FUNDAMENTALS
OF PHYSICS

EXTENDED
FIFTH EDITION

HALLIDAY * RESNICK * WALKER



FIFTH EDITION

FUNDAMENTALS OF

PHYSICS

DAVID HALLIDAY

University of Pittsburgh

ROBERT RESNICK

selaer Polytechnic Institute

JEARL WALKER

Cleveland State Uni

JOHN WILEY & SONS, INC.
New York « Chichester « Brisbane « Toronto * Singapore



ACQUISITIONS EDITOR Stuart Johnson
DEVELOPMENTAL EDITOR Rachel Nelson
SENIOR PRODUCTION SUPERVISOR Cathy Ronda
PRODUCTION ASSISTANT Raymond Alvarez
MARKETING MANAGER Catherine Faduska
ASSISTANT MARKETING MANAGER Ethan Goodman
DESIGNER Dawn L. Stanley

MANUFACTURING MANAGER Mark Cirillo
PHOTO EDITOR Hilary Newman

COVER PHOTO William Warren/Westlight
ILLUSTRATION EDITOR Edward Starr
ILLUSTRATION Radiant/Precision Graphics

This book was set in Times Roman by Progressive Infor-
mation Technologies, and printed and bound by Von Hof-
mann Press. The cover was printed by Phoenix Color Corp.

Recognizing the importance of preserving what has been written, it is a
policy of John Wiley & Sons, Inc. to have books of enduring value pub-
lished in the United States printed on acid-free paper, and we exert our
best efforts to that end.

The paper on this book was manufactured by a mill whose forest manage-
ment programs include sustained yield harvesting of its timberlands. Sus-
tained yield harvesting principles ensure that the number of trees cut each
year does not exceed the amount of new growth.

Copyright © 1997, by John Wiley & Sons, Inc.
All rights reserved. Published simultaneously in Canada.

Reproduction or translation of any part of this work beyond that permitted
by Sections 107 and 108 of the 1976 United States Copyright Act without
the permission of the copyright owner is unlawful. Requests for permis-
sion or further information should be addressed to the Permissions De-
partment, John Wiley & Sons, Inc.

ISBN 0-471-10559-7
Printed in the United States of America

109 87 6 5 43 21

T



LETTER TO STUDENTS

v

Hello There!

You are about to begin your first college level physics course. You may have heard from
friends and fellow students that physics is a difficult course, especially if you don’t plan to
go on to a career in the hard sciences. But that doesn’t mean it has to be difficult for you.
The key to success in this course is to have a good understanding of each chapter before
moving on to the next. When learned a little bit at a time, physics is straightforward and
simple. Here are some ideas that can make this text and this class work for you:

* Read through the Sample Problems and solutions carefully. These problems are sim-
ilar to many of the end-of-chapter exercises, so reading them will help you solve
homework problems. In addition, they offer a look at how an experienced physicist
would approach solving the problem.

* Try to answer the Checkpoint questions as you read through the chapter. Most of
these can be answered by thinking through the problem, but it helps if you have
some scratch paper and a pencil nearby to work out some of the harder questions.
Hold the answer page at the back of the book with your thumb (or a tab or book-
mark) so you can refer to it easily. The end-of-chapter Questions are very similar—
you can use them to quiz yourself after you’ve read the whole chapter.

* Use the Review & Summary sections at the end of each chapter as the first place to
look for formulas you might neeed to solve homework problems. These sections are
also helpful in making study sheets for exams.

* The biggest tip I can give you is pretty obvious. Do your homework! Understanding
the homework problems is the best way to master the material and do well in the
course. Doing a lot of homework problems is also the best way to review for exams.
And by all means, consult your classmates whenever you are stuck. Working in
groups will make your studying more effective.

The study of basic physics is required for degrees in Engineering, Physics, Biology,
Chemistry, Medicine, and many other sciences because the fundamentals of physics are the
framework on which every other science is built. Therefore, a solid grasp of basic physical
principles will help you understand upper-level science courses and make your study of
these courses easier.

I took introductory physics because it was a prerequisite for my B.S. in Mechanical
Engineering. Even though engineering and pure physics are worlds apart, T find myself
using this book as a reference almost every day. I urge you to keep it after you have finished
your course. The knowledge you will gain from this book and your introductory physics
course is the foundation for all other sciences. This is the primary reason to take this class
seriously and be successful in it.

Best of luck!

“ooh Yaae

Josh Kane




Preface

For four editions, Fundamentals of Physics has been suc-
cessful in preparing physics students for careers in science
and engineering. The first three editions were coauthored
by the highly regarded team of David Halliday and Robert
Resnick, who developed a groundbreaking text replete
with conceptual structure and applications. In the fourth
edition, the insights provided by new coauthor, Jearl
Walker, took the text into the 1990s and met the challenge
of guiding students through a time of tremendous advances
and a ferment of activity in the science of physics. Now, in
the fifth edition, we have expanded on the conventional
strengths of the earlier editions and enhanced the applica-
tions that help students forge a bridge between concepts
and reasoning. We not only tell students how physics
works, we show them, and we give them the opportunity to
show us what they have learned by testing their under-
standing of the concepts and applying them to real-world
scenarios. Concept checkpoints, problem solving tactics,
sample problems, electronic computations, exercises and
problems —all of these skill-building signposts have been
developed to help students establish a connection between
conceptual theories and application. The students reading
this text today are the scientists and engineers of tomorrow.
It is our hope that the fifth edition of Fundamentals of
Physics will help prepare these students for future endeav-
ors by contributing to the enhancement of physics educa-
tion.

CHANGES IN THE FIFTH EDITION

Although we have retained the basic framework of the
fourth edition of Fundamentals of Physics, we have made
extensive changes in portions of the book. Each chapter
and element has been scrutinized to ensure clarity,
currency, and accuracy, reflecting the needs of today’s
science and engineering students.

Content Changes

Mindful that textbooks have grown large and that they tend
to increase in length from edition to edition, we have re-
duced the length of the fifth edition by combining several
chapters and pruning their contents. In doing so, six chap-
ters have been rewritten completely, while the remaining
chapters have been carefully edited and revised, often ex-

tensively, to enhance their clarity, incorporating ideas and
suggestions from dozens of reviewers.

* Chapters 7 and 8 on energy (and sections of later chap-
ters dealing with energy) have been rewritten to provide
a more careful treatment of energy, work, and the work —
kinetic energy theorem. As the same time, the text mate-
rial and problems at the end of each chapter still allow the
instructor to present the more traditional treatment of
these subjects.

Temperature, heat, and the first law of thermodynam-
ics have been condensed from two chapters to one chap-
ter (Chapter 19).

Chapter 21 on entropy now includes a statistical me-
chanical presentation of entropy that is tied to the tradi-
tional thermodynamical presentation.

Chapters on Faraday’s law and inductance have been
combined into one new chapter (Chapter 31).

Treatment of Maxwell’s equations has been streamlined
and moved up earlier into the chapter on magnetism and
matter (Chapter 32).

Coverage of electromagnetic oscillations and alternat-

ing currents has been combined into onc chapter (Chap-
ter 33).

Chapters 39, 40, and 41 on quantum mechanics have
been rewritten to modernize the subject. They now in-
clude experimental and theoretical results of the last few
years. In addition, quantum physics and special relativity
are introduced in some of the early chapters in short sec-
tions that can be covered quickly. These early sections
lay some of the groundwork for the ‘‘modern physics™’
topics that appear later in the extended version of the text
and add an element of suspense about the subject.

New Pedagogy

In the interest of addressing the needs of science and engi-
neering students, we have added a number of new peda-
gogical features intended to help students forge a bridge
between concepts and reasoning and to marry theory with
practice. These new features are designed to help students
test their understanding of the material. They were also
developed to help students prepare to apply the informa-
tion to exam questions and real-world scenarios.
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* To provide opportunities for students to check their un-
derstanding of the physics concepts they have just read,
we have placed Checkpoint questions within the chapter
presentations. Nearly 300 Checkpoints have been added
to help guide the student away from common errors and
misconceptions. All of the Checkpoints require decision
making and reasoning on the part of the student (rather
than computations requiring calculators) and focus on
the key points of the physics that students need to under-
stand in order to tackle the exercises and problems at the
end of each chapter. Answers to all of the Checkpoints
are found in the back of the book, sometimes with extra
guidance to the student.

* Continuing our focus on the key points of the physics, we
have included additional Checkpoint-type questions in
the Questions section at the end of each chapter. These
new questions require decision making and reasoning on
the part of the student; they ask the student to organize
the physics concepts rather than just plug numbers into
equations. Answers to the odd-numbered questions are
now provided in the back of the book.

* To encourage the use of computer math packages and
graphing calculators, we have added an Electronic
Computation problem section to the Exercises and
Problems sections of many of the chapters.

These new features are just a few of the pedagogical ele-
ments available to enhance the student’s study of physics.
A number of tried-and-true features of the previous edition
have been retained and refined in the fifth edition, as de-
scribed below.

CHAPTER FEATURES

The pedagogical elements that have been retained from
previous editions have been carefully planned and crafted
to motivate students and guide their reasoning process.

* Puzzlers Each chapter opens with an intriguing photo-
graph and a “‘puzzler’’ that is designed to motivate the
student to read the chapter. The answer to each puzzler is
provided within the chapter, but it is not identified as
such to ensure that the student reads the entire chapter.

* Sample Problems Throughout each chapter, sample
problems provide a bridge from the concepts of the
chapter to the exercises and problems at the end of the
chapter. Many of the nearly 400 sample problems fea-
tured in the text have been replaced with new ones that
more sharply focus on the common difficulties students
experience in solving the exercises and problems. We
have been especially mindful of the mathematical diffi-
culties students face. The sample problems also provide

an opportunity for the student to see how a physicist
thinks through a problem.

Problem Solving Tactics To help further bridge con-
cepts and applications and to add focus to the key physics
concepts, we have refined and expanded the number of
problem solving tactics that are placed within the chap-
ters, particularly in the earlier chapters. These tactics
provide guidance to the students about how to organize
the physics concepts, how to tackle mathematical re-
quirements in the exercises and problems, and how to
prepare for exams.

lllustrations Because the illustrations in a physics text-
book are so important to an understanding of the con-
cepts, we have altered nearly 30 percent of the illustra-
tions to improve their clarity. We have also removed
some of the less effective illustrations and added many
new ones.

.

Review & Summary A review and summary section is
found at the end of each chapter, providing a quick re-
view of the key definitions and physics concepts without
being a replacement for reading the chapter.

Questions  Approximately 700 thought-provoking
questions emphasizing the conceptual aspects of physics
appear at the ends of the chapters. Many of these ques-
tions relate back to the checkpoints found throughout the
chapters, requiring decision making and reasoning on the
part of the student. Answers to the odd-numbered ques-
tions are provided in the back of the book.

Exercises & Problems There are approximately 3400
end-of-chapter exercises and problems in the text,
arranged in order of difficulty, starting with the exercises
(Iabeled *‘E’), followed by the problems (labeled “P).
Particularly challenging problems are identified with an
asterisk (*). Those exercises and problems that have been
retained from previous editions have been edited for
greater clarity; many have been replaced. Answers to the
odd-numbered exercises and problems are provided in
the back of the book.

VERSIONS OF THE TEXT

The fifth edition of Fundamentals of Physics is available in
a number of different versions, to accommodate the indi-
vidual needs of instructors and students alike. The Regular
Edition consists of Chapters 1 through 38 (ISBN 0-471-
10558-9). The Extended Edition contains seven additional
chapters on quantum physics and cosmology (Chapters 1-
45) (ISBN 0-471-10559-7). Both editions are available as
single, hardcover books, or in the alternative versions
listed on page ix:

e ey g e e



* Volume |—Chapters 1-21 (Mechanics/Thermody-

namics), cloth, 0-471-15662-0

* Volume 2—Chapters 22-45 (E&M and Modern Phys-

ics), cloth, 0-471-15663-9
» Part 1 —Chapters 1-12, paperback, 0-471-14561-0
* Part 2—Chapters 13-21, paperback, 0-471-14854-7
* Part 3—Chapters 22-33, paperback, 0-471-14855-5
* Part 4— Chapters 3438, paperback, 0-471-14856-3
* Part 5—Chapters 39-45, paperback, 0-471-15719-8

The Extended edition of the text is also available on
CD ROM.

SUPPLEMENTS

The fifth edition of Fundamentals of Physics is supple-
mented by a comprehensive ancillary package carefully
developed to help teachers teach and students learn.

Instructor’s Supplements

Instructor’s Manual by J. RICHARD CHRISTMAN,
U.S. Coast Guard Academy. This manual contains lec-
ture notes outlining the most important topics of each
chapter, as well as demonstration experiments, and labo-
ratory and computer exercises; film and video sources
are also included. Separate sections contain articles that
have appeared recently in the American Journal of Phys-
ics and The Physics Teacher.

Instructor’s Solutions Manual by JERRY J. SHI, Pasa-
dena City College. This manual provides worked-out so-
lutions for all the exercises and problems found at the
end of each chapter within the text. This supplement is
available only to instructors.

Solutions Disk. An electronic version of the Instructor’s
Solutions Manual, for instructors only, available in TeX
for Macintosh and Windows™.

Test Bank by J. RICHARD CHRISTMAN, U.S. Coast
Guard Academy. More than 2200 multiple-choice ques-

tions are included in the Test Bank for Fundamentals of
Physics.
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Computerized Test Bank. IBM and Macintosh versions
of the entire Test Bank are available with full editing
features to help you customize tests.

Animated Illustrations. Approximately 85 text illustra-
tions are animated for enhanced lecture demonstrations.

Transparencies. More than 200 four-color illustrations
from the text are provided in a form suitable for projec-
tion in the classroom.

Student’s Supplements

A Student’s Companion by J. RICHARD CHRIST-
MAN, U.S. Coast Guard Academy. Much more than a
traditional study guide, this student manual is designed to
be used in close conjunction with the text. The Student’s
Companion is divided into four parts, each of which
corresponds to a major section of the text, beginning
with an overview ‘‘chapter.”” These overviews are de-
signed to help students understand how the important
topics are integrated and how the text is organized. For
cach chapter of the text, the corresponding Companion
chapter offers: Basic Concepts, Problem Solving, Notes,
Mathematical Skills, and Computer Projects and Notes.

Solutions Manual by J. RICHARD CHRISTMAN, U.S.
Coast Guard Academy and EDWARD DERRINGH,
Wentworth Institute. This manual provides students with
complete worked-out solutions to 30 percent of the exer-
cises and problems found at the end of each chapter
within the text,

Interactive Learningware by JAMES TANNER,
Georgia Institute of Technology, with the assistance of
GARY LEWIS, Kennesaw State College. This software
contains 200 problems from the end-of-chapter exercises
and problems, presented in an interactive format, pro-
viding detailed feedback for the student. Problems from
Chapter 1 to 21 are included in Part 1, from Chapters 22
to 38 in Part 2. The accompanying workbooks allow the
student to keep a record of the worked-out problems. The
Learningware is available in IBM 3.5” and Macintosh
formats.

CD Physics. The entire Extended Version of the text
(Chapters 1-45) is available on CD ROM, along with
the student solutions manual, study guide, animated il-
lustrations, and Interactive Learningware.
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HOW TO USE THIS BOOK:
You are about to begin what could be one the most exciting course that you will
undertake in college. It offers you the opportunity to learn what makes our world
“tick” and to gain insight into the role physics plays in our everyday lives. This
knowledge will not come without some effort, however, and this book has
been carefully designed and written with an awareness of the kinds of difficulties
and challenges you may face. Therefore, before you begin, we have provided a
visual overview of some of the key features of the book that will aid in your studies.

Chapter Opening
Puzzlers

Each chapter opens with an
intriguing example of physics in In 1977, Kitty O'Neil set a dragster record by reaching 392.54 mi/h
action. By presenting high-interest in a sizzling time of 3.72 s. In 1958, Eli Beeding Jr. rode a rocket sled from a
applications of each chapters

standstill to a speed of 72.5 mi/h in an elapsed time of 0.04 s (less than an eye

: blink). How can we compare these two rides to see which was more exciting (or

concepts, the puzzlers are intended more frightening) —by final speeds, by elapsed times, or by some other quantity?

to peak your interest and motivate y
you to read the chapter.

SAMPLE PROBLEM 2-6

When K 1t (0] (4 et ﬂle (l] a ster recor dS fof ‘he g \
£

a ty N \1 S

( ) reatest

S peed a“d ‘eas‘ elapsed time She (eached 392.54 "\.\“\ mn \“
5 \

tion?
372 s. What was her average accelera

Answers to Puzzlers
All chapter-opening
puzzlers are answered later
in the chapter, either in text
discussion or in a sample
problem.

b . m = atl
£
. ,
SOLL T1( )N Fl()ll\ 2 1 O Nexl S avera (] a(:(:ele] on

was

Av 39254 mi/h — 0
E S wem— = /

At 372s— 0

(Answer)

| Whele ﬂlC “\()“()H 1S take“ to be 1N the 0! dl ection. In |
| 1 p sitive X air
\
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XiV  WALKTHROUGH: STUDENT GUIDE

Ift;]l;ebc:l; CHECKPOINT 1: In the figure, two perpendicular forces
e erifal F, and F, are combined in six different ways. Which
P ways may be used to correctly determine the net for(h
=K Checkpoints
Checkpoints appear throughout
withis K F, F, the text, focusing on the key

cheiera_ points of physics you will need
the stan- to tackle the exercises and prob-
e use) the Fy Fy B lems found at the end of each
been as- (@ ®) © chapter. These checkpoints help
: F. guide you away from common
ictionless - errors and misconceptions.
at by trial
accelera- F

. 1
lefinition,
pdy has a
body by

ey puck in

Checkpoint Questions v=—2i

Checkpoint-type questions at the end

) ponents of
of each chapter ask you to organize ion vector
the physics concepts rather than plug nd and 7 is

; . ~2 and 3?
numbers into equations. Answers to
: tal projec-
the odd-numbered questions are i
. . t identical
provided in the back of the book. r—
nal speeds

()

peed (a) a

4.9j (xis
). Has the

9. Figure 4-25 shows three paths for a kicked football. Ignoring
the effects of air on the flight, rank the paths according to (a) time
of flight, (b) initial vertical velocity component, (c) initial hori-
zontal velocity component, and (d) initial speed. Place the great-
est first in each part.

FIGURE 4-25 Question 9.

10. Figure 4-26 shows the velocity and acceleration of a particle
at a particular instant in three situations. In which situation, and at
that instant, is (a) the speed increasing, (b) the speed decreasing,
(c) the speed not changing, (d) v-a positive, (e) v-a negative, and
(fyv-a=0?

1) (2 3)
FIGURE 4-26 Question 10.
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xJ

d the
S Th.is e postion SAMPLE PROBLEM 4-1
— = - ‘ vector for a particle is initially
The sample problems offer e IS S,
you the opportunity to work ation i e,
(see Fig. 4-2). What is the displacement from r; to r,?

thro :
o ugh the physics concepts bject |
st presented. Often bui Fi SOLUTION:
v n built  Fig. ‘ — N: Recall from Chapter 3 that we add
n nd real-world applications ; tVCC[OrS in unit-vector notation by co b-a {5 SIlbESt)
t ; , ents, axis by axi mbining the -
wﬁlaf closely coordinated | e o SoEn A iloons
r = (9i .
Questt' e eng-of-chapter long | (1921 + 2j + 8k) — (—3i + 2j + 5k)
ions, Exercises, and i - ik
) ct1 [ -
Problems. L T; ;l"hc displacement vector is parallel to th (Answer)
J acks any y component, a ot | f) the xz plar}e, because it
numerical result than in Fig. 4-2 s easier 10 pick out in the
Y

PROBLEM SOLVING TACTICS

1: Reading Force Problems

atement several times until you have 2
of what the situation is, what data are
quested. In Sample Problem 5-1, for ex-
- <‘Someone is pushing a sled.

TACTIC
Read the problem st
good mental picture
given, and what is 1€

ample, you should tell yourself
Its speed changes. so acceleration is involved. The motion is
line. A force is given in on€ part and asked for Problem SOlVing Tactics
nd Careful attention has been paid to

along a strai ght
oks like Newton’s se€O

in the other, an

help.mg you develop your problem-
solving skills. Problem-solving tacti
are closely related to the sample "
p}:oblems and can be found throughout
; e text, though mpst fall within the
irst half. The tactics are designed to
help you work through assigned
homework problems and prepare for
exams: Collectively, they represent th
stock in trade of experienced proble :
solv.ers and practicing scientists and "
engineers.

d so the situation 10

law applied t0 one-dimensional motion.’
1f you know what the problem is about but don’t know
d reread the text. 1f

what to do next. put the problem aside an
at section.

u are hazy about Newton’s second law, reread thi
blems. The one—dimensional—motion

Study the sample Ppro
parts of Sample Problem 5-1 and the constant acceleration

should send YO jally to Table 2-1,

1 back to Chapter
which displays all u are likely 0 need.

the equations YO

pes of Figures
One is a rough sketch of the actual

you draw the forces on it place the
orce vector either on the boundary of or within the

body feeling that force. The other figure is @ free-body dia-
gram in which the forces on 2 single body are drawn, with the
body represemed with a dot or 2 sketch. Place the tail of each

force vector on the dot or sketch.

TACTIC 2: Draw Two Ty
You may need tWoO figures.

real-world situation. ‘When

em?

TACTIC 3:

‘ 1€ von are
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Review and Summary
Review & Summary sections
at the end of each chapter
review the most important
concepts and equations.

REVIEW & SUMMARY

Conservative Forces

A force is a conservative force if the net work it does on a
particle moving along a closed path from an initial point and then
back to that point is zero. Or, equivalently, it is conservative if its
work on a particle moving between two points does not depend
on the path taken by the particle. The gravitational force (weight)
and the spring force are conservative forces; the kinetic frictional
force is a nonconservative force.

Potential Energy

A potential energy is energy that is associated with the configu-
ration of a system in which a conservative force acts. When the
conservative force does work W on a particle within the system,
the change AU in the potential energy of the system is

AU = —W. (8-1)

If the particle moves from point x; to point x,, the change in the
potential energy of the system is

AU= - f 7 Fx) dx. 8-6)

Gravitational Potential Energy

The potential energy associated with a system consisting of the
Earth and a nearby particle is the gravitational potential energy.
If the particle moves from height y; to height s, the change in the

gravitational potential energy of the particle—Earth system is
AU = mg(y; — y) = mg Ay. 8-7)

If the reference position of the particle is set as y; = 0 and the
corresponding gravitational potential energy of the system is set

in which the subscripts refer to different instants during an|
transfer process. This conservation can also be written as|

AE=AK+ AU = 0.

Potential Energy Curves
If we know the potential energy function U(x) for a sy|
which a force F acts on a particle, we can find the force

dU(x)

=k

If U(x) is given on a graph, then at any value of x, the fof
the negative of the slope of the curve there and the kinetic
of the particle is given by

F(x) = —

K(x) = E — U(x),

where E is the mechanical energy of the system. A turnin|
is a point x where the particle reverses its motion (there, 1
The particle is in equilibrium at points where the slopq
U(x) curve is zero (there, F(x) = 0).

Work by Nonconservative Forces
If a nonconservative applied force F does work on particld
part of a system having a potential energy, then the woi
done on the system by F is equal to the change AE in the nf

ical energy of the system:
Wap = AK + AU = AE. (8-24

If a kinetic frictional force f, does work on an obj
change AE in the total mechanical energy of the object 4

system containing it is given by

AE = —f.d,

as U; = 0, then the gravitational potential energy U when the
particle is at any position y is

U = mgy. (8-9)

in which d is the displacement of the object during the wo

y
| 16.7x 10" kg

x

L 6.00 x 10°m/s
Original
nucleus

g
oblem 56.

FIGURE 10-44

Exercises and Problems
A hallmark of this text, nearly 3400
end-of-chapter exercises and problems

are arranged in order of difficulty,
starting with the exercises (labeled “E™),
followed by the problems (labeled “P”).
Particularly difficult problems are
identified with an asterisk (*). Answers

to all the odd-numbered exercises

and problems are provided in the back

of the book. New electronic computation
problems, which require the use of math
packages and graphing calculators, have
been added to many of the chapters.

S7P. Two 22.7 kg ice sleds are placed a short distance apart, one
directly behind the other, as shown in Fig. 10-45. A 3.63 kg cat,
standing on one sled, jumps across to the other and immediately
back to the first. Both jumps are made at a speed of 3.05 m/s
relative to the ice. Find the final speeds of the two sleds.

€,

FIGURE 10-45 Problem 57.

£1835x107% kg

8.00 x 105m/s

FIGURE 10-46 Exercise 62.

63E. In a game of pool, the cue ball strikes anothe]
atrest. After the collision, the cue ball moves at 3.9
line making an angle of 22.0° with its original dirf
tion, and the second ball has a speed of 2.00 m/s|
angle between the direction of motion of the secon
original direction of motion of the cue ball and (H
speed of the cue ball. (c) Is kinetic energy conserv{

64E. Two vehicles A and B are traveling west and
tively, toward the same intersection, where they co
together. Before the collision, A (total weight 2700
with a speed of 40 mi/h and B (total weight 3600 1f
of 60 mi/h. Find the magnitude and direction of the

(interlocked) vehicles immediately after the collisi
65E. Ina game of billiards, the cue ball is given af
V and strikes the pack of 15 stationary balls. All
engage in nume and ball —cushion col

S8P. The bumper of a 1200 kg car is designed so that it can just
absorb all the energy when the car runs head-on into a solid wall
at 5.00 km/h. The car is involved in a collision in which it runs at
70.0 km/h into the rear of a 900 kg car moving at 60.0 km/h in
the same direction. The 900 kg car is accelerated to 70.0 km/h as
aresult of the collision. (a) What is the speed of the 1200 kg car
immediately after impact? (b) What is the ratio of the kinetic
energy absorbed in the collision to that which can be absorbed by
the bumper of the 1200 kg car?

59P.

ailmgad freight car weighing 32 tons and traveling at 5.0
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