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PREFACE

Physics is the study of the material Universe—all there is. And that’s a bold and won-
derful agenda. The Universe is incredibly awesome and tantalizingly mysterious, and we,
after all, are just beginning to understand it. Almost 3000 years in the making, physics—
incomplete as it is—stands as one of the great creations of the human intellect. It’s been a
privilege and an unending joy to have spent much of my life studying physics, and it is out
of my gratitude to and admiration of physics that this book takes its form. If this work,
while insightfully teaching basic physics, transmits a sense of the grandeur, unity, and
vitality of the subject, it will have met my primary objectives.

The Basis of This Revision

The first edition of Physics: Algebra/Trig appeared in 1994 and was quite successful. Once
it was certain that a second edition was inevitable, attention was turned to evaluating and
further enhancing the teaching effectiveness of the book. To that end, we began to commu-
nicate with hundreds of its users—both faculty and students. What we wanted was the
detailed impressions of those people struggling (standing and sitting) in the classroom.

During the next several years it became clear that the first edition had both assets and
shortcomings. The illustrations, which were conceived and created by the author, were
widely appreciated for their unique ability to support the physics. The writing style, humor,
and candor were invariably praised. The clarity, rigor, and correctness of the exposition, as
well as the error-free presentation, were seen as tremendously important and all too rare.
The problem sets got high grades, particularly because of the inclusion of “real-life” data
and situations. The Quick Checks and Selected Solutions in the back of the book were espe-
cially well received by students. The Multiple Choice Questions were a big help to those
taking exams in that format (e.g., the MCAT). The vast majority of respondents agreed that
the history of ideas made the physics far more approachable and the book more enjoyable.
And, up to a point, the integration of modern physics throughout the text was seen as a nec-
essary and appropriate advance.

On the other hand, the book was oo thorough. The math level was just right, but too
many side issues were considered. Because conceptual and motivational materials were
integrated into the body of the discussion, students sometimes had difficulty discerning
what was important. There were too many long derivations that few instructors had the time
to utilize. Putting conservation of momentum before F = ma, although more in keeping
with the modern perspective, was widely felt to be pedagogically less effective. Similarly,
treating angular momentum immediately after linear momentum postponed the discussion
of energy, and teachers preferred the more traditional sequence. The majority of instructors
would have been happier with less Statics (formerly Chapter 6) and even less material on
Solids (formerly Chapter 10). The problem sets were deliberately organized without overt
reference to specific sections. That made the selection of homework problems by instruc-
tors a bit of a nuisance, and the doing of the problems by the students more challenging.
And finally, apparently no one liked problems requiring gratuitous unit conversions (even
if students need the practice).

The basic agenda for the revision was clear: the first half of the book would have to be
reorganized and the entire text completely reworked line-by-line, making it tighter, less
thorough, faster to the point, and more easily negotiable. Every criticism would be
addressed, every shortcoming corrected.
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PREFACE

Philosophy and Goals

Designed for a one-year algebra/trig-based course, this text assumes little more than a rudi-
mentary knowledge of algebra and just the basics of geometry. Special attention is paid to
developing mathematical ideas that might be new to the student—graphs, vectors, loga-
rithms, basic trigonometry, and so forth—carefully and slowly. The central glory of twen-
tieth-century physics is the discovery of an overarching unity in Nature; everything
physical is presumably understandable within this context. To treat the subject as if it were
an encyclopedic collection of unrelated ideas is to miss the point of the twentieth century.
From the beginning of this text to its end, we will study the unity of natural phenomena, the
various manifestations of matter interacting with matter via the fundamental Four Forces.
We have learned a great deal during this century (just think of the strides in atomic theory)
and that knowledge should inform everything taught, including Classical Physics.

Practical Emphasis

A driving force shaping this text is the belief that students are motivated to learn about what
directly affects their lives and concerns. The perspective of the book is therefore largely
practical: How do we walk? How does a speedometer work? How does an airplane really
fly? Throughout the text there are photographs of commonplace phenomena that usually go
unnoticed (for example, standing-wave patterns in a teacup). The work is rich in life-sci-
ence applications although it strives to be broadly interdisciplinary, drawing from and
reflecting back upon biology, geology, astronomy, architecture, medicine, and meteorolo-
gy. A new feature called Exploring Physics on Your Own consists of easy-to-do home
experiments that can be performed without any special equipment (e.g., adiabatic cooling
using a rubber band). These allow students to personally experience how the physical con-
cepts under study relate to everyday phenomena.

Problem Solving

Every physicist who has ever taught this course has heard the universal student lament, “I
understand everything; I just can’t do the problems.” Nonetheless, most instructors believe
that the “doing” of problems is the culmination of the entire experience. This edition (along
with its CD) goes considerably further than any other text has ever gone in systematically
addressing this challenge. Every worked Example now follows the same five-step approach
(discussed in detail on page 18). For example, the first step is the Translation in which the
problem is restated in generic scientific prose. This forces students to read the problem
carefully and organize their thoughts before jumping in. It strips off the extraneous and
trains students to extract the essential aspects of the problems. Happily, it overcomes the
“same-problem syndrome” in which the “identical” question, written once in terms of run-
ning chickens, and then again in terms of speeding locomotives, is perceived as two totally
different questions. All such variations have the same translation. The five-step approach
carries students from one necessary phase of the analysis to the next, providing the organi-
zational framework that so many students desperately need. Classroom testing during the
last five years has proven the efficacy of the technique and students have been consistently
enthusiastic.

To encourage students to draw diagrams and, indeed, to teach them how to do it, the
text now contains hundreds of pieces of “sticker art.” These illustrate how to transform a
verbal statement into a simple visual one. Again, the process helps to distill out the essen-
tial elements of the problem and has proven to be highly useful.

The back-of-the-chapter problem sets now contain special groupings, each consisting
of three very similar problems, which are set off in color. The first in each such group has
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an elaborate hint and, if that’s not enough, there’s a solution in the back of the book. Once
that lead problem is mastered, the next two in the group should be manageable by even the
weakest student. This is yet another mechanism to help build expertise and confidence.
More than 500 new problems have been added, most of which are of the straightforward
variety. As in the previous edition, a representative selection of problems (those bearing a
boldfaced number) have tight, but complete, solutions in the back of the book—another
self-study aid.

Each chapter ends with a section called Core Material & Study Guide. This is an in-
depth summary of what’s important if one is to be able to do the problems: it outlines what
should be studied and reread, which Examples should be mastered, and so forth.

The CD

Every text has limited resources; there are just so many pages. Discussions must be cut
short and topics have to be excluded. Although it would be wonderful if the book could take
all students by the hand and walk them through the analysis of two or three hundred addi-
tional problems—exploring the logic and pointing out the pitfalls in each—that’s simply
not possible in the traditional textbook format. Ergo, the CD.

The second edition comes with a free CD that complements and extends the book. If
you’d like to see an in-depth discussion of the gyroscope, or read a complete derivation of
the Thin Lens Equation, or learn how a refrigerator works, or view a proof showing that the
magnitude of the velocity vector is indeed the speed, it (and a great deal more) is there, ful-
ly illustrated, on the CD.

Even more importantly, the CD continues the problem-solving program with hundreds
of completely worked out Walk-Through Examples. Each chapter-set begins with a selec-
tion of spoken solutions in which a voice guides students through every step, explaining the
logic as the math unfolds on the screen. Students are first taught how to “read” a problem,
how to draw an appropriate diagram, and how to analyze that problem. The problems and
solutions in a given chapter keep coming, but students are gradually weaned off the support
system as successive solutions become less elaborate.

All references to the CD in the text are marked witha (§y icon, alerting students to the
availability of more extensive coverage.

A Complete Ancillary Package

Accompanying the text is a complete ancillary package including the following instruc-
tional aids:

Instructor’s Solutions Manual, which includes answers to all discussion questions,
answers to all multiple choice questions and complete solutions to all exercises in the text.

Student Solutions Manual for Selected Problems, which includes answers to selected
odd-numbered problems (approximately 10%) not already solved in the book.

Transparencies, including approximately 100 full-color transparencies that illustrate
key concepts.

Test Bank, which includes more than 1000 multiple-choice and short-answer questions.

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

CNN Physics Today. This 50 minute video contains numerous segments highlighting
everyday physics - from spiderwebs to Cirque du Soleil. Available to adoptors of the text.

Physics Instructor’s Resource CD-ROM. This tool for instructors includes 200 illus-
trations from the text, the Interactive Physics Textbook Edition Version 4.0 from
Knowledge Revolution, and 50 interactive Physics simulations. Available to adoptors of the
text.



: PREFACE

Acknowledgments

Over the years, I have received comments, suggestions, articles, and photos from hundreds
of colleagues, and I most sincerely thank them all, especially

William Achor, Western Maryland College
Andrew Baden, University of Maryland
Fred Becchetti, University of Michigan
Robert Boughton, Bowling Green

State University
Michael Browne, University of Idaho

Gary Buckwalter, Daytona Beach
Community College

Anthony Buffa, California Polytechnic State
University, San Luis Obispo

Phillips B. Burnside, Ohio Wesleyan
University

Myron Campbell, University of Michigan

The Physics Class of 1994, Wilcox
High School

Lawrence B. Coleman, University of
California, Davis

Eric Dietz, California State University, Chico

Jess Dowdy, Northeast Texas Community
College

Miles Dresser, Washington State University
Mark Edwards, Hofstra University

John Erdei, University of Dayton

David Ernst, Vanderbilt University

Roger Freedman, University of California,
Santa Barbara

Sherman Frye, Northern Virginia
Community College

Martin Goodson, Delta College

Mark Gross, California State University,
Long Beach

Robert Hallock, University of Massachusetts
Teodoro Halpern, Ramapo College

Fred Inman, Mankato State University

John Gordon Jones, College of Charleston
Sanford Kern, Colorado State University

James Kettler, Ohio University Eastern
Campus

Brian Lane, Hillsborough Community
College

Paul Lee, Louisiana State University

Richard Mancuso, College of Brockport,
SUNY

Mark Manley, Kent State University
Robert March, University of Wisconsin
David Markowitz, University of Connecticut

George Matous, Indiana University
of Pennsylvania

David K. McDaniels, University of Oregon
Marvin Morris, San Jose State University
Melvin Oakes, University of Texas, Austin
Channon Price, University of Alaska

G. N. Rao, Adelphi University

Kurt Reibel, Ohio State University

Diane Riendeau, Barrington High School
Dawn Rowden-Brett, Cochise College

Kandula Sastry, University of
Massachusetts, Amherst

Damian Simmons, Barrington High School
David Sokoloff, University of Oregon
Glenn Sowell, University of Nebraska

J. Keith Stark, Barrington High School
Joseph Sucher, University of Maryland
Harold Tiller, DeKalb College

Jerald Tunheim, Dakota State University
John Ward, University of Michigan

Richard Whitlock, University of North
Carolina

Luc Wille, Florida Atlantic University

Augden Windelborn, Northern Illinois
University

Michael Wortis, Simon Fraser University

Lonnie Van Zandt, Purdue University

I'am particularly grateful to Prof. Zvonimir Hlousek of California State University,
Long Beach; Prof. Jerry Shi of Pasadena City College, and Prof. Mark Headlee of Armand
Hammer United World College for their many contributions.

Fortunately, my editor for this edition was Beth Wilbur; I thank her for her wisdom,
sound judgment, patience, and tireless support. Her good offices and quiet strength once
again kept everything running smoothly—she is the perfect editor. Michael Johnson sus-
tained the project with vision and decisiveness and I am indebted to him for clearing the



PREFACE ! Xi

way. Marketing projects manager Monica Brown, developmental consultant Dick Morel,
indexer Darla Wigginton Hecht, cover designer Vernon Boes, production manager Ellen
Brownstein, and technical reader Tanya Kurosky brought to bear their special talents and I
thank them all. Technical consultant Kurt Norlin of Laurel Technical Services made hun-
dreds of insightful suggestions and I took most of them. My thanks to Keith Dodson for his
close reading and informed commentary; he rendered invaluable service. i/Media—~HRS
created a wonderful CD, imaginatively and tirelessly sharing their skills. I am most appre-
ciative of the contribution of Connie Jirovsky who championed this project from its outset,
and worked unstintingly on its behalf. Her extraordinary efforts in acquiring and analyzing
vast amounts of user data were vital in defining the scope of this second edition. She epito-
mizes the very best of publishing and I am indeed grateful for all her help, wise counsel, and
friendship.

The book was produced by HRS Electronic Text Management, which did a superb job
of putting it all together despite having to deal with an uncompromising, relentless author.
Lorraine Burke watched over every aspect of the process with remarkable skill, attention to
detail, and unflagging good humor; Ed Burke’s design was strong, innovative, and beauti-
ful, his high standards and unerring artistic judgment were an inspiration; Karen Mahakian
is the quintessential compositor; Pat Hannagan patiently produced incomparable art, and
Erica Smythe skillfully managed the photographs. It was a joy to work with such gifted,
creative people and they all have my deepest appreciation.

Finally, I thank my dear friend Carolyn Eisen Hecht for coping with one more edition
of one more book. She brilliantly researched photos; efficiently wrote hundreds of e-mail
messages; and patiently tolerated my papers lying scattered, stacked, and stashed every-
where throughout the house. She good-naturedly rolled marbles and stretched rubberbands,
performing the little “exploring physics” experiments to see if they really worked. In the
end, she’s the only one who knows how demanding it all really is, and I thank her for
always being there.

If you have any comments about this edition, suggestions for the next edition, or
favorite problems you’d like to share, send them to E. Hecht, Adelphi University, Physics
Department, Garden City, N.Y. 11530 (or GeneHecht@aol.com).

Eugene Hecht



PHYSICS:
Algebra/Trig



Vorume 1

W oo NGOG WDN -

N
H W N = O

VoLuMmE 2

W W NDNDNMDMNDMDNMDNMNMNMMNMMNDNREEH B 2 =
= O WO NOOUGPAWNEROOWOLONOOV

BRIEF CONTENTS

AN INTRODUCTION TO PHYsics 1
KinemaTics: Speep & VELocity 21
KiNemATICS: ACCELERATION 55
Newton’s THRee Laws 85

CeNTRIPETAL Force & GraviTy 139
ENercy 175

MomenTum & CoLuisions 211
RotationaL MoTion 239

Souios, Liauins, & Gases 289
EasTicity & OsciLLations 339

Waves & Sounp 379

THERMAL PrOPERTIES OF MATTER 435
Hear & THERMAL ENERGY 469
THERmoODYNAMICS 503

ELecTrRosTATICS: FORCES 539
ELecTrosTATICS: ENERGY 577

Direct CURRENT 615

Circuits 643

MaeneTism 677

ELecTROMAGNETIC INDUCTION 721

AC & ELecTroNics 755

RapianT ENERGY: LighT 795

THE PROPAGATION OF LIGHT: SCATTERING 825
GeomeTRicAL OPTics & INSTRUMENTS 857
PHysicaL Opmics 907

SpeciAL ReLativity 951

THE OriGINs oF Mobern PHysics 989
THe EvoLuTion oF QuanTum THEoRY 1017
QuanTum MEecHaNics 1051

NucLear PHysics 1081

HigH-ENErGY PHYsics 1119

xiii



1.3
1.4
1.5
1.6

[P
1.8
1.9

2.0
2
2.3
2.4

2.5
2.6
2.7
2.8

29

~ CONTENTS

Vorume 1

AN INTRODUCTION TO PHYSICS 1

Law and Theory 2
The Modern Perspective 2

Measurement 7 3

Length 7

Mass and Weight 9

Time 11

Significant Figures 12 gé

The Language of Physics 14 '

Equations 15

Graphs 15 Sl

Approximations and Checks 16 -

Core Material & Study Guide 17 8.5

Discussion Questions 17

Multiple Choice Questions 17 3.6

Suggestions on Problem Solving 18 3.7

Problems 19 3.8
3.9

KiNnemaTics: Speep & VEeLocity 21

Speed 21

Average Speed 22

Constant Speed 25

Delta Notation: The Change in a Quantity 26
Instantaneous Speed 26

Velocity 29

The Displacement Vector 29

Some Vector Algebra 30

Instantapeous Velocity 33 4
Components and Vector Addition 35

Relative Motion 40

Velocity with Respect to... 40 4.1
Core Material & Study Guide 46 4.2

Discussion Questions 47

Multiple Choice Questions 47
Suggestions on Problem Solving 48
Problems 49

KINEMATICS: ACCELERATION 55

The Concept of Acceleration 55
Average Acceleration 56
Instantaneous Acceleration 57

Uniformly Accelerated Motion 58

Constant Acceleration 58

The Mean Speed 59

The Equations of Constant Acceleration 61

Free-Fall 63

Air Drag 63

Acceleration Due to Gravity 64

Up & Down with Gravity 66
Two-Dimensional Motion: Projectiles 69
Core Material & Study Guide 76
Discussion Questions 76

Multiple Choice Questions 77
Suggestions on Problem Solving 78
Problems 79

Newton’s THRee Laws 85

The Three Laws 85
The Law of Inertia 86
Force 89



Xvi

CONTENTS

4.3
4.4

4.5
4.6
4.7
4.8
4.9

51
5.2

5.3
5.4

5.5
5.6
5.7
5.8

6.1

6.2

A =

The Second Law 93
Interaction: The Third Law 95

Dynamics & Statics 97

The Effects of Force: Newton's Laws 97
Weight: Gravitational Force 101
Coupled Motions 105

Friction 107

Equilibrium: Statics 115

Core Material & Study Guide 123
Discussion Questions 124

Multiple Choice Questions 125
Suggestions on Problem Solving 127
Problems 128

O\

L

CeNTRIPETAL Force & GraviTy 139

Centripetal Force 139
Centripetal Acceleration 140
Center-Seeking Forces 142

Gravity
The Law of Universal Gravitation 146
Terrestrial Gravity 152

The Cosmic Force 155

The Laws of Planetary Motion 155
Satellite Orbits 158

Effectively Weightless 162

The Gravitational Field 164

Core Material & Study Guide 166
Discussion Questions 166

Multiple Choice Questions 168
Suggestions on Problem Solving 170
Problems 170

EneErgy 175

The Transfer of Energy 175
Work 176

Mechanical Energy 184
Kinetic Energy 184

6.3

6.4
6.5
6.6
6.7

Fonl
1.2
£:3
7.4
]
7.6

8.1
8.2
8.3
8.4

8.5
8.6
8.7

8.8
8.9
8.10
811

Potential Energy 188

Conservation of Mechanical Energy 192
Mechanical Energy 192

Applying Conservation of Energy 194
Power 199

Energy Conservation & Symmetry 201
Core Material & Study Guide 202
Discussion Questions 203

Multiple Choice Questions 204
Suggestions on Problem Solving 205
Problems 205

MomenTum & CoLuisions 211

Linear Momentum 213

Impulse & Momentum Change 213
Varying Force 216

Rockets 220

Conservation of Linear Momentum 221
Collisions 223

Linear Momentum & Symmetry 232
Core Material & Study Guide 233
Discussion Questions 233

Multiple Choice Questions 234
Suggestions on Problem Solving 235
Problems 235

RotaTionAL MoTion 239

The Kinematics of Rotation 239

Angular Displacement 240
Angular Speed 242

Angular Acceleration 245
Equations of Constant Angular
Acceleration 247

Rotational Equilibrium 249

Torque 250

Second Condition of Equilibrium 253
Extended Bodies & the c.g. 254

The Dynamics of Rotation 259

Torque & Rotational Inertia 260
Rotational Kinetic Energy 265

Angular Momentum 266

Conservation of Angular Momentum 267
Core Material & Study Guide 273
Discussion Questions 274

Multiple Choice Questions 276
Suggestions on Problem Solving 277
Problems



91
9.2
9.3

9.4
9.5
9.6

9.7
9.8
9.9

10

10.1
10.2
10.3
10.4

10.5
10.6
10.7
10.8

Souips, Liauins, & Gases 289

Atoms & Matter 289
Atomism 290

Density 291

The States of Matter 294

Fluid Statics 307
Hydrostatic Pressure 297
Pascal’s Principle 304
Buoyant Force 306

Fluid Dynamics 307

Fluid Flow 311

The Continuity Equation 313
Bernoulli’'s Equation 315

Core Material & Study Guide 325
Discussion Questions 326

Multiple Choice Questions 328
Suggestions on Problem Solving 330
Problems 331

ELasTiciTy & OsciLLaTions 339

Elasticity 339
Hooke's Law 340
Stress & Strain 345
Strength 348
Elastic Moduli 352

Harmonic Motion 355

Simple Harmonic Motion 355
Elastic Restoring Force 360

The Pendulum 363

Damping, Forcing, & Resonance 365
Core Material & Study Guide 370
Discussion Questions 371

Multiple Choice Questions 373
Suggestions on Problem Solving 374
Problems 374

11

111
11:2
113

11.4
11.5
11.6
Ldi 7
11.8
11:9
1110
[ ] T

12

I12.1

12.2
1.2.3

12.4
12.5
12.6
12,7

CONTENTS . xvii

Waves & Souno 379

Mechanical Waves 379

Wave Characteristics 380
Transverse Waves: Strings 385
Compression Waves 388

Sound 392

Acoustics: Sound Waves 392
Wavefronts & Intensity 397

The Speed of Sound in Air 400
Hearing Sound 402
Intensity-Level 405

Sound Waves: Beats 407
Standing Waves 409

The Doppler Effect 419

Core Material & Study Guide 423
Discussion Questions 425
Multiple Choice Questions 426
Suggestions on Problem Solving 428
Problems 428

THERMAL PROPERTIES OF
MatTer 435

Temperature
Thermodynamic Temperature & Absolute
Zero 437

Thermal Expansion 442
Linear Expansion 442
Volumetric Expansion: Solids & Liquids 444

The Gas Laws 448

The Laws of Boyle, Charles, & Gay-Lussa 448
The ldeal Gas Law 452

Phase Diagrams 454

Kinetic Theory 456

Core Material & Study Guide 461

Discussion Questions 462

Multiple Choice Questions 463

Suggestions on Problem Solving 464
Problems 465



xviii  CoNTENTS

13

13.1
13.2
13.3
13.4

13.5
13.6
13,7

13.8
13.9
13.10

14

14.1
14.2
14.3
14.4

14.5
14.6

14.7

Hear & THErmAL ENErcY 469

Thermal Energy 469

Heat & Temperature 471

Quantity of Heat 472

The Mechanical Equivalent of Heat 473
Specific Heat: Calorimetry 476

Change of State 480
Melting & Freezing 480
Vaporization 482
Boiling 484

The Transfer of Thermal Energy 486
Radiation 486

Convection 488

Conduction 489

Core Material & Study Guide 494
Discussion Questions 494

Multiple Choice Questions 496
Suggestions on Problem Solving 498
Problems 499

THERMODYNAMICS 503

The First Law of Thermodynamics 504
Conservation of Energy 504

Thermal Processes & Work 507
Isothermal Change of an Ideal Gas 511
Adiabatic Change of an Ideal Gas 513

Cyclic Processes: Engines & Refrigerators 515

The Carnot Cycle 516

Refrigeration Machines & Heat Pumps 519

The Second Law of Thermodynamics 522
Entropy 525

Core Material & Study Guide 531
Discussion Questions 532

Multiple Choice Questions 533
Suggestions on Problem Solving 534
Problems 535

15

15.1
15.2

15.3

15.4
155

16

16.1
16.2
16.3
16.4

16.5
16.6
16.7

VoLumE 2

ELecTrRosTATICS: FORCES 539

Electromagnetic Charge 540
Positive and Negative Charge 541
Insulators and Conductors 543

The Electric Force 548
Coulomb’s Law 549

The Electric Field 554

Definition of the E-Field 555
Gauss’s Law 564

Core Material & Study Guide 569
Discussion Questions 570

Multiple Choice Questions 571
Suggestions on Problem Solving 573
Problems 573

ELecTrosTATICS: ENERGY 577

Electric Potential 577

Electrical-PE & Potential 577
Potential of a Point-Charge 584

The Potential of Several Charges 587
Conservation of Charge 590

Capacitance 592

The Capacitor 592

Capacitors in Combination 597
Energy in Capacitors 601

Core Material & Study Guide 604
Discussion Questions 605

Multiple Choice Questions 606
Suggestions on Problem Solving 607
Problems 608



17

17.1

17.2
1738
17.4
17.5

18

18.1
18.2
18.3
18.4

18.5

19

19.1
19.2

19.3
19.4

19.5
19.6

Direct CurreNTt 615

Flowing Electricity 615
Electric Current 615

Resistance 624

Ohm's Law 625

Resistivity 627

Voltage Drops & Rises 631

Energy and Power 632

Core Material & Study Guide 635
Discussion Questions 635

Multiple Choice Questions 637
Suggestions on Problem Solving 638
Problems 639

Circuits 643

Circuit Principles 644

Sources and Internal Resistance 644
Resistors in Series & Parallel 647
Ammeters and Voltmeters 653
RC-Circuits 654

Network Analysis 657

Kirchhoff's Rules 658

Core Material & Study Guide 662
Discussion Questions 662

Multiple Choice Questions 664
Suggestions on Problem Solving 666
Problems 668

MagneTISM 677

Magnets & the Magnetic Field 678
Permanent Magnets 678
The Magnetic Field 681

Electrodynamics 688
Currents and Fields 688
Ampere's Law 697

Magnetic Force 699

The Force of a Moving Charge 700
Forces on Wires 704

Core Material & Study Guide 709
Discussion Questions 710

Multiple Choice Questions 713
Suggestions on Problem Solving 716
Problems 716

CONTENTS!  XiX

/

(

20 ErectromaeneTic INpucTiON 721

201
20.2

20.3
20.4

20.5
20.6
22.7

21

211
21.2
21.3

21.4
215
21.6

21.7

Electromagnetically Induce EMF 722
Faraday’s Induction Law 723
Motional emf 729

Generators 733
The AC Generator 734
The DC Generator 735

Self-Induction 737

Inductance 737

The R-L Circuit: Transients 740
Energy in the Magnetic Field 742
Core Material & Study Guide 743
Discussion Questions 744

Multiple Choice Questions 746
Suggestions on Problem Solving 748
Problems 749

AC & ELectronicS 755

Alternating Current 755
AC and Resistance 758
AC and Inductance 761
AC and Capacitance 763

L-C-R AC Networks 765

Series Circuits 765

The Transformer 774

Domestic Circuits and Hazards 776

Electronics 778

Semiconductors 779

Core Material & Study Guide 785
Discussion Questions 786

Multiple Choice Questions 789
Suggestions on Problem Solving 789
Problems 790



XX : CONTENTS

22

22,1
22.2
22.3
22.4
22.5
22.6
22.7

22.8

22.9

22.10
22:11
22.12
22.13
22.14

23

23.1

23.2
23:3

23.4
23.5
23.6

RapiANT ENERGY: LigHT 795

The Nature of Light 795

Waves and Particles 796
Electromagnetic Waves 797
Waveforms and Wavefronts 799
Energy and Irradiance 803

The Origins of EM Radiation 804
Energy Quanta 806

Atoms & Light 808

The Electromagnetic-Photon Spectrum 810
Radiowaves 811

Microwaves 812

Infrared 814

Light 815

Ultraviolet 816

X-Rays 818

Gamma Rays 819

Core Material & Study Guide 820
Discussion Questions 820

Multiple Choice Questions 821
Suggestions on Problem Solving 822
Problems 822

THE PROPAGATION OF LIGHT:
ScATTERING 825

Scattering 825

Rayleigh Scattering: Blue Skies 826
Reflection 830

Internal and External Reflection 830
The Law of Reflection 831
Refraction 836

The Index of Refraction 836

Snell’s Law 838

Total Internal Reflection 841

The World of Color 845

23.7
23.8

24

24.1
24.2
24.3
24.4
24.5
24.6

24.7

25

2541
25.2
25.83

254
25.56
25.6

25.17

White, Black, and Gray 845

Colors 846

Core Material & Study Guide 849
Discussion Questions 849

Multiple Choice Questions 851
Suggestions on Problem Solving 852
Problems 852

GeomEeTRIcAL OPTiCS &
INSTRUMENTS 857

Lenses 858

Aspherical Surfaces 859
Spherical Thin Lenses 861
Focal Points and Planes 864
Extended Imagery: Lenses 867
A Single Lens 871

Thin-Lens Combinations 879

Mirrors 890

Curved Mirrors 890

Core Material & Study Guide 898
Suggestions on Problem Solving 899
Discussion Questions 900

Multiple Choice Questions 900
Problems 902

PuysicaL OpTics 907

Polarization 907

Natural Light 908

Polarizers 911

Polarizing Processes 915
Interference 919

Young's Experiment 920
Thin-Film Interference 924

The Michelson Interferometer 927
Diffraction 929

Single-Slit Diffraction 932



