chapters or
sections. For example, any or all of the chapters on fluid mechanics, sound and
hearing, electromagnetic waves, or relativity can be omitted without loss of con-
tinuity. In any case, no instructor should feel constrained to work straight through
the entire book.

Instructor Supplements

The Instructor Solutions Manuals, prepared by A. Lewis Ford (Texas A&M
University), contain complete and detailed solutions to all end-of-chapter prob-
lems. All solutions follow consistently the same Identify/Set Up/Execute/Evaluate
problem-solving framework used in the textbook. The Instructor Solutions Man-
ual for Volume 1 (ISBN 0-321-49968-9) covers Chapters 1-20, and the Instructor
Solutions Manual for Volumes 2 and 3 (ISBN 0-321-49210-2) covers Chap-
ters 21-44.

The cross-platform Media Manager CD-ROM (ISBN 0-321-49916-6) pro-
vides a comprehensive library of more than 220 applets from ActivPhysics
OnLine™ as well as all line figures from the textbook in JPEG format. In addi-
tion, all the key equations, Problem-Solving Strategies, tables, and chapter sum-
maries are provided in editable Word format. In-class weekly multiple-choice
questions for use with various Classroom Response Systems (CRS) are also pro-
vided, based on the Test Your Understanding questions in the text. The CD-
ROM also provides the Instructor Solutions Manual in convenient editable Word
format and as PDFs.

MasteringPhysics™ (www.masteringphysics.com) is the most advanced, educa-
tionally effective, and widely used physics homework and tutorial system in the
world. It provides instructors with a library of extensively pretested end-of-chapter
problems and rich, Socratic tutorials that incorporate a wide variety of answer
types, wrong-answer feedback, and adaptive help (comprising hints or simpler
sub-problems upon request). MasteringPhysics™ allows instructors to quickly
build wide-ranging homework assignments of just the right difficulty and dura-
tion and provides them with efficient tools to analyze class trends—or the work
of any student—in unprecedented detail and to compare the results either with
the national average or with the performance of previous classes.

Five Easy Lessons: Strategies for Successful Physics Teaching (ISBN 0-8053-
8702-1) by Randall D. Knight (California Polytechnic State University, San Luis
Obispo) is packed with creative ideas on how to enhance any physics course. It is
an invaluable companion for both novice and veteran physics instructors.

Preface
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The Transparency Acetates (ISBN 0-321-50034-2) contain more than 200 key
figures from University Physics, Twelfth Edition, in full color.

The Printed Test Bank (ISBN 0-321-50035-0) provides more than 2000 multiple-
choice questions.

The Computerized Test Bank (ISBN 0-321-50126-8) includes all of the ques-
tions from the Printed Test Bank on a cross-platform CD-ROM. More than half
the questions have numerical values that can be randomly assigned for each
student.

Student Supplements

The Study Guide, by James R. Gaines, William F. Palmer, and Laird Kramer,
reinforces the text’s emphasis on problem-solving strategies and student miscon-
ceptions. The Study Guide for Volume 1 (ISBN 0-321-50033-4) covers Chap-
ters 1-20, and the Study Guide for Volumes 2 and 3 (ISBN 0-321-50037-7)
covers Chapters 21-44.

The Student Solutions Manual, by A. Lewis Ford (Texas A&M University),
contains detailed, step-by-step solutions to more than half of the odd-numbered
end-of-chapter problems from the textbook. All solutions follow consistently the
same Identify/Set Up/Execute/Evaluate problem-solving framework used in the
textbook. The Student Solutions Manual for Volume 1 (ISBN 0-321-50063-6)
covers Chapters 1-20, and the Student Solutions Manual for Volumes 2 and 3
(ISBN 0-321-50038-5) covers Chapters 21-44.

MasteringPhysics™ (www.masteringphysics.com) is the most advanced, widely
used, and educationally proven physics tutorial system in the world. It is the
result of eight years of detailed studies of how real students work physics prob-
lems, and of precisely where they need help. Studies show that students who use
MasteringPhysics™ significantly improve their scores on final exams and con-
ceptual tests such as the Force Concept Inventory. MasteringPhysics™ achieves
this by providing students with instantaneous feedback specific to their wrong
answers, simpler sub-problems upon request when they get stuck, and partial
credit for their method. This individualized, 24/7 tutor system is recommended
by nine out of ten students to their peers as the most effective and time-efficient
way to study.

ActivPhysics OnLine™ (www.masteringphysics.com), now included in the self-
study area of MasteringPhysics, provides the most comprehensive library of
applets and applet-based tutorials available. ActivPhysics OnLine was created by
the educational pioneer Alan Van Heuvelen of Rutgers. Throughout University
Physics, Twelfth Edition, in-margin icons direct the student to specific applets in
ActivPhysics OnLine in for additional interactive help.

ActivPhysics OnLine™ Workbooks, Volume 1 (0-8053-9060-X) and Volume 2
(0-8053-9061-8) by Alan Van Heuvelen, Rutgers, and Paul d’ Alessandris, Mon-
roe Community College, provide a range of tutorials that use the critically
acclaimed ActivPhysics OnLine applets to help students develop understanding
and confidence. In particular, they focus on developing intuition, making predic-
tions, testing assumptions experimentally, drawing effective diagrams, under-
standing key equations both qualitatively and quantitatively, and interpreting
graphical information. These workbooks can be used for labs, homework, or self-
study.

The Addison-Wesley Tutor Center (www.aw.com/tutorcenter) provides one-on-
one tutoring via telephone, fax, e-mail, or interactive website. Qualified instructors
answer questions and provide instruction with examples, problems, and other con-
tent from University Physics, Twelfth Edition, as well as help with Mastering-
Physics™.
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