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PREFACE

PHYSICS: CHALLENGE AND
SIMPLICITY

Physics is fundamental. To understand physics is to under-
stand how the world works, both at the everyday level and
on scales of time and space so small and so large they defy
intuition.

To the student, physics can be at once fascinating, chal-
lenging, subtle, and yet simple. Physics fascinates with its
applications throughout science and engineering and in its
revelation of unexpected phenomena like superconductiv-
ity, black holes, and chaos. It challenges with its need for
precise thinking and skillful application of mathematics. It
can be subtle in its interpretation, especially in describing
phenomena at odds with everyday intuition. Most impor-
tantly, physics is simple. Its few fundamental laws are
stated in the simplest of terms, yet they encompass a uni-
verse of natural phenomena and technological devices.
Students who recognize the simplicity of physics develop
confidence that stems from understanding the physical
universe at a fundamental level.

This text is for science and engineering students. The
standard version covers a full sequence of calculus-based
university physics, and the extended version adds seven
chapters on modern physics. The extended version is also
available as a two-volume set.

Coverage The book is organized into six parts. Part 1
(Chapters 2 through 14) covers the basics of mechanics.
Part 2 (Chapters 15 through 18) studies motion in terms
of oscillations, waves, and fluids. Part 3 (Chapters 19
through 22) is on thermodynamics. Part 4 (Chapters 23
through 34) deals with electricity and magnetism. Part 5
(Chapters 35 through 37) treats optics. Part 6 (Chapters

38 and 39) briefly introduces modern physics. Each part
ends with Cumulative Problems that help students synthe-
size concepts from several chapters. Part 6 of the extended
version (Chapters 38 through 45) begins with relativity
and continues with quantum mechanics and its applica-
tions to atoms, molecules, and the solid state; nuclear
physics and its applications; and particle physics and
cosmology.

DISTINGUISHING FEATURES
OF THE TEXT

In the second edition, like the first, we emphasize careful
and thorough explanations. We have pared down wordi-
ness without sacrificing clarity of explanation. And we’ve
added many new features to help you learn.

Contents This revision includes many substantial

changes and improvements, most of which were suggested

by instructors who used the text or reviewed the

manuscript. Here are the most important changes that

were implemented in this edition:

* We added a separate chapter (Chapter 3) on vectors.

*  We reorganized Chapter 9 on gravitation so that it is
more focused than in the first edition.

* We added a second chapter on wave motion (Chapter
17) that includes extensive new material on sound.

* We reorganized the material on electricity and mag-
netism (Part 4) for a shorter, clearer presentation.

» The optics chapters in Part 5 are completely rewritten,
and we added a chapter to this edition for more thor-
ough coverage.
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* Relativity (Chapter 38) is now treated after optics, for
an introduction to modern physics at the end of the text.

* The number of problems in the second edition is double
that of the previous edition.

» A complete package of supplements is offered for this
edition.

Applications We include a rich array of practical applica-
tions—from the workings of the compact disc through
skyscraper engineering, biomedical technology, antilock
brakes, space exploration, global warming, microelectron-
ics. lasers, and much more. We chose to integrate many
shorter applications into the text, where they are more
likely to be read, rather than presenting a few applications
as guest essays. An index of examples and applications
appears at the beginning of the text. High-quality color
photographs and figures enhance the applications.

Questions These follow the chapter synopsis and can be
used for class discussion or to get students thinking about
concepts in the chapter before they start on the problem
sets.

Problems Science and engineering students learn physics
best by working physics problems. The second edition
contains nearly 3,000 end-of-chapter problems—double
the number from the first edition. Problems range from
simple confidence builders, to more complex and realistic
problems involving the application of multiple concepts, to
difficult Supplemental Problems that will challenge the
best students. A section of Paired Problems for each
chapter lets students practice problem-solving techniques
on a pair of problems whose solutions involve closely re-
lated physical concepts or mathematical approaches. Cu-
mulative Problems at the end of each part of the text
integrate the material from several chapters.

In-Text Exercises Reinforce the Examples Worked ex-
amples in the text are generally followed by an exercise to
reinforce concepts or processes. A Similar Problems line
after each exercise points out problems at the end of the
chapter that relate to the in-text exercises.

Tip Boxes Tip boxes point out useful problem-solving
techniques and warn against common pitfalls. Frequent
text references to specific problems link text and problems
in the common purpose of enhancing the student’s under-
standing of physics.

Pedagogical Use of Color The book™s design enhances
its readability; from the carefully planned use of color in
figures and to highlight important equations and defi-
nitions to the selection of photographs, design 15 an essen-
tial pedagogical feature. Physical elements are coded in
color to make them more apparent. A list of the elements
and the colors used for them follow this preface.

Chapter Synopses Chapter surnmaries emphasize key
concepts and remind students of new terms and mathe-
matical symbols. Even in a field as fundamental as physics.
many theories and their equations have limited applicabil-
ity, and each chapter concludes with a reminder ot limita-
tions students should keep in mind.

Appendices and Endpapers The book’s appendices
and endpapers contain a mathematical review and a
wealth of up-to-date physical data, conversion tactors. and
information on measurement systems.

PHYSICS AND MATHEMATICS

For many students, the university physics course is their
first contact with practical applications of calculus. We
recognize that our readers bring a range of mathematical
abilities, from those taking their first calculus course con-
currently with physics to those fluent in both differential
and integral calculus. The former will find tip boxes and
figures to build understanding of and confidence in their
new mathematical skills; the latter will find a selection of
challenging calculus-based problems.

For all students, we refuse to let mathematical deriva-
tions dangle. We ask frequently after the derivation of an
equation or an example solution: “Does this result make
sense?” We show that it does by examining eastly under-
stood special cases, thus building both physical intuition
and confidence in the application of mathematics. We ex-
plore the meaning of equations verbally and through
figures, ensuring that concepts are clear as students begin
to use the material qualitatively.

THE SUPPLEMENT PACKAGE TO
ACCOMPANY THIS TEXT

Professors and students alike often find it useful to have
supplements designed to complement their text. For the
second edition, we provide a new expanded package.



For the Instructor

The Solution Manual, prepared by Edward S. Ginsberg,
University of Massachusetts-Boston, includes worked so-
lutions to all problems in the text.

TestMaster software, available in IBM and Macintosh
formats, enables instructors to select problems for any
chapter, scramble them as desired, or create problems. A
print version of the Test Generator is also available.

Overhead transparencies are available to instructors
who adopt the text. This set of 150 color acetates of figures
from the text will be useful in classroom discussions.

For the Student

The Student Study Guide, by Jeffrey J. Braun, University
of Evansville, briefly summarizes the text discussion and
important equations in each chapter. It also gives some
common pitfalls for students to avoid and includes plenty
of practice problems (with solutions). To order, use ISBN
0-673-52369-1.

The Student Solution Manual, by Edward S. Ginsberg,
University of Massachusetts-Boston, includes complete,
worked-out solutions to some of the odd-numbered prob-
lems in the text. To order. use ISBN 0-06-501873-7.

PhvsiCad Explorer, by Tara C. Woods, consists of
approximately 200 examples from the text that have been
adapted for use with Mathcad® for Windows software
(version 4.0 or higher). The student can call up representa-
tive examples from the text and substitute new variables to
see how the results differ. Mathcad® will perform all the
calculations, generating numerical solutions and graphics
where appropriate. Besides offering additional problem-
solving drills, PhysiCad Explorer gives the student hands-
on practice using one of the most powerful numerical tools
available. Mathcad®. PhysiCad Explorer is self-contained
and includes the Mathcad Reader, so students need not
own the full Mathcad® software package.

A Calculus Laboratory Workshop with Applications to
Physics, by Joan R. Hundhausen and F. Richard Yeatts,
both from the Colorado School of Mines, contains 30
self-contained projects that can be used to strengthen the
calculus skills of introductory physics students. To order,

use ISBN 0-06-501719-6.

ACKNOWLEDGMENTS

A project of this magnitude is not the work of its authors
alone. Here we acknowledge the many people whose con-
tributions made this book possible. Colleagues using the
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first edition at universities and colleges throughout the
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versity of Colorado for their many thoughttul comments.
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the book, and photographer Erik Borg captured them on
film. Linda Eisenhart, Ann Broughton. and Tucky Cebal-
los at Middlebury and Susan Kautman at Williams Col-
lege provided invaluable assistance with many details.
Willie S. M. Yong of Singapore. a physics educator and
publisher with extensive involvement in the International
Physics Olympiad, suggested new problems and helped
keep the authors aware of our international readership.

It is frustrating for students and professors to find
numerical errors in a textbook, especially in answers to
problems. We have gone to considerable lengths to make
this book as free from error as possible. and we credit the
people who helped achieve this goal. Edward Ginsberg,
University of Massachusetts-Boston. meticulously checked
all numerical results in examples. exercises, and end-
of-chapter problems. Alan Goldman of lowa State Univer-
sity, Sven Rudin of Ohio State University. Kent Scheller of
the University of Bvansville, and Thomas Suleski of the
Georgia Institute of Technology rechecked these numerical
results. Claire D. Dewberry, Florida Community College
at Jacksonville, checked the art proots and made numerous
suggestions. Naomi Pasachoff provided expert proot-
reading.

Every chapter of the second edition was reviewed by
physics professors who examined part or all of the
manuscript. Their comments were incorporated into the
final product. We are very grateful to them all:

Edward Adelson, Ohio State Universiry

Vijendra Agarwal, Moorhead State University

William Anderson, Phoenix College

Gordon J. Aubrecht, Ohio State University-Marion

Paul Avery, University of Florida
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James Goft, Pima Community College

Alan 1. Goldman, lowa State University

Philip Goode, New' Jersey Institute of Technology
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Warren Hein, South Dakota State University
Gerald Harmon, University of Maine at Orono
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J. N. Huftaker. University of Oklahoma
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Karen Johnston, North Carolina State University
Evan Jones. Sierra College

Dean Langely. St. John's Universiry

Chew-Lean Lee, Florida Community College
Brian Logan, University of Ottawa

Peter Loly, University of Manitoba

Hilliard K. Macomber, University of Northern lowa
David Markowitz, University of Connecticut
Daniel Marlow, Princeton University

Nolan Massey, University of Texas at Arlington
Ralph McGrew, Broome Communiry College
Victor Michalk, Southwest Texas State University
P. James Moser, Bloomsburg University
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Dale Yoder-Short, Michigan Technological University

We also thank editors Kathy Richmond. Jane Piro,
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fruition. Finally, we thank our families for their patience
during the intense process of revising this book.
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sors, and others—for improvements 10 our text. We
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contact us by electronic mail.

Richard Wolfson
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5L A drinking steww 20 cm long and A0 mm i dismeser
stands veccally in g cup of juice 8.0 cm in diameter, A
rection of straw 6,5 cm long extends above the e, &
SHI1A Bucks i e straw, and te level of juce in the gla
iy dropping ot 020 omds. ta) By bow much does
pressure in the child s mouth differ from atmespherts pres-
e (b What v the greatess height from which the chili
coteld drink, wssuming this same mouth pressune’

e

. Paired Problems

it dnvilve the Same principies ud sk

1
A has volume 023 m' and mass 16 kg W
water when filled with (a) water 01 (b) gisol
denwity Bl kpim')? Neglect te (bicknsss of the sreel

culsr pan 20 cen in dbwmeter has straig bt sodes
2 s made (rom metul of negligihle Hick-
nese To what maximum depth-cun the pan be filled with

i

1an OLES g end dinmicoer
Hed with belinern (density (18 kpfm'}

[

FIGURE 18-51 Problu:
thrame th vagh g | 0-con-dismeter pipe at the Baroo: il
pipe then joims & |5 cm-diumeter pipe open W the aimo-
sphere. as shown n Fig. 18-52. Find (a) the flow speed in
thee tiarrowe sectinn and (hy the witer beght in tha cenled
| tube shown

ips cun you heng feom e balloon
befiue it loses i1y buoyincy”®

S : imeter hus masn per wnit Jengih

tri. i e i m-long plece of the sirmg to u spher-

iral h Balloon 23 em in disnivier and find thot the

balloon Moats with 1.8 m of strng off the floor, Find the
cornbined mass of the bullvon and helium

7 Water stu prspre of 130 kPa s fowing al LS mds through

@ pipe, when it encoomiters an alstruction where the pres
aie dropy By 5T, What fractum of ihe pipe's aren fs
obsirucied”?

8 A veniuri fowimeter inun ol pipeline has o rudius half that
of the pipe, The fow speed in the uneonstricted flow is
L8 mis I he pressuse difference hetween the uncen
siriciedl fow and ths VERION iy §6 KFL what i e densily

the wl!

56 Find an expression for the volume fow rule from the
siphon shown m Fig. 18-3 1. assuming the siphon ares 4 |-

much less (han the ok aren, i Hof

o1 la] Find the uutial siphon Tow speed in Fig. [8-51 o the duy
tarik i sealéd, with dts top a4t only one-fourth of stnio e
sphetic pressure. Answies (i ferms of atmospheric pressure e

%, liguid demsity o, height b, and g, (5] What is the may- 63, Fig]
imum distance hetween the bend 01 e wp of the siphon U]
ad the liguad Jevel in the 1ank for which the siphos will the
work under these conditions, assuming the liquid is water”? itng
(Chive o numerical value here. Ealy
cqis

‘ Supplementary Probloms i
end

ol A Lt diameter tunk is flled with water toa depth of bl
200 e andd s open w the pnosphece at the top. The witer o

Supplementary Problems will chal ————

lenge the best students, and Cumula-
tive Problems at the end of each part
integrate material from several chapters,

Paired Problems lef students practice

problem-solving techniques on a pair
of problems whose solutions involve
closely related physical concepis or

mathematical approaches

454 PART'2  CLUMULATIVE PROBIEMS

PART 2 CUMULATIVE PROBLEMS

of el mass A and pnifiem diameter 4
oy diseribition thal causes it to foal o i
vertnal positon. as shown in Figure L () Find an expres-
stom for the lengeh € af the suhmerged portu of the log
when it is floating in equilibrivm, in terme of M, d. and the
waker densily g (B0 I the Jog i displuced vertically fiow
15 equilibrium pesition and refeased, itwill undergy simple
hirmonic mataed, Find an expression for the period of this
mation, neglecing viscosity aml other frictional effecty

1. A eyhindrical Ir
has an uneve

FIGURE 1 Cumlutive Priiblem |

2 A cable-of wral miass i und fengeh ¢ Bangs vertically, wirh
amass M alluched s bottom emd, ws shown in Fig 2. The
mass 1+ given o sudden sidewnys blow that stirts a Jow-
amplinde pulse propagating up the cable, Show (bl che
time it takes the polse o reech the top of 1he cable is

FIGURE 2 Curnnlurive Problem 2.

3. Let £y and p be the atmospheric presssire and denaty at
Earili's surfuce. Asame that the ratio Pl is the same
throughout the wmaosphere ¢ this implics that the fempera

i

=

e euniform), Show that th
nhove the surface iy goven by
less than Farth's rasdios ¢ this amour
curvalure, und thus mking g i be
A piece of rope of length ¢ end
spliced wegether o futin il
spinning a1 so high a rate that it forms
thally uniform wasion 11 i then placed m conts
ground, where it rolls, without slip
The long i rolling on level grownd when i rolls ov
Hhal produces & SsuUll aislorion (see P 4 As
o pulses. wnitially coinciding, propage
apposite directons. (al Where will
) Through what angle will the o
pulses:ane sepirated!

huve rotaed while the

FIGURE 1

- A T-shaped be contuining hagu
thitt tilts back und forth through u slight wng) i
Fig, 4. The diamerer af the jube i much thian exher the
Drcighie G its armits oF thelr Separation. When Lhe Lubie is
rucked very skowly ar very rapidly, noth rticulurl y
dramatic happens: But when the rockin
lew times per secomd, the bguad Jevel
wiolently, with maximum amplinde
wl 1.7 He. Explain what o gon
Benpgth of the Biguid including bo
partinms,

a. and find the whol
1 vertical dpd borizantal

FIGUREAS

ative Pristiem
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CHAFTER 4 MOTION [ MORE THAN ORE SIMERSION

Cuin there be ntrae “line drive” i haseball? What ix re-
quered for the ball 1o reavel inoa nearly stradght, horizontal
trnjectory!

What s the vertical companent of i prigeatile’ s welocity ut
the peak of itn trajociory !

I terms ol 1ts mitial vebociry, whit s the horizoml cormgsa
nent of o projectile’ s velocity at the peak of its trajeclory?
Is there any point on @ projectile s frajectory. where the
webocity and occeleration are perpendiclis?

7 Mow o the upeand-down motion of an object hiown

strufght up comsistent with our conclusion that propectikes
infiow parmbodic rajectones’

Projectiles lwanched ut 30" and 607 hove the same range
Do (o mmemn they stay in the wir the sume armuu il of time?
Medieval invaders are anacking o walled villuge on o far-
fopped hill, ws shown n Frg4-22, 1s the horlzontel range of
the rocks they're catapufting given by Bguation & 107
Expluin

FIGURE 4-22

PROBLEMS

Cuestiony 19, 21

=

Earth' = curvature renders Eyuatam & - [ inexact for propss
tiles with very long ranges. Dy wou expest the actual range
uf such u pipectiie o be kinger o1 shoeter than Equustion
A= 10 would imply ! Explain,

1A 457 lunneh angle muximizes the homontal cange of o
projectile. Is (ks sull irve for the simation shown i Fag,
2.223

T2 A frend whis & nofl w@kimg phvsics imsists thil vl can ©he

accelernting when you drive acound o urve since the
speedomeder nending remains sieady. Refute this wrgument

23 Youre driving wround o curvee. 15 there ny. way of stepping

on the gas of brake such that your ngential scceloration
cancels your redinl sceelerntion. gaving i nel secelepation ot
zern How or why nis?

24, An ohject starts from red, sccelerating with constant laso-

gential acceleration o u circular path, Which fs greater
when it slurly, ity tangential or its codial ecceleration?
Which 15 grester after a long Hime? Explain

25 An objece moves outward along the spiral path shown in

Fig 4-23, Must its sped inereise, decrense, o remin he
same i the mugnitude of its rdin] aceelesation is o remuin
corstant'

FIGURE&-23 (juestion 2%

N

verse problems will help your students un-
derstand concepts and develop problem-

early 3000 new, interesting, and di-

solving skills.

*

Section &-1 Velocity and Acceleration

e

A skater 1 phiding along the ice ut 2.8 mis, when she onder-
woes an meeelerngion of magnitude 1,1 mds® for 2.0 = Ag the
end of that tirne she & moving &t 5.0 mJs. What must be the
ungle hetween the aceeberation vector and the initial velooity
RO

I thee preceding probliem, what would have been the magni.
tode of the skater s final velocity if the acceleration bl
been perpensdicular 1o ber fnitial veloeity”

An nbject is moving m the ¢ direction at 1,5 m/s when it is
subsjeted 1o nn sccelerntion given by u = 0,52 § mi /s’ What
6 its velocity veen affer 4.4 5 of acceleration’!

An airdiner is flying ol i vebocity of 2607 m/s, when o wind
st gives. it an scceleration of 0381 4 072§ mds’ for 2
perind of 24 5, (a) What i its velocity st the end of that

time! (b1 By whot angle bas it been defleceed from it ong-
inal course”

Saction 4-2 Constant Acceleration

5. The pesition of in vbject an o Tusicdvn of L b given by
ro= 240 = L2004 (089 - 197N my where f s the
time in seconds. What ure the magnitede and direegion of
the aweeleration?

&, An arplane hepds nostheasstward down o runway, acceleral-
g, o Test il the ke of 20 mist. Express the plune s
vekocity and position at £ = 30 s m unil yeclor gatation,
uing o congdinate system with o uxis castward wod v axs
nerthwird, und with origin ar the stan of the plone’ s tkeofl
rall.

pody 21 kmis, To
ket w the as-
b kmis’ ol right
ffiring losts 250 5.
prsterid' s motion
the firmg?

ctsom ul 4.5 o
direction tor a
yin the v and ¥
knagninde of its

n i stick impirts
pr1.01" angle to the
fouwluration  |asts
Ing (b time™

now the acceler-

hivchiily v =

given

inal directson of

dents to
section for help using o worked example.

refer back to the corresponding

Section-referenced problems allow sty s——

T T T T e does the particle
crosy the y axis! (h) What i its y coordinate o the fime?
le} Menw Giast is it moving, mnd in what direction, at thut time!

120 A particle starts from the orgin with imnal velocity v = o
and constant sccekerution @ = uj. Show that the parti-
cle's distance from the ongin and s directi lative to
the v ans hre given by d =Vl 4 amd
A = tan"iat/ 2uq).

1 Figure 4-24 shwws a cathode-tay whbe, used w displuy elec
wrical signuls: in oscilkscopes und other scientific instru-
ments, Electrons are uwoelerated by the electron gun, then
move down the center of the twbe ot 20X 107 entds, In the
4.2-cm-long deflecting regicn they undenso un wceleration
directed perpendiculur 1 1he Jong axis of the wbe The
accelerstion “steers” thern 1 o particular spol on the screen,
where they produce a visible glow. () What sceederation is
aeeded w deflect the electrons thinogh 15%, s shown in the
figueeT (b) What is the shape of an eloorean’ s path i (he
deflecring region?

Deflecting.

FIGURE 4-24 & cothode-my tube (Problem 13)

- ’ Section 4-3 Projectile Mofion
14, You toss an apple horizontaily at 9.5 mis from a heghe of

L8 m. Simultaneously, you drop 2 peach from the same
height. How long does each ke 1 reach the ground?

3

3

83

L A carpenter tossen o single off a ¥ 4-nehigh roof, geving
un initkally herizonsdl velosity of 72 mds (4l How long
doves it take o rench the ground” (b How far does it move
busneonnally i this rime

. An arrow (ted borizomally st d | moy mnels 23 m onzon

ally before s Hits (he ground, From what helght was it
fired?
A ki Times u-blob of water hosizontally from s squirt gar
el 16 i abave the grround. 1t hits another kid 21 m awa
sqquare in the back, at o point 093 moabove the ground §see
Fig. 4-25), What wan the initial spesdd of the blobT

FIGURE&-25

Problem 17

You are tryng to roll o ball off o BU-cm-high tabie o
squash s bug on 1he floor 50,0 cm frowm the table’ s edge
Howw fant ahoaalil yeme roll the bl

. Repeal the preceding prohlem, now with the beg moving
wwmy from the table 2 30.0 mm/s und 500 cm from the
bl when-the bull leaves the table edge
Mike i stinding cutside the physics buklding. S 0 m from the
wall, Debbig, wt o window 4.0 m obove, weses a phynws
ook horizontilly, Whit speed should she give it if itis 1w
feach Mike?
Ink drerplets in an ink-fet prinier are epecied hervontally a
12 mis, and wavel o borirontsl distance of 1.0 mm w the
paper How fr oo ey full b ks fevael?
Profons in a partick: accolerator drop L2 gm over the
| F-ken lemgth of the aceederatr. Wihat i their approaimuite
avernpe speed!
You't e on rhe ground 30 o the wall of u building, and
WIOE b CREOW i pockiags fTom your | --m shoulder fevel W
wameone in o second foor windos yhivwe the ground
AL whiar speed wid angle should you throw i€ it just barely
reaches the window”
Deerive a generul formuola for the borizonial disance covered
by i projectile launched horizontmily a1 spesd e, from a
height h.
A car moving ot 40 km (b ankes 0 pedestrian o glancing
blow, breaking both the car' x from sagnal lizht lens and the
pedesirian’ whip. Peces of the s pre foond 4 (0 m down the
road from the venter of o |2 wide crosswalk, and o
lawsait hinges on whether or not (he pedestran was in the
crosswalk 6 the time of the accdent. Assaming (hat the ks

XXX
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CHAPTER sYNOPsis 4

Summary

Fluld v matter thut teadily deforms wnd fliows under the
mihnc forcos. Mloids are characierized vy density, o
[T et WIS yoluime, whd pressune, of fece perwme iren

era, like airplane ight, wre more simply. explaimned
through the wetion-reaction forees of Newton's third law.
Fluid friction, or viscosity, is especiully important near
fluid boundaries, particularly in worrowly confined flows,
Miscasity exerts o wabilizing influence an fows that would

F S

Liguinds nre oearly incompressible, meaning liguid density
harritly changes (ases are compressihle, copable of larpe
density changes, but such changes generally vecur anly
when fliw speeds approsch ur esceed che sound speed.
v hydrostitic eguilibrium there is ne net force on uny
element of o fuid. In the absence of external forees, liydro:
statc aguilibeium sglies uniform presere throughoot the
Phanl I the presence of gravity, Muid pressure inoreases
wath depih so pressure lorces balance the grovimational
toree; m o liguid, thot merease s described by

P= 8y + puhs

where P s Lhe surface pressare and b rhe depih

In hydrostatic equilibeiom, a pressure increase ol any point
i transtntied chroughout the uid. a fsct known ss Pas-
al's law.

Busvaney in the upwand pressure [oree on an ohbject

viherwise beeome tucbalent, or chsoocally unsuble

Terms You Shauld Undarstand

{Pates ars cliselv selated rermy whose distenciion (r iamperian:
numher in parentheses I8 chaprer wection whese term fivse

appesrs, |

laiel (introduction|

densiny (18-1)
pressure { [5-1)

pasced (1H-1)

hydrosatic aquilibrivm (1821
hatoirieter, mandmeter (152

pauge pressuce (182}
Poscal's fuw (1820
busyiney foree (18-1)

Archimedes's principle ¢ | H-3)

Chapter Synopses ocmphasize key

concepts and remind students of new

terms and mathematical symbols

FIBURE 18-38  Question 8

whlly o partly immened in a fluid. The buoyandy forcs  vouteal buuyianey {18 3)
In equal o the weight of fhad displsced by the objeci- o streamlines [ 18-4)
[t ko is Archimedes’s principle. If an objectin less  steady fow, unsteiady Gow (184
dens than 1be thid, the buoyancy torce exceeds rhe grav Mow tube ( 18-4)
mathonul force, und the object rises. contimuity eguation | 15-41
A A merag Tluid s chacaceerised by s Tow vedoviy pocacl s Tow e, volume Gw e 8-
ot an space and time, In stendy flow the velocity B8 Barnoulll's cquation (1843
alwirys the sime at o given point; soch flow (= represented  ventun {145
by stremmiines that mark the paths of the fluld clements.  Bernoully efte]
In unstendy Mow the flow velocity sanes with e peowell it o185
s pOsiISn VIsCoGILy || - UCTNONY, 487,
B Thee luws of conservation of mass aml conservition of en-  mrbolence ||
eigy provade w simplified description of o flid in seady
s Bl ivey i rl“;f:;dﬂ':‘:“:h:‘I:‘::I'“::“J"“‘:‘;:;‘J’:n ) Symbols Yo @ Limitations ta Keap in Mind Reroull s equation apsies aaly 1 tncompressible. (i
maas e s an he continaity equotion: ;:Irll:- I]; Trealing mistter ws w 15 fluid = an apy :':“:1: :: |I:]u1d-’o of e gasen moving ar musch e o L
= G vahd only when the spacing between mokecules bs much QUL Apese
puf = congiant along o o vt PU{18: 1) sivailler than any bength of mierest— including the wave-
where A the tobse aren and pod the muss Now rate. B o fengih of any sigrifiosnt wave mmion
liquid, or a gas with Dow speed well helow the sund  Problems Y,
speed, the densicy @ is constant and therefors the yolume o
flow rate ©A remains constant dlong o Gow fube f:}::}:“:: :: QUESTIONS .
In seenely, incompressible fow in the ubseoce of visci- inalyzing sim| 8
ity or other forms of enerpy Inss or addition, conservation determining o) I Expluin the difference between hydrostatic equilibrium,
of energy vields Hernoalli's sepution: frm—r steady flow, and unstendy ow,
) : - determining 2 Wiy do your ears "pop_ wh:n__mu drive up a moungn?
I+ —pe® + pgh = constant along & flow tube, sl the Gen 4. The cobins of commercinl jet airceaft are wsunlly pressur-
b 2 (184} ized t0 the pressute of the atmosphere st about 2 km sbove
The contimuiey equation and Bernoalli's equation tgether  using the con et jovel “,h) dony't you, F21. the lower prefiisre oo your
nelp explaln o grent many uid phenomena; other phenoni- pether 1 o . ;’:"’" by ) ; FIGURE 1B-3%  Why don'dsmickels werrh o0 100 than o tietel
ter pressure 0t the bottom of the ocean arises from e oe w0 of depth (Quedion | 51"
weight of the overlying water, Dines this mean that the
water exerls pressure only in the downward direction?
Eapluin
5. The three containers in Tig. 1837 aee filled o ibe sae Y. An doc cube s floaring I & cup ol wares, Wil ts waics
lewed anad are open wihe aomosphere. How do the pressures Tevel rise, full, or remuin the same when the cobe melis?
o the hotnsmy of the three containers conpare! 111, Meteorologists in the United States usially repon barome
ter readings in Minches.” Wit ore they talking ubout!
o~ L A mountaln stream, froshy with eomuined wr hubbles, pire
WO @ SETIONs Tazard @ Rlkenn who fall 00 15 for they
may sink in the stream where they would (st in calm
water, Why "
12, Why ure dams thicker a2 the bocwom than a the op?
= 3, 1t's not possible i breathe through i snorkel from o depth
FIGURE 18-37  Question 5. greater than i meter or so ||_'|g | H- 25 \H!_\' nert
: . 14, Most humans flost natoraily in fresh warer. Yet the budy of
Even in a field as fundamental as 6. Municipal water systems often (nclude tanks or reserviies a drowning viceim generully sinks. often msing several days
_ . . mounted on hills of lowers, Besides water storage. what later after bodily decomposition han set i What might
ph)’leS, many fhmrles Qﬂd rhe" equa- Tunctiod might these reseryoirs huye! expluin this sequence of foating, sinking. wnd foating
. il 3 iy T, Why is it ewsier to float in the ocean than in fresh water? again?
tions have limited upphcub:llty. Each H. Figure 18- shows a cork suspended from the botiom of 15, A helium filled bulloon sogs rising loag hefore 1 reaches
asealed contuiner of water, The container is on o wmishle the “1w0p”™ of the atmosphere, while o cork released from the
chapter concludes with a reminder of fotiting Whout o vertical uxis, ax shown, Explain the posi- bateomn of o lake rises all the way o the sarface of 1he watisr
renct i tion of the cork Explain the difference between these twi hefusvinr
limitations that students should keep in 1. A hasge filled with steel beanms overmurns in o like, spilting
its cang. [does the witer fevel in the lake rise, fall. o
remniin the pame’!
170 Imgine u vertical cylinder filled with waler and set pinal
ing nbout ite axic. If plecas nf wood
duced inter the cybinder. where will eoch e
18, When gas o steady, sirbsonic flow through a fube eocoun
ek canstriction. it flow speed mcrenses. When it fiows
supersomically in the sime situation, flow speed decreases
in the constricticn, What must be happening o0 ihe gns
density at the constriction in the siperondc case?
1% A ball moves horlzontally through the nir without spin-

ning. Where on the bull & surface is the air pressare great
esl?




ning of the text
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L o == FIGURE14-14 |+
il

FIGURE 14-33 A hornan urm

ik We can r
1 balince 1 TRT NG
Foo = Taeostl bumon bedy
i M m hjects o may |
EXERCISE il ires bronch han
TIF You Can Avoid Solving for Trig Functions of LZm A rope helps
Here we' ve chosen o treat the fwo components of the Dz 4, 5-kg

contact force as unknowns rther than {1y o FHiw e

ang direction as we did with the hinge force in Exam
phe 14-2, Thist way wi svaid solbvitg, for irig fundrions,
but in the end we' Il kove 1o calenlate. the magninade
force from It componenty. 1t dossn't muke Answer: 114 ke

il these , hut i it's 3
mare siraightforward i you cun mvold sabving for an
anknown angie

from u

1pe fen

Some problems similor fo £ fa 14-5; |9
a9, 40

T 1 the elbow gives u lorque equstic in

't appenr

B APPLICATION RESTORING THE STATUE CF LIBERTY

s the force

1 1 pives

In 1986, workers completed mu

Liberty, France' s

sind designes

that hes erew frrces or

(6,14 mh2 A2 migd s kel |98 Nikg)

in BOF

nspired o vators
e Century
il from a chem

i the

= 500N

nd wirthoul the work of
e} the statue conld net
um. Eiffel

to provwide fhe forcis nec
nd orques associated with components of
the force exerie

amid
¢ Tuinth — (m + Mg Q
= {5000 N sin B0 < (2 3 ;

420N, FIGURE 14+

d by owind (Fig

14-16 siructed in Frone
pieces, York. Durning
% @ o on, Liberty' s b

AT We e

High-quality color figures and photo- —— v
graphs enhance the text. For a full expla-
nation of how color is used to show

physical quantities, see page xxxii.
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A rich array of practical applications is
presented—from the workings of a com-
pact disc to skyscraper engineering, bio-

global warming, and microelectronics.
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166 CHAFTER 7 WORK

ETE PRWEr Cllts (e

Ar

vilies ooy

peen Lt 11 pro
poweT, Act

wercome the negatve

Same problems simi

Wl power 15 comstant., 5o e average and instant
then Fuation 7 hows thut the ameumt of wi

When the power 15 nol constant, we can Constder
taken over s small I that the |
all the:

we hive

where S £ooare the b

ulile 1he power

® EXAMPLE 7-13 AN ELECTRIC BILL YANKEE STADIUM

(001 KW 0 by

e Stadium
i e
game, it eleeticity couts Y.ae kW

vomsurmnption of the SO0 lights s S0 KW Since
al work dane o nan e g i

i et T

: prosluct of o

EXERCISE

i 10" KW h: (b §20

Answei

00K kW Some problems similar to Exam,

FIGUR

S el oddn forther, And what at

your fosd o

just shoa 191 KW per |
1onk are within o fuctor of

power outpur of {he human
human Tabor, indesd of g

shovws that 36 of them saoek in
with prssds;

Cnmnasid
L

Ity

364,
Hesiidentinl
[t 4
\ LN
Tramsparatio 5

Energy e ih the Unlied States for the lae

FIGURE 7-21

Twennerth Cenmury

We chose to integrate many shorter
applications into the text, where they
are more likely to be read, rather than

presenl a FEW as gUESf es55a
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5-7 ADDING FORCES

v considired oy situations where s single e ety on ah chject. But
wre are several [ ed in Fig. 3-13, Airplane flight
associpted with engine thrust, air fowir
gravity (Fig- 5-14)

o apply Newton's Ly in these multple-fo
¢ by experiment: We i
nel fore an object. Newtan's second low then relates the obyj
and neceleration W this net force, As long s that net firce i not zero, the object

cRd ct s 5

wer the wings

The answer
+ind

= IS

FIGURES5-13
nh o stalled cur
1l their iy

When

Wil vecton fally the individuad foree

must he accelerotin

H-dmperrtant | The
tor sum al

iy e wll wores of forces acting on g
that determines the nel fore

nd therekine

sl

v L 3
Trust Newton  Newwn's second law really does refate
acceleration 1 the net force in ull inertial frames, In partic-
wlar, if you see an object At rest or moving with constant velocity, with
respect o an inertial frume, then = 0 and Newton siys the net furce
an that phject must be zero, 1T you find a nonzern net foree, look agwing

Tips point out sirategies for helping

FIGURES

students to solve problems

In this introduetory. chapier o
forces in one dimen:
1

B
ol the nel

n only

FIGURES-15

The grvidat

there st be additional forces acting (see Fiiz

Mewtn's laws, we

and dhe ding

consider the addwion vl
und v addition =
Joree, In the newt chapter we'll deal with

fo

n e VEETIE,

® EXAMPLE 5-7 AN ELEVATOR

stor i seceleratmg wpwared at 1,1 i, palled by
siiss, an shown fn Fig. 5-16. What is the
1 the elevator cable!

Solution

This is wn wpor

£ and uniderstanding it thoroughly
o upply New nid Taw correctly inomoe
sed situations Wete ghven the acecleration and mass
11 1he cable. Cun't we just wiite T =&
W s et only for the ret farce. sl here
he only force acting, There is also the
o und peints downward

will he

TP identify the Forces
Newton's L problem in fo identify the forces aeting on
the ohjeet ar objects of mterest. There' s no sense pro
weding uoless yon know the aet force— aind that re-

A key siep in solving iy

quires lentifying off the individual forees octing.

Culling the tension force T and the gravitatinnal force Fy, Sevw-

o' 5 seconid law Becomes

F=1T+F = mu

1551

TIP Vectors Tall it All Yoo might be fempied 1
put it signs in Bquation 53, But oot yet! This i o
Ve cquition, and informution shout dgns is built
into the direetionil natre of the vectors. Skipping the
step of writing Newton's lue in vector form will aften
et you it trouble. And in writing the vector eqution,
youl inever teed 1o worry about signs

of Mewlon's second liw for
dinate system and write the

at swaem. Here all the forces
al, w0 we cheaose our v axis pointing vertically wpward
Noaw wie wrile e componen(s of our vecion equanon 3-3, Tn This
waye - dimensionnl prohbem only fw v equation 1% interesti

we et choc

s of Newton's low in th

Iy, It reads

T+ Foo= ma, (5-61

Mow (he tenston foree T points upward, or in the =y direction:

wverticn] component T, is positive and i equal 1o the magmn:
T af The gravitutiona) force F, has m ituile g and

Worked examples are followed by exer-
cises to reinforce concepts. A Similar
Problems line cfter the exercise
indicates the relevant end-of-chapter
problems.

[k ertically dowmward, in the —x direction. 1s vertical
component £y, w terefore — |'foen Biquation 5-t s

T = mpE = i,
) I mad, +omg + &} 15-71

Before putting i specifie mumbers, let's sea i thin result

akes sense. Suppose the seceleration

were zero, Then the

105

FIGURES-18
and the atinan
The ehevals

amoant
ALPIOTE T €

wiinil ncceler

100N

Whatt il the

Iegat

e

and Ey

than g Does
thon, 1

drwnward

the

T Were
tensbon force would b
Yiu probobly o
problem m yuar bed
here— spevifeally, v
eyuation wnd then b
able 0 handle more
We will outline the
more for

EXERCISE

0 force

illy i the o

Trom Earthat 51 m/s
rockel s 1
Anpwers |61 N

Some problems similar to Example 5-7: 27430
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