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OVERVIEW
SEL¥.PACED PHYSICS COURSE

The Self-Paved Physics Course 18 a two-semester course ip calouius-
orierted, college-level physics, developed by the Hew York Instisute
of Technology “or he U.5. Naval Academy with funds provided by the
U.8. Office of Biucetion. Outstanding festures of the couras ine
clude the imaginative uge of a variety of medis and materials and
the extensive use of branching ang self-pacing to individualize

instruction.

COURSE DESCRIPTION

The Self-Paced Physies Course is designed to teasch introductory
eollege physies to sophomore students of science and engineering.
Among the toples covered in the course are mechanics, wave phenom-
ena, ewlegciricity, magnetism, and optics~.in short, most of the
toples thet would de found in any introductory course ih classical
physics. ' ‘

Fach student's path through the physilts cowrse ig determined by his
achiesvement of & set of maagsurable behavieral objectives {MBO's)
that have been designed for the course. There are over a thousand
MBO's in two categories: T0's or terminal objeetives, which des-
oribe the gesired final student behavior, snd ECG's, or enabling
oblectives, which &re steps toward the termingl behavior desired.
Brenching for remediation or seceleration is built into the course,
s that the instruction received by any student fits his needg as
precisely ss possible. Further individumlization is provided by
the seif-pacing characteristic of the course. Each student cap move
tarough the material at his own psce, going on to the next topic
when he {ig resdy. Often he can choose the medium in which he wants

to study. For example, the same topic may be covered by & video-
tape, an illustrated iext, and & "talking book" {which consists of
& tape cassette snd a booklet containing the disgrams referred 1o
in the tape). The student csn use the mode of instruction that is

mast comforfable or most successful for him.

FORMAT
The Self-Paced Physies Course is divided into seventy-two Segments.
For each Segment there iz a reading assignment in ope of the standard
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textbooks; additional reedings are assigned as options. All the
practice and exercise materials are contaiped in a series of
Problems and Solutions bocks, with three or more Segments to 2
book. Each Segment contains Informetion Panels, giving detalled
infermstion gbout the problems the student will ehcounter in that
Segment. For each Segment thers is 2 Study Guide whieh contsins
the branchlig steps that determine the student’s path through the
course material and gives detailed instructions on how to progress
through the Segment. In sdditicn, the student is freguently di.
rected by the Study Guide to work with amdiovisuals such as vigeow
tepes, talking books, or illustrated texts. Remedial problems

are provided to supplemant the sevenfy-two Czgments of the standard

COUrse.

Two kipnds of informal dliagnostie tests are used in the course. One
is called & Progress Check, and {5 administered after & specific
number Of segments, Frogress Checks are used for dlagunosis, evalu-
ation, and tutorial agsistence, The okher informal test is called
8 Periodic Diaghostic. Phis test form i used to disgnose possible
weak areas in the student’s work and to prescribe remedial work if
necessary,

Formal midterm and final examinstions are used to msasure mestery
of the course material aend to determine the student'’s grade.

MATERIALE

The Self~Paced Physics Course utilizes & veriety of instructiopal
materials, ineluding f1lustreted texts, standard textbooks. talking
books, Study Guides, snd Mapuals. The Study Guides are preparsd to
permit the use of latept-image pens. The latent-lmege pen is a
device designed to provide immediate feedback to students studying
independently. To mark his angwer, the student rubs the pen over
the response box he has chosen. If his answer is pight, 8 check

mark (¥} appears in tne box. I it is wrong, an "X" appesrs.

Eranching instructions are alsc revesled by the lastent-imsge pen,
in accordance with the student's Progress. The provision of
immediate feedbmok without the intervention of the instruetor
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greatly increases the potential for individuelizing instruction.
A liot of the meterials gysed in the course is presented below.

18 Problems and Solutione books, conteining
Segments 1-72 of the course

72 Study Guides (latent-image printed) for
Segments 172

25 widectapes

2% talking books, conslisting o 25 tape
cassettes snd 25 booklets of diasgrams

2% illustrated texts
12 quarterly dingnostle tests
remedial problens
tudent Manusl
Instructor's Manuels (2) for Course and Lab

3 laboratory Manuals, conteining pab
Sessions 1~3i5

& volume of Problems gnd Solutions designed for surichment of the

standard course ig also available.

The Self-Paced Physios fourse hae been used for three years at the

U.5, Navel Academy, and has gone through an extensive trisl-snd-

revision process. '

Reprinted in its entirety from Publlshers Alert Service, No. T2-03.
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STUDENT MANUAL

1. DESCRIPTION OF THE COURSE

The self-paced physics course differs From conventional courses in
a pumber of ways. It is largely student-mansged programmed Lestruction.
Most of your learning will bs devived from reading carefully selected
passages in eXxcellent textbooks, simplified writeen discussions of the
highlipghts of the various subject areas, aud the use of audiovisual
aids in the form of video tapes, ''talking books”, and brief, meaty
iliustrated pamphlets called Illustrsted Texts, An instructor will he
availahle for tutorial assistance a8 well as diagnosis of Your progress.

The format of the course permits you to monitov your pe~formance
and achievement by means of instant feedback from the visual refponse
mechanism to be described-later.

In addition to self-paced thearetical instruction, you will also
spend an adequate amount of cime in che physics laboratery and attend
a demonstration~lecture periodically.

You will always know in advance when a check quiz or an evaluation
test is to be given, A8 a matter of fact, you will determine for your-
salf when progress checks will be admiristéred to you. In addirvion ¢o
ather Pericdic tests, a standard midterm and finsl examinarion will be
used to evaluate your achiszvement.

2, COURSE STRUCTURE

Asdtgnad reading ~ From standard textbooks, coded ag follows:

HI mears Halliday and Resnick., PHYSICS FOR STUDEMYS OF
SUIENCE ARD ENGINEERING, fifth edition, combined form;

57 means Sears and Zemanskys UNIVERSITY PHYSICS, thi.d
edition, complete;

AB means Albert Baez, THE REW COLLEGE PHYSICS ~ A SPIRAL
APPROACH, first priating;

SW weans Shertley and Williame, ELEMENTS OF PHYSICS, fourth
edicion.

The required or prime reading assigument for each Segment of the
course will be ideniified by one or more asterisks before the chapter
numbers. The remsining reading is to be considered supplemsptary. A
typical reading sssignment and its interpretation will be presgnted ag
& sample later in this Manual.
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For maximum effectiveness, 311 4asigned reading should be completad
before you begin work on the programmed instruction. This first read-
ing need not be exhaustive because it {s antigipatad that you will return
to certain sections of it time and time again as you work through che
Segment.

Infoymation Pawels ~ Ay.le frem Your textbook reading, much of

yout factual and procedural information will come frem Information Panels
presented in the PROBLEMS AND SOLUTIONS bocklet for each Segment. These

panels gre concise discussions ralating to the priaciples and methods of

solution involved {n the sccompanying problems. If you should find that

you do mot Fully undetstdand the materisl fin the panel for a given section
of your warks wou would be eXpected to rerurn to the textbook assignment

for clarificativm.

Audicviauale ~ These are important adjuncts to your reading and
problem solving. When you are directed to work with a specified audiop-
visual, you wiil wsuslly be given the option of selecting one of three
media of presentation.

Video tape: a dotmenstration accompanied by & discussion that
you vieWw on the screen of 2 gmall video tape playback;

Talking Book: @& set of carefully constyutied pictures and
diagrams accompanied by an audic tape lectura:

11lustrated Text: & set of pictures similar to those used for
the Talking Book accompanied by a formal written discussion matched page
by page toc the {ilustrations. .

Progregs Cheske = groups of relevant questions which you musr answer
after complering a specified pumber of Segments, usually three in 2
sequence. These checks will be used For dilaguoaiz, Progress evaluation,
and tutorial agsistunce should the Jatter be needed.

Periodic Diagnogtics —~ special test forms administered poriodically
to assist your instructor in diagnosing possible weak areas in your
learning pattern, and to enable him to prescribe remedial work where
requived. The Periodic Diagnoatics will also e used to evaluate Your
achievemant -

Midterm and Final Exominationg ~ standard examinations which pro—
vide information relative to your finsl grade.

Enrichment Packdges ~ for those students whose Frogress warrants
additicnal, higher level material; to be 8 student optionm.
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3. TRIKTED LEARNING MATERIALS

PROBLEMS AND SOLUTIONS. (Hereafter refetred to as the PLS.) This
is bound study material contalning the work for three or pore Segments
in a volumeé. The entire course consigts of 45 Sepments for the semester.
The P&S material in a given volume will contain blue title sheets be—
tween Sepments to help You Find the one you want quickly. Each P&S
eontalng!

{a) A problem sectfon in whith the guestions and tumerfcal prob-
T=ms are presented in strict numerical order, te he wotrked on in se-
quence.

{b) A solutfon section inm which the corr. t methods of answering
questions and solving problems ate presénted in scrambled ovder. Many
of these sclutiong are terminated by additional “true~False™ questions to
he apsweted immediately after you study the ipdivideal solutions.

€2} Information Panels strategically intergpersed throughout the
problem sestion.

BTUDY GUIRE. This is just what its name implies: a written
guide that you must fellow step~by-step, strictly in the order presented,
to work your way through the problems, information panals, sudioviauvals,
reading, solutions, and other check polnts, The remainder of this
Manual will be devoted to an explanation of Lthe way 1in whiech all thesge
aspects of your learnming are related,

4. HOW TO USE THE SIUDY GUIBE

Please refer to the sample study guide which is the last page of
this booklet. It ir a partial mock-up of a Segment that doesn't
really exist, and will be used for explanation purposes only. 1If you
are to upderstand how the sy=tem works, 1f you are to avoid biunders
when vou sgsrt work on yYour first actual Segmert, you must waik through
the following explanatioR without missing 2 step. Take y~ur time; be
absolutely certagn You understand each wmaneuver perfectiy. If You need
help in interpretation, agk for jir.

Before you begin work on any Segment, ascertain that vou have the
correct STUDY GUIDE by checking the number near ¢he upper right-~hand
corner, then complete the heading on sach STUDY GUIDE sheet.

Anothrv preliminary steps lock at the bottom of the STUDY GUIDE
gheet and Lote the number of pages you should have in your hand. Few
STUDY SUIDES contain more than two pages. De sure you have what you
need before you start work.
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The letter P above the lefr column means "Problem Number': the
STEPS are also numbered to indicate the sequence of things you mast do
othér thauw problem solving.

All right. Let's go through the sample.

Step 0.1 The reading assignment for rhe Segment. The requived
reading is in Halliday and Resnick, paragraphs 49-3
through 49-6 and paragraph 49~9. The slash-har (/)
2lwaye mesns from ome paragraph through the other, in-
clusfve. The supplementary reading is in Sears and
Zemansky, paragraphs 45-6, 45-7, and 43-11. This read-
ing should be gone through at least cnee before continn-
ing.

When you have finished your reading, rurn to the first
page in the F&S for this Segment. Read the Informdtion
Panel, be sure you understand it fully, then contloue.

This is cthe first problem in the P&S. Note the overscore
and underscore lines. These indicate that the problem

is a core type, vequired of all students in the course.
You will find this problem boxed for the same reason in
tha P&5. The problem you find in the P&S as nuwber 1

is:

How many gallons of regular gasoline cowld you have
purchased with 2 llartian zilches in Septimus, Ohilo
in the vear 1960 and still have some change left over?

A. 1
B. 2
C. 3
B. 4%

Now obviously, to $0lve this problem you would have to
know the price of gasoline per gallion in U.S. currency
and also the equivalent buving dower of a Martian zilch.
Presumably, your reading and the Iafurmaticn Panel com-
tains this information but let us suppose that you
didu't do any of the reading and sc dida't know the
answer. So-~you're about to make a wild guess, let's
say, answer A. At this point you rub the “"reveal”
e¢rayon provided all over the inside of box A for the
first guestion. As you do o, you will see an X
appear, showing that the selection was incorrect. Bo
it now] reveal ihe X in box A with your crayon. {Best
results are obtalned by rubbing the erayon lightly over
the surfgce, then waiting s few moments for the re-
vealed information to darken.)




Let's go down to

Step 1.1

Making gnother stab at it, You choose answer B and yse
the crayon, bringing out another X. Trylng €, You find
that the crayon raevaeals the charactera 29{a]. Thia
tells You to turn to page 29, item [a] In the P&S where
you will find the full explanation of the method used
to solve the problem. For this cora question, you will
also find a very short true-false question Ilmmediately
after the correct solution. This question reads as
follows:

A Martian zilch 45 the equivalent of three y.§5.
nickels. True or False?

You must now use the veveal crayon on either the T-box
or the F-box for question 1.

If you make the cofrect true~false selection, a ¥ will
appear In the box. If you choose incorrectly, an X will
appear in the box. The true-false questions are usually
80 simple that you will be permitted few, 1f any, errovs
»n thia part of the work. Cetting one of these T~F’s
wrong is a pretty sure indication that ydu are not read-
ing the sclutlons. Yeu must aveld this.

the next step.

You are now belng given an option. If vour first choice
was correct. you will be permitted ygo gkip over the next
four Questions and advance to the next Information Panel.
1f you answered incorrectly, even onceé, you muyst go
through the remedial loop comsisting of questions 2
through 5.

We are assuming that you missed uestion 1, so let's
go through this loop together.

Problew 2 in the P&S. It £3 not scored, hence 1t 1is
not a4 core problem. It reaads as follows:

It is predicted that s gallon of regular gasoline
will sell for $1.05 by the year 1998, TIf this is
roughly 3-1/2 times the Price of gasoline in 1960,
how much did one gallon cost in 19607

This i8 not multiple~choice. It's a completion type of
question wherea you must write in the answer. B850, write
your angwer on the line below the rectangle for question
2. The answer 18, of course, 30¢ because 31.05 is 3-1/2




STUDENT MANBEAL

times 30¢. After wricing it in, reveal the answer in
the rectangle with the crayon; the answer 30¢ will
appear accompanied uy the referral page and iftem, l4fc].
Turning to the referral, you find the solution worked
out for you to chack your own thinkimg. Probiems that
are not core types gre not accompanied by true—false
check guestions, so you're ready to go to question 3.

Let's intarrupt tha sequence for a moment. Even if

you were able to answer the original core questicn
corractly the first time, gou should go through the
remedial loop anyway L{f you have any Joubt at all

about the method of solution or the answer. You may
have guesged al the right gnswer, or you may have made
two errors that canceled cut, In any case, if you feel
that your choice of the right answer was a fluke in any
way, we urge you to go through the remedial loop.

Problem 3 in the P&S; it is not 3 core problem. Here
it is:

Ten Martian zilches will buy gxactly cthe same number
of 2-1/2 inch Macintosh apples in a given market on
a8 given day as two V.8, dollars. Thus, one zllch ig
the equivalent of T

A. 10¢
B. 20¢
€. 4&40¢
b. 60

A glance st the STURY GUIDE corroborates the fact thac
this 15 another multiple-choice questlion. Apparently

10 zilches is the equivaleat of $2.00, s one gilch

mugt be werth 20¢. This is answer B, so if you use the
reveal crayon in box B you will bring out the instruction
18[b} indicating that page 18, item {h] in the P&S has
the solution. Whether you were Tight or wrong i1 your
selections. it is Important that you tesd and understand
the golution. Tf you had chosen any answer other than
B, you would have revealed an X as before, There is no
true-false question, hance you can now go pn to question
4.

Here is your filrst modified true-false question:

True or false? Five Martiasn zilches will purchase
more milk than 20 U.8. dimes.
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Note the italicized word. Read the statement and {a)
if you decide it is true, simply crayen the T-box on
the STUDY CUIDE; (b) if you feel that ir is false,
write a word Chat can replace more and thereby make

the statement true. After you have written the correc-
tion word on the line under the F recrangle, then, aud
only then, you are to reveal the answet with the crayon,
In this particular instance, the correct answver is
“false' and you would write in the word “less" in place
of more. Your reveal crayon will brirg this out, too.
1f you had selected "true" as your answer, the crayon
wolld have revealed anm I inside the T-box. 30, after
writing "less” vou would see revealed: "less (21[d]).
At this point in an actual lesson, yout would turn to
this page and item in the P&5 and read it cavefully be-
fore contiaguing the sequence.

Continving with the recedial loop:
Another multiple choice question:

In order to have filled your 1l8-gallon rank with
gasoline in 1960 in Septimus, Ohio, you would have
spent at least

A, 15 zilches
B. 21 gzilches
C. 23 zilches
D. 27 zilches

The corvect answer iz, of course, 27 zilches since each
zilch is worth 20¢ and each Rallen costs 30¢, so0 you
would reveal box D and fiond fnside the instruction
"27fb)."  After reading the solution, You agala encounter
a check T~F question which is then answered as before by
revezling ejther the T or F box in question 5, Any
answer other than I above would have revealed an X just
as described for the previous multiple-cheice question.

Evervone is now expected to devote some time to the
Information Panel, "The Currency of Vemus™ and then

select the nedium he wants for running through the acdie~
visual, COINAGE AND BILLS OF THE INNER PLANETS.

After that is finished, sveryone starts once again on an
aqual footing with the core question 6,

And so forth.
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p | sterl name [| » {sree|secvon SEGMENY 60

0.1 | Reading: HBR®49~3/49-6;%49-9
SZ 43-6, 45-7; 45~11
Note: Ip this sample "wal
Information Panel, "“The Currency :hroughﬁ we hazepnat :z‘k
of Mars cluded the Information
A B o Panels nor any set-up P & §,
The problems that would ner-
mally appear in the P & §
are given {n the Student
Haneal for explanation pur-
If your first choice was correct, poses. ? g’
advance to 5.1; 1if not, continue
sequence,

ANTY 5O FORTH

Information Panel, "The Currency
of Yenus"

Audiovisual, COINAGE AND SYLLS
OF THE INNER PLANETS T ¥

{ans)

If your answer was correct, ad-
vance to 9.1; if not, continue
with sequence.







PREFACE

This manual was prepared as & reference and guide for Instructors

of the Naval Academy Self- Paced Physics Course. Additional orientation
is provided by the Course Manager. .
Contained herein are;
1. Notes to the Instructor,

Z, A description of the Management Sequence, and

3. A ﬂu\:{‘chart which reflects a general overview of

the operational functions of the course.
It is suggested that the Instructor familiarize himself with the course
materials and the following student "hand.-ocuts”.

Course Policy

The Student Manual

The Self-Paced Laboratory




NOTES TO THE INSTRUCTOR OF
SELF.PACED PHYSICS

1. Introduction

The methods and opera:ion of the self.paced physics course may seem
strange 1o new instructors as well ap to the studenta. This information
- is presented to assist the instructor o developing his individusl class

policies, Jt is preswmed you are familiar with the Student Manual and

Course Policy Statement.

2. Objective

The objective of the vourse iz to enable each midshipman to complets the
tasks defined by the Terminal Objectives (T'Os}). I you have not done s0
previously, you should read the TOs, as they constitute the most accurate
definition of course content. Because of the way the Problem /Sclution
books have been constructed, successful completion of all the core guestions
si_xould cover all the TOg. Since the core questions were also designed to
provide a path for fast students, they are frequently complex problesns

that combine elements of several TOs, Due to the limited time available
*

for testing, the body of TOs is sampled randomly déi-ing Progress Chacks

and Diagnostic Tests.
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3. Class Atmosphere

There are few constraints on how you use class time to move the
atudents through the material. If your class size permits, you are en-I
couraged to yse Room 203 as your regular classroom. Initially, a
certain atount of encouragement may be neaded to staer the midshipmen
to the various media. You should try 25 many of the media as time
permits yourself go You can recommend a particular Audiovieual if a
n.idrhipman is having trouble in &2 specific arvea. You may wish to add
additional demenstrations or conduct amall topical lectures wccasionally.

Comprehensive reviews prior to Diagnostic Tests are frequently given,

3. Student Progress

One of the by products of the course organization i the early identifica-
tion of potential failures, before they reach the Diagnostic Checks., Tbis
early identification can be done most effectively by careful screening of
study guide responses and progress check responses. The individual
presacription for assistance iy in your hands, but the early identification
of these individuals and the variety of materials available should provide

you with considerable flexibility,
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5. Areas of Concern

‘8. Mininsum Lecture. You, as well as some of your midship-

men, may feel uncomfortable, initially, because you are not conducting
lectures during most of the class time. Experience bas shown that most
students adapt readily to the self_paced class routine wifiﬂn four to six
weéekse You :ﬁay choose to lecture frequently; however, you will probably
have little time left to grade progress checks or counsel alow students,
except in Ef (Extra.Instruction) Sessions. Another by-product of the
coursae organization is to move a substantial amount of student counsel.

ing and remedial work into the classroom.

b, Student Profress. Because of the great amount of material

covered by the course, you will soon find students dropping well behind
the average {or, from your view, a desirable} class progress. Your
guccess in keeping the clasg moving will be limited only by your
imagination. One reason for the apparently slow class Progress may be
confusion between & very weak physics student and a good student who
chooaes to "pace” himself to the speed of glower clasamates. Careful
gcreening of study guide and progreas check responses can usuvally

separate the two.




The Management Sequence

1. Each studant is issued one prime textbook; at least two other
supplementary texts are at all times available in physics or in the
library.

2, Each student is issued 2 Student Manual intended to supply
the student with a1l the procedural information required.

3, Course work begins with the issuance of Segient 1 of
Problems and Solutions and the Study Guide for the same Segment. The
Study Guide is a latent imaée type on which sequencing information is
revealed by means of a special erayon,

4. The Study Guide features are:

{a}) A reading sssignment indicating prime reading and

supplementary reading, both clearly identified,

{») Ceore probleme identified by score lines over and

under the problem number.

fc} Remedial loop problems {"enabling problems"),
The instructions for short.circuiting the locps, or following them, are
contained in the Study Guide for each individual set,

(d} Titles and directions for Information Panels con-

tained in the Problems and Solutions.




{(e) Titles and directions for Audiovisuals. These are
available in three formats:
Video tapes;
Talking Books;

Mlustrated Texts

{f} Homework assignment, generaily in the form of

additional Problemas in the prime text.

5. The Problems and Solutions features are:
{8) Bection 1: Problems and diagrams in numer.cal

seguence,

{b} Core problems identified by enclesing each one in a

(e} Information Panels Preceding core Eroups.

{d) Scrambled pProblem golutions: directions for reaching

solution is revealed only in the Study Culde when correct answer 18 chosen.
{e} Xach solution for core and core.primed questions is
followed by a true.false question whose answer is derivable frem the golution
to w.hich it pertains. These TF's are answered in special boxed sections of
the Study Guide. NOTE: KEach core problem which is answered ineorrect.

ly requires that the student follow the remedial or enabling loop which




always conclwies with another problem having the same conceptual
basis as the core problem initially missed. Such problems are called
Heor :.primed. "

{f) The scrambling process used for the solutions is
extremely difficult to compromise. The time reguired to short. circuit

the response patiern is expected to be too great to make it worthwhile.

6. The Progress Check. 7This is a form of test which follows

2 unit of work, usvally three successive Segments. The Progress Check
is graded by the teacher. The performance of the student is evaluated

and ke is then guided into ene of the channels indicated below, To be
eligible for the Progress Check, the student must submit to hi: nstructor .

all of the relevant revealed Study Guides for that unit.

{a) Using a predetermined cut-cff grade, the student is
given the “go'’ signal if hig performance is above this level. He {5 also
given 2 set of remedial suggestions in tha form of reading, programmed
material, films, etc.

{b) ¥ his performance falls below the cut.off, he is given
a ‘'stop” signal with remedials, zfter which he re-takes & Progress Check.
Questions on these checks will be randomized so that no two students ever

take exactly the same examination, nor does the same student take the




same check on thé second round.
{c) K his performante fgiis below cut-off on'the retake,
he will be given individual tutorial assistance and required to take a

third test. Disposition of the studeat after the third failure wik left

to the chairman of the physics committee at the Academy.

7. Quarterly Diagnostic Tests. These tests will be careflly
generated to test for recognitivn and recall, understanding of concept,
ability to recognize concepts which appear in problems, and ability to
solve problems. These tests will all be of the multiple choice variety,
with @ response mechanism suitable for computer grading. One of the
quarterly diagnostics wilt replace the mid.term examination and the last
of themn will be administercd about one week before the atandard final

examination,

8. At the end of each quarter the insiructor will submit a
diagnosis and recommendations based upon study guide responses,
performance on Progress Checks, and quarter diagnostics. Possibie
recommendations include continuation of sequence, repetition af specific
segments, further use of ather program texts, additional tutarials, snd

dropping out.
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SECMERT 6

INFORMATLION I'ANEL The Vocabulary of Circular Morica

OUJECTIVE

To define ond interrclate some of the basic terms used o discussing
circular mation.

As soon as yeu start this segment, You hecome Iinvolved with a few words
and phrases thst arc worth a brief discussion.

BEVOLUTLONS PER MINUTE (rev/min} and REVOLUTIONS PER SECOND {rev/sec).

A particle completes a sgingle revolution in 2 cirele when i moves from
any arbitrary starting point, around the circle, and back to the samo
poiot ready to start a second identical circular sweep., If it completes
5 such revelutrions in onc minute, it §8 sSaid to have a FREQUENCY of 5
revimin, I the frequeney of a given particle in circular motion is

120 rovimin, it may also heo oxpressed as 2 rev/sec.

TANGENTTAL VELOCITY {v). This is a vector quantity which expresses the
instantancous specd of the Particle in a direction tangent to the cirele
in whticle it moves. If the particle’s speed is constant, then the magni-
tude of the tangential velocity is constant but its direction is always
chinoping. The tangential velocity vecter is always perpendicular o

the radfus of ghe circle of rofation.

PERION {T). The period is the time required to complere ome revolution.
I the {requency {f) of the motien is, say, 2 revisec, then the periocd T
is 1/2 see.  Clearly, period and Frequency are ioversely related, one

bheing the reciprocal of the other.

T = 17§ or fe= /T

Poriod may be cxpressed in any convenient unit of time while frequency
is gencrally expressod in rociprocal time wnits.  That is, the fre-
queney of the particle above is 2 sec~!.

ANCULAR VELOCITY {w}. This guantity is wost conveniently expressed in
radians per second {radfscc), and is defined as the angle swept out

by the radius vector of the particle per wnit time. Although angular
velocity is a vector quantity, we will consider only the magnitude of
tiie vector, cxpressed in rad/sce, at this time. Suppose you were
dealing with a particle which has a period of 1 sec, This vould mean
that the radius sweeps out 2V radians in 1 sec, hence the angular
velocity would be 26 radians per secend. If the period were half of
that, that is, 3}/2 scc, the motien would be twice as fast and the

next page




SECHMINT 6

centinued

angular velocity wouid then be 47 radians per second. Thus, period and
angular velocity are related as follows:

ww 2ufT

and since T = 1/f, then:
m=21!f.

. DISTANCE MOVEL i PARTICLE. The instantaneous wvelocity of & particle {n
circular motion {8 related to the angular welocity dy the expression:

L o

where r 1s the radfus. If the particle has a constant gpeed of 25 emfsec
on the circle, then the distance it moves in an interval of time At is:

d = vit
= wrAt.
The distance moved in 10 sec would be 250 cm. Should the angular velecity
be known, the tangential speed v may be readily obtained from the express-
ion {mmediately above. The radius * must, of course, be given, too.
iIn the portion of the work that follows, you will be agked to (1) answer

descriptive questions dealing with the vocabulary presented shove; {2)
‘golve numerical problems involving these terms and phrases.

PROBLEMS

1. The rim of & rotating bicycle wheel has a taugential velocity of
30 m/sec. 1f 0.5 m 4% the radius of the rotating wheel, how many
revolutions per minufe (revimin) would be recorded by a tachometer?

{A tachometer is an instzument wsed tO measure reveolutions per minute.)}

INFORMATION PANEL Characteristics of Uniform Circular Motion

OBJECTIVE

To discuss the gignificance of radial acceleration fon uniform circular
motion.




SECHMENT &

The phrase "uniform eircular motion" describes a special case of
circular motion in which the particle moves with comstant speed,
traversing equal lenEths of arc fo equal times. The magnitude of
the tangentisl velocity 1§ coustant but its direction changes from
Instant to instant,

Students tend to think of acceleration in terms of changing apeed,
relating it to cavs, planes, or ships as they speed up or slow down.
fowever, the definition of accelerstien includes changing direction
as well as changing speed. A particle in unifore circular mot{on iz
accelerating despite the fact that the particla mpves with constant
speed.,

The direction of the acceleration of a particle in uniform circular
motion is radially inward and is called centripetal aceceleration:

ap = vi/r in  w/sec?, ft/sec?, ete.

where ¥ 15 the tangential velocity and r L5 the radius of the cirele.
Centripetal acceleration, like linear acceleration discussed earlier,
is 4 vector guantity.

You are axpected to be able to apply the concept of centripetal zecel-
eration te {1) apswer descriptive questions in which it 13 iavolved:
(2) spolve probilems ip which centripatal acceleration must be considered.

2. A particle moves at constant speed in a circulsr path of radius r.
The particle makes one complete ravolution every second. Caleculate
the acceleration of the particle if r = 0.5 m,

A, 19,8 mfsec
B. 12.6 m/gec?
€. 10.8 m/sec?
D. 1.98 m/sec?

3. Vhen a particle moves in a cireuiar path with constant speed, £t
is accelersting becaese the magnitude gf it welocity is changing.

4, “pnitorm circular motion" refers to:

A. an¥ circular motion

B, circular motion with tengential gocelerstion
€. cireular motion without &ny¥ sccelaration

D, c¢ircular motfon with coastant speed

a
ES
k4
&3
-
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SEGMENT 6

5. Choose the one correct statement below Pertainifig to a pavricle in
uniform slrcular motion.

A. Centripetal accelerstion 1s directed radially outward from
the center of the circle of motion; rhis sccaleracion arises
from the change In direction of tangential velutit}'. but not
from a change in speed.

Centriperal acceleration 1s directsd radially inward toward the
center of the circle of motion; tiis acceleration arises

from the change in direction of tangential velocity, but pot
from a8 change in speed,

Centripetal geceleration 1s divrected radially inward toward
the center of the cirele of motien; this acceleratlon arises
from the change {n girection of tamgentlal veloeiry. and Erom
a change in speed,

Centripetal acceleration is directed radially outward from
the center of the circle of motlon; rthis accaleration arises
from the change in direction of tangential velocity, and from
a change in speed.

6. The magnitude of acceleration for a Particle undergoing uniform
ciyeular motion 18 vi/r, In this expression, r 18 the radius of the
cl¥ele and Vv refers to

A, che megnitude of the tangential velecity of the particle

B. the msenitude pf the outward veloecity of the particle
(radially ourward)

C. the magnitude of the inward velocity of the particle {radfally
invard)

D. the radial speed in the radial direction of the particle

7. A particle of mass m 1s movierg in a horizontal cirele of radius v
and making £ revolutions per gecond. 1E the radius 1s tripled and the
frequency 18 doubled, find the ratio of centripetal accelerations when
the radius Is increasad from v to 3r,

A. 176
B, 1/12
c. 1J3
B, 213
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H. Two blecks are lowersd by a wineh made of Ewo concentric cylinders.
The smaller cylinder has a radius of 0.04 m, apd the larger ecylinder
has a radius of 1 m., If the winch turns at 3 rev/min, what are the
vertical veloctities of bleeck one and ble- % two {vl and v,)?

ANFORMATION FANEL Centripetal Forre

ORJECTIVE

To apply the concept of centripetal force to problen situations in
uniferm clrcular metion,

i‘
!
{
;
i
i
I
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You may find this Jine of reesoning helpful in srriving at the correct
concept of centripetal force:

*1f there 18 no unbalanced force acting on a moving particle,
it will continue to move with constant Speed In a stralght lined

*4 particle 18 uniform circular motion does nab move in 2 straight
line. hence it wust undergo acceleration:

*This accelaration is dirscted radially inward. hence there wmuat
be gn unbalanced force acting radially inward; we czll this force the
centripetal force F..

*The magnitude of the centripetal force 1s given by:

F, = mvi/r

When you label a force as "centripetal”, you sre meraly stating that
it acte jnward toward the center of roration, but this name pives no
information sbout the nature of the force, nor does it tell anything
about the body that 1s responsible for it. A centripetal force is

not 4 new type of foree but 1s o called only because the pame is
descriptive of itsp behavior. For & stone whirled in 3 horizsntal circle
at the end of a string, the centripetal force is an elastic force pro=
vided by the atring; far & satellite revolving around the Earth, the
centripatal force is gravitaticnal attraction: & charged particle
circling within the “dees™ of a tycliotron is subjected ro a maghetic
cantripetal foree; and so on,

The problems you will encounter in this section are largely of the
composite or multdsiep variety in which centripetal force 1 but one
link in the chain of reasening. Before starting to work aut guch
problems, you are urged tp Organize your material in writing as follows:

(1) Make a 1ist of all the "knowns" given in the problem state-
nent in symbolic form. For example, 1f you are pold that
the mass 15 2 kg, the langth 98 chm, and the angle 30° (gee
P 8), write

Given: m= 2 kg
L“gscm.Oogsm
8 = 30°

{2} Write dowm the "unknowns". tha quantity you must ultimately
find, again in symbolic form., In P 8, the unknown is the
period 7T py

Find: v (period)
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(3) Next, write ail the equations that appeat te relate these
guantieies to each sther snd uyse them to help you express
all subsidiary wnknowns in terms of the knowms,

{4} You must finally obrain sn equation ip which enly one uaknown
remains before you can subatitute numbers.

In this section. you are expected to (1) snalyze the relavionships
between quantitles fnvolved in describing centriperal force; (2)
solve problens in which centripetal force 18 the central concepr:

(3) solve problems in which centriperal force is a subsidiary consid-
eration, that is, only one of 3 pumher of contepts which must be
interrelated te golve the problem guccessfull¥.

3. The figure ghows @ mass m = 2 kg revolving in & horizontal circle.
The mass 19 suspended from a steing 98 em In length., The movion of

the string traces out & cone. I¥ the String makes un engle of 307 with
the vertical, how long does 1t take for the mass to make one revolution?




SEGHEST &

10, A bedy of mass m revolves In a plrele of radius v with speed v.
Wiat 15 1he megnitude of the ecentripetal force, f,, acting on the mass?

Ao F. w mvife?
B. F. = peifr
C. F_ = mvfrz
D. ?c = myr

1. A man made satellite orbits the Earth In a circular path of
radius r. The centripetal force and the Force due to gravitational
attractlon acting on the satellite gre )

A. the saue force
B, different furces

12, A boy spins a 2-kg stone im a horizontal c¢ircle st the end of &
string. The string is 2 m long, and has & wezlowm bresking atrength
af 100 nt. What 15 the maxismum Speed the stone may have without
breaking the string?

13. At & carnlval, cars In the "airplane ride" are suspended from a
cable 64 feet long attsched to a vertical pole which rotates at 1
radian pér second. Find the angle 8 that the cable makes with the
horizontal.

»

l4. A copper penny 1s placed 4 inches from thé center of a hi~fi
record. The record plys penny are then placed on a phonograph tura~
table {33 1/3 rev/win) and the switeh is turned on. The coefficlent
of statie and kinetie Friction ara 0.1 and 0.05 respectively. At
what angular veloclty will the penny begin to dlide?




15. A man plans to perform the loop~the-icop with his bicvele at the
county fair <-ze the diagram below). The radlus r is equsal to 1 ft.
¥Yhat is the ninimum speed at which he can safely perform the stuiz’

depends on the man's mags
12.2 ni/hr
20 fefsec
9.6 wifhr




16, A bobsled aspeeds around the curve shown in the flgure below., The

curve has been well fced and can be considered frictionless, The
sled moves in a eircular src of radius = 100 m and banking angle of 30%:

what is {rs speed?

Curve view from the top

30°

Bobsled on bonked curve
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[a] CORRECT ANSWER: FALSE (change magnitude ro direction)

Spead has been defined 23 rhe magnitude of the velocity vector;

in this problem, speed {g constant. Since the particle rravels in

2 circle, the direction of the velocity is changing at a constant

rate. {Ume would anticipate that the particle has 2 constant acceleration
.4k to irg constant change in dfrectien.

{b] CORRECT ANSWER: A

A = Az the satellite circles the Earth, only one force pulls the
satellite {n a circular orbit. This force {y an atrractive force that
exista between Any tWo massea. Sincet the aatellite moves {n 5 cirele,
this force must equal mw?/r,

“‘.—-wﬂm-‘“

{e] CORRECT ANSWER: A

A ~ The tangential velocity v {as related to the radial acceleration &y
by

g, » v¥/r
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fa] CORMECT ANSWER: 1.85 se=
Yout reasonink may be something like this:

L. In order re find the time for one revolution of the mass, you
must koow the velocity of the mass and the psth length of
one revolution.

One revolution iz 2rr {n length where r is the radius of the
horizontal circle in which the mass maves.

The magnitude of the tangential velocity v can be found from
its relatlonship to the centripetal force,

F,o= wvi iy

In prder to determine thig force, a free-body d{agram is i
order. :

T (tension}

5. The only force acting in the radial direction is T sin30°
and thus thig force must be equal ro the centriperal force.

Now in equation form: EFY * T cosd0* ~mg = 0 {because a2 --Q)

T sin30® = nv?/r {because the mass
moves in 8 circle)

Selving for v we pbtain
v = fPg tan30®
and, of course, f(rom the diagram, v = L s{n30°.

Finally, the time for one revolution would be

distance 2ne 25/ ﬂL s
- - - m w 2% {2 00830° = 1.85 mec
velocity YTg tandd’ Vg tend0® g °

TRUE OR FALSE? The angle 6 in the free-body dlagram is 30° for this
problen.
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CORRECT ANSWER: 573 rev/min

* The distance traveled in one revolution is equal o the circumferance,
ot 2vr, of the clrele. This distance divided by the velecitY would
give us the rime for one revolution. The pime for one revolution {s
calied the period and {5 glven by the symbol T.

T = E%E = Lime per revolution

You might also notice that

%-- revolutions/time = frequency = f

whick 18 the required guantity.
Wa have

£ w v/2nr
= 9,55 revolutions/sac

This can be converted £o0 revolutions per minute ag followsn:

rer sec rev
£ = 9.55 ses ~ &0 win 373 oin

TRUE OR FALSE? The perlod of a rotstion increases as the number of
revolutions per minute increases.

CORRECT ANSWER: B

B =~ The word "centripetal" peans center-seeking or roward the center,
The velocity of a particie in uyniform circular morion changes in direc~
tion, but the apeed (or magnitude) remains constant.

CORRECT ANSWER: D

I = The case of a particle movirg in & civcle with conarent speed 13
called unifer~ trcular motion. The velocity vector changes contin-
uously in direcit »n but not in magoitude.
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CORRECT ANSWER: B

B ~ The most 4angaroud part of the stunt will come when the man on

the bicycle 1s upside down at the top of the loop. At thar point

he is most likely to leave the track. “Just about to leave the rrack™
means that the normal force due to the surface of the track 1s approach-
ing zero. Therefore, we ghould solve for this extreme condition to
obtain our minfoum safe speed.

At the top point, traveling at a velocity v, the only force acting
on the man fs his weight. Therefore, we gbtain

z T - =
Fy ng = Wma

This tells us the accelerarion 15 downward, in the radfal directien,
and equal to the acceleratfon of gravity. Then

atarﬂvzfr

v = /rg

TRUE QR FALSE? The minimum permissible speed of the bicycle in a loop-
the~loap sitnatfon is independent of the mass of bicycle and rider.

CORRECT ANSWER: B

B = For & particle moving in a circle of radiva r and frequency £, the
cantripetal acceleration 1a Biven by

2

a = Y w w?r = 452f2r
P

Let air be the acceleration when the radiva 1ag r and ajz, be the accel-
eration when the radius i3 3r. Therefore,

Sir _ 4v’flr 1
ayy 422Q20)2(3r) 12

TRUE QR FALSE? 1n thia problem, ay symbolizes tangential accelecationm,
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{a] CORRECT ANSWER: 10 m/sec
Some basic facts about ¢ircular motion:

1. Circular motion {3 alwuys accelerated motion. This is due to
the fact that even {f the speed is constant, there is a
constantly changing direction.

From Newton's second law, we know that acceleration implies
the presence of a forece. In a uniform circular motion, this
force i called centripetal force. If the centripetal force
were not present, the ¢gbject would fly off at a tangent to
the circle. Thus, the centripetal force is the forge that
holds the oblect in a cireular orbit. The magnitude of the
forces can be found from the following:

F = m?/r

v = tangential velocity (speed)
r = radius, anpd
= maga

Most problema involving uniform clrculay motion require thar the total
forces which constrain a body to move {n & circle are ecquated to mv</r,

In the present problem, when F = 100 nt and r = 2 m, the speed of the
stone is

Ve "it}m

= 10 n/sec




CORRECT ANSWER: 30 revimin
The only force available for keeping the Penny in a circular Path
is the force of friciton (static). Let’s aolve for the angular speed
at which the static frictional force would be maximum.
:ry N -mped

LF, = ugN * ma,

where u, 18 the coeffictient of staric friction and

a, = radial scceleration w u?r

Therefore,
Ughmg = molr
Solving for w. we obtain

w e, [EN8

r
Substitution of numerical valuez yields

ww, (32 0,1
1/3

- wa 31 rag/sec

Therefore,

xad oo 88c 1 rev

oo ait 27 rad 30 revimin

rev/min » 3,1

Thug the penny will sltde off when the turntzble attains the speed of
X rev/min.

TRUE OR FALSE? The coefficient of kinetis friction must ba used in the
solution of this problem,
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[a] CORRECT ANSWER: B

B - One way to check the anawer i{s to check the dimensions of the answsr.
Observe that the dimenaiong of your answer agree with the dimensions
ML/T? of any force, where M » mass, L = length, and T = time. In our
problem,

F oo mvifr,
which hae dimensione

ML2 /121,

reducing to the dimensions of force, ML/T2,

Renember that this force 1s always directed towarde the center gof the
circle,

[b] CORRECT ANSWER: 23.8 m/mec

A free-body diagram of the gled i{n the curve would indicate anly two

\

forces accing on the sled. The notmwal force must provide a component
to balance che weight and & componant te cause the radial scceleration,

next paje




continued

EFy = N cos30® ~mg = 0 {ftom a_ = 0)

¥

N §ip30° = mvifr {radial force must egual mv?/r to
maintain circular wmotion)

Elimipnate N and solve for w:

v = vrg tan30®

Notice that the mass of sled and passengers is not importaant, so the
boh=gled course i8 properly banked for people of all sizes.

TRUE CR FALSE? The vertical component of the normal force N is not
equal {n magnitude to the weight mg.

CORRECT ANSWTR: C

€ - In 3ll problems one should carefully decide op three distiact
questions:

(a) what must I £ipnd? "Unknowns"

(b) What information has been given? "Knowns"

(c) What equations do I know that relate the "knouns” to the
"unkowns''?

In this problem for example,

GIVEN ' FIND

1} constant apeed radial ascceleration (a)
2) circular path

3} radius of ¢ircle

4) time to travel one revolution

Since the speed 13 constant, the particle has only radial scceleration
and no tangential component of asceeleration. Anm equation relating
some of these guantities is
- yd
a, = vofe

next page
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cont inued
We must determine the velocity, v.

. « lim Ax

Possitle Equation: v v

We know that the particle travels one revolution in owe second. The
distance traveled in one revolution 19 the circumference of the circle,
or 2ar. Therefore,

- 2*Tr meters

v 1 mecond

2,2
Hence PO i Sl

T

TRUE OR FALSE? The distance traveled by a particle in making two
complete revolutions In circular motion ia 4*r where r is the radius
of rotation.

¢

lal CORRECT AMSWER: v ® 0.01256 mfsac, v, = 0.314 nfsec
The rop2s snwind at the pame speed yith which the cylinders turn; that
18, their tanfential velocities. Tangential veloclty v ig directly
praportiopal to the radive r. As you might recall,
v o=
vhere ¢ = angular velocity in radians/second.

In our problem,

we 3 IR0, B, g E8E g g, 20
and V) ™ ourg
bacomes vy = 0.314 E%% ¥ J.04 o » 0,01256 m/3ec
Similarly, Vo ® wry
and givas vy = 0,314 i%% = 1,0 m® 0,314 v/sec
{ TRUE OR SALSE? 1In this problem, the angular velocity of the smaller

ceylinder is exéctly the same as the angular velocity of the larger
eylindar.
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CORRECT ANSWER: 30°
Using Newton's second law, the sum of the horizontal forces, LFy, 1s
ify, = T cosé = ma (1}
Since the particle is moving in a circular path with constant speed.
the accelaration a 18 the centripetal aceeleration. Therefore, equation
{1} may be written as

T coad = mulr

where T i3 the radius of the ciccular path.

r

I

RIS

From the dlagram
r = & cosd
Substitution of v = & eosd iIn equation (1} ylelds
T coaf = mén2f2L coxe (2)
The sum of the forcas in the vereiesl direction, LF,, 1s
ZF\,-I' gingd - mg =
ot T siné = mg (3)

Dividing equation (3) by equation (2) we obtain

ging = B
w?k

= 1/2

Therefore, & = 3p°

TRUE OR FALSE? The centripetal force acting on the carnival car is
the horizontal component of the tension in the atring.
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INFORMATION PANEL Work Done by a Constant Ferce

OBJECTIVE

Te calculate the woerk done by a constant force, that is, 2 force Which
varies neither in magnitude por direction.

In the simplest &itustion, where the force applied to a body i= gonstant
in both direction and maghitude and where the resulting motion cccurs in
a gtraight line, we define work as the product of the magnitude of the
force ang the displacement of the particle on which the forece acts.

Since force and gisplacement fre both vectors, care must be taken to

tge & consistent system of symbols. In our work we will continue to use
¥ for the position vector. Displacement will be designated ' & so

that & patticle moving from position ? te ¥, will undergo & displace-
ment of A7 3 & = t, - f Thus, with :his convention, d& = df and the

two differentials may be used interchangeably although d% will be the
preferred form.

The work W dene by a constant force ¥ acting on a body which wmoves
through a displacement § 1 W = F*§ = Fs cosd in which 6 is the angle
between the two vectors.

If we designate the component of the force in the s~Airection as Fg,
then

?s = P cond
and 90 W= Fgs

In working through the preblems dealing with the work done by & comstant
forca, you will be expected to

(2} Justify the conclusion that the work done by centripetal
- Force on a particle roving uniformly in a circle Is zero;

(b} calculate the work done on a given mags when moved up an
incline by a giver distance;

find the work done on a given masy when lifted vercrically
over a given d4{srance.
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i. A Z=kg pavticle iz moving in a 2ircle wirh an angular velocity of
10 radisoc. The diameter of the circle fs Im. How much woTk 15 done
et the particle by the centyripetal force during one revolutfon?

400~
00~
100 3
Tero

A safe naving a mapa of 2 sluge
15 moved up a 30" frictionless
inclined plane for a discance of
15 fr. Caleculate the work done
on the gale.

3. A bock of mass m Is 1ifred a vercical distance y near the gurface
of the Earth, Which of the follpwing expressions glves the work done on
the book?

A, (L/2)my
B, my
. (1/2)egy
D, mgy
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A 3-kg block ig pushed 15 ft
along a frictionless inelined
rlane. The work expended 1=
720 ft=1b. Find the angle

of incline 0. :

INFORMATION PANEL Work Done by a Varying Foree -

OBJECTIVE

Te caleulate the work done by & Force that varies in a knovm manner.

The fotce that couses the displacement of a pavticle often changes in
magnirude and/er direction from instanr £o instant in a mathematically
predictable way., For sxample, the magnitude of a force ia often a
function of the displacement of the particle to which the foree is
applied: &8s a apring is stretched or compreseed, the force needed to
produce éach successive increment of displacement becomes larger ag the
end of the apring moves farther from 1ts rest position. In this case.
the work done 15 no longer & simple product of foree and displacement.

When the force varies in mapnitude, or when the force and d aplacement
are nat in the psme direction. the work doné 15 pgiven by
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In the graph of F, vs s, it can be seen thet the werk due to a displace-

ment from 8y to sy is the area under the curve between the end points
8, and s,.

AFs

You will find the problems in this section require that you be able to

{a) ealculate work when the force iIs given as 2 function of
displacement (in equation form);

calculate work when the dependence of forece on displacement is
shown in the form of : graph;

caleulate work In the specisl casep when the foree Is a aimple
restoring force, or a gravitational foree near the Earth's
surface.
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5. Amassm= 2 kg moves in the direction of an applied force varying
with displacement according to the equation

¥ = nln + :a‘x?)

wher. o = 5 m/sec2, & » 15 n~'sec™?, and x is the displacement. Find
the work done on the mass during the first 2 m of its journev.

A. 260 §
B, 130 1
€. 100 §
D. 20 %

i//}\\_ The graph shows the depen-

: "~ dence of Fy on the displace~

/{ ) ment 8. It i3 found that
the vork done froms;, = G m

to 4, = 90 m iz equal to

\\‘ 450 §. Find the maximum

value of Fgo

The diagram shows the linear
dependence of Fg on the
displacement 8. Compute

the amount of work done
between 5; = 10 = and By ®
20 m.




B. A mass m = 2 kg moves in the direction of an appllied force varying
with displacement % according to the equation

F = mfax + b)?

where a = 1.0 n~1/2gee~! and b = 2.0 n!1/2sec™), Find the work done
on the mass during the first 3.0 m of jts Journev.

A. 130 §
3. 110 §
€. 9 i
D. 78 3

INFORMATION PANEL Algebraile Signs in Work Problems

OBJECTIVE

Te recognize that work may be designated as either positive or negstive
and to use the accepted sign convention in solving problems that call
for it.

It is convenlent to assign an algebraic sign to work under certain
conditions. Fundamentally, the sign indicates which "body" actually
dues the work.

Suppose we are trying to find Cthe work done by a body A on body B

and it happens that bedy B is actually doing the work on body A. Then
ag far #8 our original assumption is concerned, that isg, that body A
is doing the work on body B, we would have to say that the work WAR

1z 2 negative guantiry.

By convention, the work done by a physical system on its environment

is taken as positive. If the work comes out negarive, then we know
that the environment had done work on the svystem rather than the other
way around, In problem 9 that follows, the system consists of a

spring resting en a frictionless table with one end of the spring fixed
in position; rthe "envirooment” in ¢his problem is a 5-kg mass. As

you work through th2 problem, the need for the sign coavention will
become apparent.

next page
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continued

F
]

X

A spring is said rp obey Hooke's
law if the foree necesssry to
stretch or compress the spring
ig directly proportional to che
ameynt of strerching or compres-
sioen., Within limits, most
springs obey Hooke's law.

I1f the equilibrium nosition
of the free end of a spring
is x,, the force F' necessary
to stretch the spring to a
new positien ® 13 given by

Ftow kix - Xy}

where k 15 the force constant of the apring. In accord with our conven-
tien, the work done by the spring on its eaviromment 1Is positive.

From Newton's third laws the force of the spring on the block is

F e -F' = ~kix - %)

or, written in scalar form,

F o= «k(x ~ x,}

In working through the following problems, it is anticipated that you

will he capable of

(2} recognizing that the magnitude of the force at any fnstant
depands on the displacement of the body;

(b} computing the work done on the system or by the gystem,
Jepending on the algebraic sign of the final answer.

9. A 5-kg block 1& atzached to the sprimg shown in the dlagram at the
top of the page. The spring, when unstretched, has a length of 0.15 »
including the block), and its force constant ¥k is equal to 2000 nt/m.

Compute the work deone In moving the hlock from x, = 0.10 m to x, =

0.25 m.

-750 §
52.5 3
~1.5 %
-52.5 3
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INFORMATION PANEL Unit Systems for Work amd Power

ORJECTIVE

To solve Protlems in work and power using <consistent ynits throughout
the solurions.

Far Your convenience. we have listed the Power and work units Commonly
used Ift the three :ystems with which we deal In this ¢course.

tori (energy} POWER

joule {31} or watt {w} or joule
Rewton-meter per gecond (1/sec)
{nt-m)

Bricish foot-pourd foot-pound per second
(fe-1b) (ft-Ib/sec}

foot~pound per minute
{ft=ih/min)}

erg or dyne- erg per second
centimeter (erg/sec)

British thermal horsepowar (hp)
uniy (3Btu)

kilowatt-hour
{ku-hr}

#zeful Convergions

1 wate=sec = 1 joule = 1 ne-m

1 erg = 1 dyne-cm = 187 3

1 hp = 550 ft-ib/sec = 33,000 fit~lb/min = 746 w
1 kw-hr = 3,6 x 10% 3

1 Bty = 778 ft-1b

The questions and problems in this section require that you be able te
{a) use the relationship P » F¥ in nmerical and aymbolie work;

(b) find the instantanecus power supplied by an oscilleting
spring at a given displacement;

{¢) eombine work, power and fricticn conCepts in numerical
applications.




SEGMENT 7

10, An escalator. inclined at 37° from the horizontal, has a metor that
ean deliver a maximum powver of 10 hp. If the escalator is moving with

A constant speed of 2 ft/see, what is the maximum number of passengers,
with an average weight of 150 1lb, that the escalator can handle?
(Meplect frictional losses.)

30
18
41
3

A mass m attached to 3
spring with force constant
k is oscillating back and
forth between points x
and X, on a frictionless
horizental table. What
is the instantanecus
power supplied by the
spring at the instant the
masg passes through the
midpodnt x,? (In the
following, v is the speed
of the mass at the moment
it passes through point
Ryl

kxov
k(xa - xo}v
k{x, - v
Z&ro
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12. A constant herizontal force of magnitude F 18 required in order EO
slide & 100-kz block on a horizontal {loor with a constant speed of

5 mfsec, The coefficient of kinetic friction between the black and Lhe
floor 12 ©.2. How much power must be supplied bv the agency responsible

for the force F7

13. A 2500-1b car maintains a constant speed of 60 mi/hr up a road
inclined ar 20° from the horizontal. Asgsume that frictional forces
tan be neglected. How much power doeg the engine of the cer develop?

14, Am escalarors inclined ar 37" from the heorizontal, has 2 motor
that can deliver a maximum power of 5 hp, If the escalator is moving
with a constant speed of 1 ft/sec, what is the maximum yumber of
passengers, with an average weight of 150 Ib, that the escalator can
handle? {(Neglect frictional losses.)

18
3¢
31
4l

INFORMATION PAMEL Kinetic Energy

QBJECTIVE

To apply tha definicion ¢f kinetic energy co'descriptive questions:
to solve numerical problems involving kinetic engvgy only.

The kinetlc enetgy of a moving mass is defined ss its asbility to do
work by virtue of irs motion. Energy of any kind 1s a gcalar quantity;
kinetic energy K 15 determined for any given body by the ralationship

R = 1/2 ew?

in which m » the mass of the body and v » the magnitude of its velociry,
or its speed.

next page




SEGMENT 7 _ 11

cont inuved

A mass moving with consrant speed has a constant kinetic energy.

the kinetic enargy of 2 mass soving with changing speed varies from
{nstant te i{nstant, hence the fnstanutancous kinztic energy i{s a function
of the {nstantaneous $pead at the moment in questinn.

As a check on your understanding of kinetic energv, you must be able to

{a) solve a problem involving the kinetic enetgy of a projectile
at the highest point of {ts trajectory:

{t} determine the kinetic energy of a given tmoving mass, giviag
attention to units, their Conversion, znd thafir consistency.

15, A 2-kg particle {s projected from Eround level with an i{nitial

velocity of 20 m/sec, at 60% sbove the horizonral, Pind the kinetic
energy of the particle when it reaches itz highest altitude; {.e.,

vhere the vertical component of the velecity {5 zero. (Neglect air

resistance.

16. A 2000-1b car is maving with a speed of 60 ui/hr. Find {ts
kinetic energy.

17. The kineric energy of a 2-kg prejectile at the highest poinr in
its trajectory is 25 joules. It 13 known that the projectile was fired
~ gt an angle of 50° from rhe hortzontal. Find the initial speed of the
projectile,




INFORMATION PANEL The Work-Energy Theorem

OBJECTIVE

To define the work-energy theorem: te use the theorem for solving
symbolic and numerical problems,

The work-energy theorem for & Partircle ztates that the work done by the
resultant force applied to a particle is equal to the change in the
kinetic epergy of the particls. Or

WR=K—K0"&K

wherein Wp = the work due to the resultant force; X = the kinetic enexgy
of the Particle after the work has been done; Xg = the initial kinetic
enerygy hefore application of the resulrant force.

The follewing can be deduced frof the work-energy theorem:

1. TYor & particle toving with constant speed, there is no thange
of kinetie energy, hence the work fone by the rasultant force iz zero.

2. The speed of the partitle along & given line of movdon call be
changed otly when the resultant forge has a component along thst line:

3. If the kinetic enmergy of & partitle diminishes, the work done
by the resultant force is negativai if the kinetic energy increases,
the work is pogitive.

4. The kinetic ensrgy of a mass In wmotion €quals the work it can
do before it {s brought to rest.

5. 7The uynite used for work @nd Linetic energy are identical.

The following problems call for the ability zo

{a) solve a problem in kinematics by means of the work-energy
theoremn;

(b) solve a problem involving a projectile fired st sn angle to
the horizonial {n vhich you are to determine its Lkinetic energy upon
returning to earth;

{¢)} determine the work required to double the speud of a given
particle;

(d) use the work-energy theorem in calculating the force acting
on & body, given the factors needed to find its kinetic snergy before
and after the force has acted.




1B, A block is projecred with an initial spesd of 8 nfzer, dowm a
frictionless plane inclined 45° from the horizontal. Fipd the speed
of the hlock after it has travelad for a distance of 2.8 m aleng the
incline. (Use the work—energy theorem in your solution.)

19. A constant force F is used to accelerate a body of mass m to a
velocity ¥. The force is then removed, How much work is done on the
ohject?

A, Fvy

B, mvi/?

€. (Fo/mye?
D, TFut

20. A particle of masts m is moving with a speed v. How mich work must
be done on the particle in order to double its spaed?

A, (1/2mv?
B. nv?

€. (3/2)mv?
D, 2myl

21, & 2-kg sphere 1g projected with an initial velocity of 10 m/sec,
at 39.3° sbove tie horfzontal, from the ground level of a horizontal
field. What 1is the sphere's kinetic energy at the instant 1t hits
the ground? (Neglect air resistance.)

296 4
256 3
196 3
100 3

22. A bullet having a weight of 1 oz, moving with a speed of 600 mi/hy,
penatrates s tree rrunk to a dépth of 1l inches before coming to rest,
Calculate the average force exerted on the bullet,




23. A block 1s projected upward on 3 fricrionless inclined plane with
an initial speed of 10 nfsec. The planie 1s inclined at 45° from the
horizontal. Find the speed of the block after 1t has traveled a
distance of 2,6 m along the incline.

IRFORMATION PAREL Compcesite Problems Involving Work and Energy

OBJECTIVE

To combine the concepts of work &nd energy with other kinematic and
dynamic aspects of physics in solving composite problema.

You have been made aware of rhe necessity for organizing your work
bafore you begin to substitute numbers in equatiots deallng with
composite problems. All the rules previously described--itemization
of the knowns and unknowns, gnd writing down the Interrelating equa-
tiops~~apply equally well to this section of your work.

The Temaining problems in this segment are such composite problems.
In working these out, you are expecied 2o use the work-anergy theotem
in solving problems which require rhat you

{a)} first use Newton's second law to calculate an unknown force
and then apply the theorem:

(b) =make use of the concepts of friction on an inclined plane to
find the speed of a block on the plane after 1t has traveled
a specified distance undar the sction of a coustant force:

calculate the speed acguired by a mass as the result of the
decompression of a spring.
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26. A 30-gm buller. fired with a speed of 300 o/sec, passes through &
telephone pale 30 ¢m in diameter at a point 2 m above pground, The
bullet's path through the pole 1s horiaontal and alopg a diamerer.
While in the pole the bullet experiences an average force of 2500 nt.
1f air resistance is neglected, at what horizontal distasce from the
pole will the bullet hit the ground?

25. A block weighing 16 1b is inicially at rest. It 15 made to move
through a distance of 100 ft in 10 ges by a constant .orce. Fiand how
tuch work must have been done.

26, A 100-gm rubber ball is held at the bottom of a barrel full of
water and then relersed. While riasing teo the surface, the ball expe~
riences an average upward forpe of 430 dynes {(this sneludee the
weight of the ball). The barrel 1s 1000. cw high. Find the maxisum
distance through which the ball will rise above the barrel.

27. A constant horizontal force ¥, of magnitude 120 nt, 1s used to
nove a lO-kg block
up & plane inclined
8t 37° from the
herizontal. If the
block starcs from
rest, and che
coefficient of
kinetic friction
between the block
and the plane is
9,200, what i3 the
speed of the block
after it has
traveled 10 m along
the plane?

A. 6.56 m/aec
B. 0.55 mfaec
€. 12.8 m/see
D. 3.76 m/sec
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28, A 2-kg block 1s held at point A on 3 horizontal fioor, with a
compressed spring placed
betwaen the block and a
wall butr not attached to
the block. The floer
surface to the right of B
is frictionless. The
coefficient of kinetic
friction betveen the
surface to the left of B
and the block 4s J.25.
The spring has & force
constant of 573 nt/m, and
it is compressed to &
length 2D ¢m shorter than
ite normal length., The distance from A to € is 1 m, and B 1is midway
between A and C. If the block is suddenly released, what will be

{ts speed when it goes past polnt C?

A, 2.355 misec
B. 3.00 mfsec
C. 5.12 mfgec
D. 3.16 m/sec

A congtant horizontal force F, of magnitude 120 nt, 1g used to
move & 10+kg black
up a Plane inclined
at 37° from the
horizontal. If the
block starts from
rest, and the
coafficient of
kinetic frictioo
between the block
and the plane 18
0.200, how fa< has
the block travaled
along the plane when
itg speed 1s 2,1 m/gec?

A
B.
cl
b.

-

1
1
?
1

3
4
3
6
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CORRECT ANSWER: 10 nt

The work done is equal to the area of the triangie in the figure. The
araa of a triangle is given by (17/2)(base) » {height}.

Thas, B %— bh, and h = /b,

But the height hera is the desired F_, maxisum. Hence,

W2 x 450
Fg {max) - T35 = 10 nt

CORRECT ANSWER: R

D - The only force acting on the particle is that of graovity, directed
along the negative y-axls, Since, however, the met wertiocal displace-
ment of the sphere, at the peint it hite the ground, i Zero, the net
work done by the force of gravity {s zero and, therefore, AKX = 0. Thus,

Ke = Ky = (W/2mv, 2 = (1/2) = 2 x (10)2 = 100 §

CORRECT ANSUER: D
B - Given that
F = nlax + b)}?

the work done is expressed by

3 3
W afl TodE m m[ {ax + »)2 dx
x, T

?
- af. {aZx? + 2abx + b2) dx
xl

Xy
3 2
- m(az-g- + 2ab % + bix)
¥

fet x, = G and X, = 3, to obtain
W=78]

TRUE OR FALSE! The molution of this problen assumes the applied Force
te be constant over the entire incerval from Xy = 0tox, » 3,
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fal CORRECT ANSWER: 128 m

A

t

- et X

We uge the work-enerpy theorem to find the spesd of the bullet when it
comes out of the pole. (Note that the force ig opposite to the direc~
tion of motion.)}

el 1 2
-Fs = AK 3 mv 5 °

1
- Fs = 3 (my,? ~ 2Fs)

{wv,? ~ 2Fs)
m

(1)

The bullet comes out of the pole horizontally, so v
final y = 0, s0 from

oy ™ 0. Alsc the

1
Y = ¥y vgyt - 5 827

we find the time it takes the bullet to hit the ground

£ = .2_y£ {(2)
v 2

Finally, since there is no accelerstion in the x-direction,

X Vot (&)

next page
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SEGMENT 7

continued

In equation {3), Vox i35 the speed found In (1) and t is the time found
In (3); thus.

.
e = 2 23, @
n g

Substituting the given data in (4} we find

y _\/m x 1073 x (300)% = 2 x 2500 x 0.30] (2 x 2)
(30 x 1073) 9.8

. [{Z700 = 1500) 4
\/ 5354 128 m

TRUE OR FALSE? After passing through the pole. the trajectory of the
bullet is parabolie.

CORRECT ANSWER: D

D*- The work done bv a forca ? in moving a body through a displaceasent
ds has been defined as

av = Feda (1)
Dividing both sides of (1) by the time differential dt we find

dw dg
-&-E [ ?'a—t = §c$ {2)

But dw/dt 1gq the rar~ at yhich work is done by the force; i.e.,
the power dclivered by the force. Hence,

L] {3

In the present problem we want to find the power when the mass is
at the equilibrium point. From the relation F = ~k(x - x,) we see
that at x = x5, F(x,)} = 0. Therefore, the apring delivers no power
at the instant the mass m passes through the mid-point Xp.

19




[a} CORRECT ANSWER: 30°

my mg sin &

The component of the applied force along the Inclined plane, Py, must
at least equal the component of the weight along the incline, We have

Fs = mg sinf

= Fss
{ng sing) s
W/imgs
ain”! (W/mgs)
sin"1[720/(3 * 32 x 15}
= 30°

TRUE OR FALSE? The work required ko move the block up the plane varies
directly with the mass of the block.




fa] CORRECT ANSWER: B

B = A constant force produces a constant scceleration, Using the
equation involving a, v, and s, with v, = 0. wve get

v? = 2as

The force is given by F = ma, thus ¥ = mv?/2s. The work done by this
force is therefore

a o el gl
W= Fesg = Fa cosl Ta 8 3

CORRECT ANSWER: 480 ft-1b

The component of the applied force along the inclined plane, F,, must be
equal and oppeaite to the
component of the weight

'I;' along the incline. Thus,
A .
Fy = mg aing

and

-
W= F3=Fs = (ng aind) s

ft

'*281&1551323?&‘2*%‘* 15 £t

= 480 fr-lb

{We have used the fact that

ceec?
mg mg sin 9 1 slug = 1 _m%:_)

TRUE OR FALSE? The work done in moving the safe a distance of 15 ft
glong the plane is Independent of the angle of the plana.




{a] CORRECT ANSWER: A

R | 2
axes votated to
the hoarizontal N

and vertieal
positions

e
' . m -
Figure 1

In Figure 1 we show all the forces acting on the bleck., along with the
cocidinate system chose for this problem. The forces involved are:

i) the applied horizontal force ¥,
11) the bloek's weight =g,
111) rthe plane's reaction force 8, and
-

iv} rthe foree of friction f of magnitude £ = uN,.
Since the diaplacenent is along the positive w-axis, only the X-compo~
nents of these forros will contribute to the work dome on the block,
Therafore, the nomal reaction force N will not contribute directly to
the work done, being perpendicular te %. It doss contribute indirectly,
howgver, since the magnitude of the frictional force f is proportiomal
to B. The direction of f is. of course, always opposite to the motion.

The force ¥ is

Heox #
¥

or written in acalar form.
N = <{<F ging -~ mg cosb) = F sind + mg cosd

next page
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cont {nuzed
50 the magnitude of the force of Friction becomes

f = pN = p(F 5.08 + ng cost)

The total work done on the block is (see Figure 2)

WeF3a s}ZFx = g[F cosb - mg sing ~ p{F sin® + mg cosd)] (z)
Using the work~energy theorem AK = W, we Find

%mvznw

) .
s s E‘mvszF cosd -~ mg sind - u(F 5ind + ng cosd)) (3)

% (10)(2.1}%
® " {1207 (0-8Y = (10 (9.8) (0.6 - (0.251(120)(0.6; = (10)¢5.8)(0.8)]

=3, 1lm

TRUE OR FAL3E? 1In this problem, the bleck comes to rest after traveling
3.9 o up the plane,

CORRECT ANSWER: 3.6 x 10° fr-lb
In using the expression for the kinetic energy
K« %—mvz

ve must make Bure that consistent unfits Qre used for all the quantities
involved. Thus, m = 3000/32 slugs and v = 80 mi/hr = 88 ft/mec, so0

R o _:12_ (i‘;—gg) (88)2 = 3.63 x 105 fralib
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{a] CORRECT ANSWER: 300 3

The work done by a variahls force is given by

5. s,
We] Fedd=f ¥F.ods
5 %

i) 5 1
$ [inm)

i

From the graph we see that F. depends linearly on s (F, = ks), with
the slope k equal te 40 nt)?(zo m) = 2 nt/m. Hence,

S, sl
We kf sds = (1/2)ks? ’ = (1l/2)k (sz2 - 912)
% $,

= {1/2)(2) (40D - 100) = 300 j

The work can also be computed “geometrically."” The integral fFeds is
equal to the area under the Fy versus s curve, between the specified
s-limite. A look at the graph will sonvincy you that the ares is
indeed 300 nt-m = 300 j.
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CORRECT ANSWER: 8 mfsec

The wotk done bY the blotk is egsal ro the change in kinetie energy K
of the block.

W AX
or A = KE - Ki

All the work on the hilock is done by the component of weight projected
along the incline. Frtom the diagram, we have

W o= m§-§
= pge cos{d + 90°)
= -mgs pint

The work~energy theorem hecomes

=3 2 2
-mgs sing 3 m{vf - vy 3

or ved = vy? - 2gs sing Vmg

Using the given dats, v, = 10 mfsec, s = 2.6 m, and 6 = 45°, we find
vy = 8 mfsec.

TRUE OR FALSE? This block will come to rest at the end of 1ts upwatd
Journey after traveling z distance of 2.5 m up the plane.

CORRECT ANSWER: C

€ - The work-energy theorem states that the work done is equal to the
change of the kinetic enetgy of the particle,

W= K = Kp - Ky (1)

From the given dats,

Ky = (L/2)yow?
and

Ke = (1/2m(2v)? = 2mv?
Subgtitucing {2) and (3) iato {1), we find

Wow 2myd - (1/2)mv? = (372)mvd
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CORRECT ANSWER: A
A - The escalator must. just overcome the gravitational forece on the
passengers (wefght}., If n iz the numbe¥ of paseengers of average
weight W, the total force that must be provided by the escalator is
* «Ff. The power delivered by the escalator in moving the passengets
with 2 velocity v is
- e L S
P2 Fov & unifew = -y cos(90 + 37°)
= v sin{37%)

This power cannot he larger than
10 hp x $50 fi:%ﬂf-ﬁﬁ = 5500 fr~lb/sec

Therefore, for maximum n,

owv sin{37%) = 5500

or

- 5500

=Y ? T W s (37
nw

= 30.56

Hence, 30 people can ride the escalator.
Notice that 31 people are too many.

TRUE OR FALSE? To the solution above, power consumed is {independent of
the angle of the escalator.

M

CORRECT ANSWER: D

Circular motion provides an example of the dependence of the work done
on the angle between the applied force and direction of moticn. The
centripetal force is mv?/r, and the total distance traveled during one
revolution 1is 3 = 2zr = nd, At any moment. however, the force is
directed along the radius toward the center, while the direction of
motion is along the tangent to the cirgle at the point at which the
particle is. Thus, the angle between g'and ds 1s 90°; and Feds =

Fds cos(90°) = 0. So the work done by the centripetal forge is zero.

TRUE OR PALSE? In uniform circular motlon, the work done by the centri~
petal force iz an unpredictable function of digplacement.
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CORRECT ANSWER: 10 »/mec
The kinetic energy X of the projectile 4s given by
1
K= E'm(vxz + vyg}

At the highest point in & trajectory, the vertical component of velscity
vanishes, -

K e % vy

the horizontal component of veloeity remains unchanged throughout the
projectile’s Elight because there is no horizontal foree. The initial
speed, v, and v, are® related by

Vy ® V cosé

go that K = % miv cosd}?

1 [

U=

V= cosd o

= 10 m/sec

TRUE OR FALSE? Just before the projectile leaves the muzzle of the gun
it has definite verticzl and horizental components of velocity.

CORRECT ANSWER: 100 fi~1b

Since the displacement and time sre given, and ve ¥ 0, the congtant
acceleration can be computed from

=L a2 23
] 2 at 80 4= tz
The foree causing this scceleration is

2ms
t

Femams

Finally the work done by this foree is given by

. 2 . 2
e = 9 B 16, /1002 _ -
Wae Fg = ln 2 - 2 x 3 x 10) 100 fr-1b
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This splution is identical to that of question 10, except [or some
pumerical changes. The solution is reproduced here for your conven~
ience,

CORRECT ANSWER: B

B ~ The escalator must just overcoms the gravitational force on the
pagsengers {weight). If n 15 the number of passengers. of average
gelgh;a?, the total force that muct be provided by the escalator 1s .
F = -nw, The pover delivered by the escalator in moving the passengers
with a veloeity v is

s e

P o Fov a uney = ~nitv cos(30 + 37°)

= iy sin{37")

il
F * This power cannot be larger than

fr-lblaec

3 hp = 35530 hp

= 2250 fe~1b/sec

Therefore, for maximum n,

nwv sin{37°) = 2250
or

. 2250
W sin(37%)

= 3C.6

Hence, 30 pecple can ride the escalator.
Netice that 31 people are too many.

" TRUE OR FALSE? More people could have ridden the escalator if W had
been smaller chan 150 1b.

CORRECT ANSWER: D

D~ The work done on the hook i3 given by W = P o Fou wheye f is the
applied force and ¥ s the displacement. In this question 8= y
Furthermore, in order to move th boak vertically upward (without
acceleration}, a verrical force % - mg is required te overcome the
foree of "gravity” (weight}. Mence, Fjr = mg and

We= F-? = Fyy = mgy
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[a] CORREGT AMSWER: T

-
mg

Figure 1 Figure 2

D = In Figure 1 we show all the forces acting on the hlock, along with
the coordinste system chosen for this problem: The forces involved are:

1) the spplied horizontal force ?,

i1} the block's weight nmg,

111) the plane's reaction force N, and

iv) the force of fricticon f of magnitude £ = ulN,

Since the displacement ia along the positive x-axis, only the x~compow
nents of these forces will contribute to the work done on the block.
Thersfore, rhe normal reaction force N+w111 not contribute directly to
the work done, being perpendicular to 5. It does eon%ribute indirpetly,
howevar, since the magni§ude pf the frictionzl force t is proportional
te N. The direction of { is, of course, always opposite to the moticn.
The force ﬁ iz -

Nw=~f ?y
or written in sealar form,

¥ = ~{~F sind -~ ug cos8) = F ging + ng cosd

next page




cont inused
50 the magnitude of the force of friction becomes
f = u¥ = u{f gint + ng cos?)
The total work denel on the block is (see Figure 2}
Wefs = sff Fx) © [F cogd ~ mg 5ind - u(P sind + mg cosd)}]

Using the work-energv theoXem AK = W, we find

% myd = W

n
. W 28 .
. Vo e om [ [F coge ~ mg gin? » (P . ing + mg cosa)]

Substituting the given gata in (3} we obtain

v = %‘a’@ {(220)(0.8) - (10749.80.6) - {0.2)[(120)(0.6) + (10)(9.8)(0.8)]}

v /2{%6 ~ 58,8 -~ 30.08) = /14.24 = 3.76 m/sec

TREE OR FALSE? With the axes chosen as illustrated, the Y-compoment
of ¥ does not directly contribute te the wark done on the block.

CORRECT ANSWER: 140

¢ itg highest altitude, the vertical compoment of the projeccilie’s
velocity is momentarily zerce. The horizontal composent of the veloelty
is constant, since there i8 no horizontal feorce acting on the par.icle.
Hence, the kinetic energy at the highest altitude is given by

1

K
Y3

oy - %’m(vo cost)? = % * 2% (20 x 0.5)2 = 100

TRUE OR PALSE? At the highest altitude, the projectile iz accelerating
uniforely in the horizontal direction.
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CORRECT ANSWER: C

€ - the wirk done Is found from

53
[ Fsds
5

with F = «+k{x - xo). We have

. K?
2
Hw —k.[ (x = x5) dn = -k(l% - xox) l

L
X
==K ? - ook, - %2+ 20x,)

3 W7 T cNgXy = ¥ ey

Substituting the velues of x, = 0.15 =, ¥ = 0.0 m, X, = 0,25 W,
and k = 2000 nt/m above, we get

W = -1000(625 - 750 ~ 100 + 300} x L07* = .7.5 j
The negative $ign means that york is done o the spring, not by the
spring. Ne cgn see this qualitatively. The spring is originally
compressed 5 em from equilibrium. Ir does work in moving the mass

fromxnlﬂmtox=xo=15cm. Promx = 15 cm to X = X, = 25 om,
however, phe spring must he stretched, so work must be doné on irt.

TRUE OR FALSE? Throughout the displacement frpm x = 18 om to x = 23 em,
the nature of the work done 15 identified by a negacive {~)} sign.

CORRECT ANSWER: 930 watts

The power delivered by a force can be written an
N P = foy

In the present prohlem, the megnitudes of the applied force and the

force of frictien u¥ are equal, so F w N » uag, Furthermore, Fand v

have the same ¢irecrion. Herce,

P =¥y o= umgy = (0,2)(R00)(2.83(5%) = 960 warts




CORRECT ANSWER: 5 cm

We yge the work-emergy theorem to find the gpeed of the ball when it
comes out 0f the water. Kote that the force ig in the direction of
motion.

W= &K

- 1 .2 1
st-imv -—z-mroz

where F is the magnitude of the average force and 5 is the distance
traveled by the bsgll in water. Sciving for the square of the final
speed, we have
2, D’ + 2Fs

m

v

The speed v 18 now the initilal speed with which the ball leaves the
surface of the water. The flight of rhe ball through the air 4s

described by .

ve? = vi - 2gy

At the bighest point, v = 0, 80

2 - WQI + 2?5 ?s

)“'5—

* ~> yhere v, has been set egual to zera
g 2mg mg ° T

- £490 x 10~%) (19)
(0.13 (9.8

= d.05m= 3 em

TRUE OR FALSE? 1ln this solution, v, * O because the inritial velocity
of the ball i3 gero when it Iz released from the Pottom of the barrel.

CORRECT ANSWER: 10 nfsec

The work W done by the block i8 equal to tha ch” ge in rhe kisetic
energy K of the bieck,

W= AR

Nﬂxf-ﬁi
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cont inued

In this case, we have work done by the
component of weipht projected aleong the

W

nmgs &ind

mg

or

. vfz

4

=

incline, mg sin?

Ed
mges
mgs cosd

wmgs sing

The work-energy theorem becones

‘%“m(\?fz - Viz)

v + 2gs stn

Using the given dats v; = 8 mfsec, 8 = 2.6 m and 3 = 43°, we find

ve = 10 m/sec.

TRUE OR FALSE? A1l other thimgs equal, at increasingly largér values

of &, the greater will be v..

CORRECT ANSWER: C

Given that

F=pa=m(a + 8x2Yy

the work dome is

| *2, . ? -
W nf Fedg = m {a + 8x2) dx = wlax + (13-) x3}
X *y 3 Xy

&

2
= 2i5% + {15/3) x-"}I = 100 3
o

TRUE OR FALSE? For th siteation described, o and 8 are both comstunts.

*2

ra
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CORRECT ANSWER: 3B

B =~ The change in the block's kinetic energv is equal re the net
work done on the block. The spring applies a force on the block up
to the point the spring reaches its normal (equilibrium} length.
This variable force is equal to

P k(e - %) m
which 18 in the direction of the block’s motion.

The work done by this force fas

e..._l_ - 2:.1.. 2

. z 55 Rix = x )% = 5 ksy

vhere s, is the change in the spring’s length; namely,
I =~ em = =0.2 m

the minus sign indicating a negative change of lepgths that iz, compres-
sira. The votk done by the force of friction 1s nepative {work done
against friction' and is equal te .

¥, = -umgs,, with s, = AB = 50 cm = 0.5 m. {1
Thua, at peint 5 the block's kinetic energy is given by

% my? = Wy + W, = %—kglz - Imgs, {4}

Fow, since o the right of B the surface Is frictionless, the ner force
on the block there 1s zero, and the block will move with constant
velocity. Therefore, the hlack®s speed at point € is found from
equation (&) and is

: k
vayfs e - ugs, (5}

Substitutieg the g% en daca in {5} we find

v = \/?-%3- 0.2)2 = 2(N.253(3.83 (0. 53

= J11.45 ~ 2.45 = 3.00 mfsec

PAFullToxt Provided by ERIC



SECOMENT 7

{a) CORRECT ANSWER: 75,350, ft-1b/sec or 137 hp
The power can be computed From
P o= Foy (1)

The force I must be such 43 to overw
come the weipght of the car; 1.e.,

= -mg (2

P = omfed = mgyv cos(90 ¢ 8)

= —mgv{-sind)

= mpy sind {3

Equation €3} can alse be derived by

using the fact that mg =in® is rhe
component of the welght along the incline. The force provided by the
car's engine must overcome this component. The component of the weight

normal to the incline (mg cos®) 1= counteracted by the road's “reaction”
on the Car.

The glven speed 45 60 mi/hr = 28 fr/sec. Also, In order ro coavert

from ft-1b/sec to hp, we must divide {3} by 5350 {1 hp = 550 ft-lb/sec}.
i s,

p - ZHOEDOID 4y
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CORRECT ANSWER: 825 1h

The uork-energy theores can be used for ‘nluing this problem. From
We 3K or Fs = (1/2)mv?, we find

w o mvt
Eoa 1)

whare T is the average force, s the distance over thich ¥ acts, and v
1s the Initial velocity of the bullet. The quantities involved in
equation (1) must be expressed in the apprepriate ynits. We convert
the bullet's weight into its mass

nnlozx..]-'...l-.t.?.x-.-].'_sngz 1 51ug

1
16 ¢z 32 1b 16 x 32

Tae velocity v = 600 mi/hr = 880 ft/sec, and the penetratina depth
§ * 11 inches = 11/12 fr. Thus,

1
TR i ¢ (880)7 (88)% x 12 x 1p2

L T R E N R e

s v

e |
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SEGHENT 8

INFORMATION PANEL Potential Energy and Conservative Forees

CBJECTIVE

To introduce the concept of potentfial energy and its place In conservative
systems; to use these conc:pts in the solution of relevant problems.

Forential énerfy is the kind of energy that a body has by virtue of its
position or coufiguration. When a body is raised te a8 highar level, it
15 able to do 2 certain amount of work when £t falls back to its origimal
helght; this is petential energy of "position." Potential energy of
configuration is illustrated by & stretched or compressed spring. Work
nust be done to change the configuration of the spring so that an equal
amount of potential energy is stored in the sprisg under i{deal conditions
becauvse it can do that amount of work in Teturning to its prigical leagth.

Iz either case, potenilal energy can be uniquelY determined only by
refercing the change of position or the change of configuration po some
particular reterence which is arbitravily assigned a walus of zero.

Only a change of potential energy is swgnificeni. Ouce, however, a
position is determined to which & zero value of potemtial energy can be
assigned, we may speak of phe potential emergy of a body. When 2 mass ic
lifred to a rable top, the enerfy may be measured relative to the flour.
If we had referved the energy to the gellar or attic, the potential
energy at floor level, or at table level, would then have been different,

In its broadest senses 8 force is conservative if the work it does f8
moving an chject over any path back te its starting polnt is zero. A
second important characteristic of phe action of 3 conservative force
is that the work it doe’ in zmvviag the chiect between two given points
is independent of the pach over which the object has been moved.
Coaservatlve forces are intimately related to petential and kinetic
enetrg¥. When 4 conservative force does work on a Body, this work s
completely recoverable; indeed, this is the Fundamental aspect of ron-
servative systems.

In this s2crlon, you will be asked to

{a} recognize the differences between conservative and
non—conservative forces;

(b} extend the work-enz¥gy theoren o sitvations involving
conservative forced.




SEGMENT g

PROBLEMS

}. 'The work-ghergy theovem statcs thar the work done by the tesultant
force on a particle is equal te the change in kinetie anergy of the
particie, L = AK. I the resultant force is conservative. we also knaw
that the total cnergy of the particle does not change, AR + 84U = 0. In
this case, which of the following statements 1s torrect?

The work done by the resultant conservative force ig equal to

the change In the porenticl energy of the particle. W = pl

the change in the total energy of the particle, W = AE

the negative of the change in the total energy of the
particle, W = -AE

the negative of the change in the potential energy of the
particle, ¥ = -0

2. Which of the following describes the action of a conservative
force?

A. A block of wood slides dovn an inclined plane with uniform
spoed.

B. A cork is pushed uvader warter and then released to bob up to
the surface.

€. A meteor enters the abmosphere at high speed and succeeds fu
reaching the ground without burnieg wp.

. A rock is thrown vertically upward from the surface of the
noont and aliowed to Fall back down.

3. Let the velocities of a parwicle ar positfons x, and x be vg and v,
respectlively.  1f the totsl energy E at x, is (1;2)mv02 + p{4g) and the
particle 1s sublected Lo a vongervative forcs, phen for the position x,
the expression {1/2)mv? + U{x) is the equivalent of .

A, E+ W

B. E + AU
€, E+ 8K
B. E
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S

Two particles of equal mass sre rel: sed from top of an incline making
an angle of 30® with the horizontal. Particle one falls straigbt dows
and particle two slides down the Incline, both reaching the same zero
level. ¥Neglecting Friction, find the ratio of the work done by the
gravitationzl force on particle one to the work done by the gravita-
tional force om particle two.

A. B.5
B, 2

£. 1

D 0.866

INFORMATION PANEL " Conservation of Energy

OBJECTT/E

To apply the principle of the conservation of energy to the solution of
aumerical vrevlems in whick it 1s dirscikly involved.

The privziple (or lsw) of conservation of energy states that In any isolated
Gystem, repardless of the changes that may occur within the system, the

totnl energy of the system remains constant., Constency implies that energy
may Lo transferred from one part of the system to another, but that 1t cannat
be created or destroved. We know of no energy fenarators, only energy con~
verters., The destruction of en._.gy sppears to be impossible. ¥hen enargy
seems to disappear, we always find that It has been merely transferred clge-
»“where and can always be accounted for.

next page




continued

1n systems where oniy congervative forees zet, the conservation principle
may be written as:

¥ 4 U = constant

in which K = kinetic energy, U = potential energy¥. and the constant is
called the total mechanical energy of the s¥srem. Any loss of kipatic
ensrpgy that occurs results in a gain of an equal amouat ol potencicl
energy, aand vice versa so that

AU = AR
thus AR 4+ AL = 0

When one or more nomcongervative forces are present, the total wechanical
energy E of the system is nri eonstant, but changes by an amount equal to
the work of the nonconservative force on the system.

The problems associated with this section are all based on the conservation
of mechanical energy. hence involve only cons rvazive Forces, You may
assume [Or thesa that aoncdanservectve forces are absent or that their
effects may be ignored, You will be expected to be able to determine

{a) the maximum height of ascent of a Vertically projected body
with the help of the gonsarvation principle;

() the height to wh'ch 2 roller coaster with a given initial speed
will rise as it zlimbs a1 incline:

{c)} determine the speed of a pgiven pendulum bob a5 it passes through
the lowest point of its swing.

" PAruliToxt Provided by ERIC




3, A roller coaster moves at point A with speed vgy. At point B, the
coaster moves with speed (1/2) vy. Assuming no frictionai losses, what
is the height of point B above point AT

i\. 3 v92f3g

B. 7 voi/8g
€. wvoilég

D, 5 vy?fég

6. A ball of mase 0.5 kg is thrown from ground level vertically upward
with a speed of 20 mfsec. Use conservation of energy to find the maximum
height, h, attained by the ball,

7. A pandulum bob is released from a height h = 30 cm with a speed
v, ® 2 nfsec. What i3 the speed of the bob vhen it nasses through the
lowest point of 1ts swing?




6 SECGMENT 8

8. A particie of mass m starts from rest at point A.and slides down
to point € without leaving the track. Neglecting frittion, find the
ratie of the speed of the particle at point B ts its ‘speed at point €,
if the beight of 8 abhove £ Is h and the height of & above € is 2h.

A, V2
B. 2
C. V12
D, 172
IRFORMATION PANEL Potential Enerpy When the Resultant Force Varies :

0BJECTIVE

To solve potential energy problems in which the force that produce: the
change in potenrial energy varies with the configuratinn of the rvitem.

In one dimension, say, along the x-axis, the change in potential energy
&Y is related to the component of foree along this axis F(x) by the :
equation: 5

X
47 = -Jﬂ Flx) dx
x

This relationship may also be written in the forms

Fix) = ~ .4 uix)
dx

ﬂ“)

next page
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SECMENT 8 7

continued

The second form is easily verified by substituting it in the first
cquation; an identity is abtoinad., Clearly, we ean alse write this
Last expresrion ase

dulx) = ~-p{x) dx

in many sltuztions, the foree F varies with its positien along the

cliogsen axis, that is, F is 2 function of x. When you encounter a problem
of this type, s8ll tnat is required is that You set up the general egquation
you need and substitute the given ldentity for F(x). Far example, suppos2
that you are tpld that the forece is related to its position along the
x=-axis by:

T o= kx?

in which % is 2 constant. To find the change in the potential energy of
a particle to which this force is applied, from some referenca pusition
Xg te a new position x, you would write:

dU = - (kx’) dx
and then integrate between the pesitions x and ¥,.

Generalized expraessions for forces that vary in two aud three dimensiIns
are alsc derived im Your text. In this section of your work, however,
you will pe dealing with ore-dimensional problems gnly. You pre expected
to be able to solve problems in which You are to find

{a} the porential energy of a parcicle located 8t some arbitvery
point on the axis being considered, glven the way in which the force
varies witl position on thi!s axis;

{b} the x~component of a Furce that raries ir two dismensions, given
*he relationship between this force and the codsequent potential energy
it produces,

9. For 2 foree
F = ~ky

vhere k ig & constant, and for the choice U = 0 at ¥ = ¥, what is the
potential eneigy U(y) of 2 particle located at an arbitrary po ut v?

P
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16, The potential energy corresponding tp & certain two~dimensional
foree is

Uix,y) = % k(x® + y%)

where X 1S a constant. The x~component of phe corresponding force is

A ~k{x? + 97y
B. kx?

¢, ~kx®

9. k(O + ¢

11, A particle is subject ro a force Fly) = -mg. If rhe potential
energy of rhe particle I8 zere ai the origim, U{0} = @, what is the
potentisl energy U{y) of the particle as a funcrion of ¥7

12. For a force "
Fl{z) = = =5

X

where & 12 8 constant and for the cheice of U= 0 ar x = ®, what is
the potential energy U(x) of a particle locared at an arbitrar¥ point x?
k

4 k 2
ﬂ- % B. ;“!‘ C‘ " ; D. kx

INFORMATION PANEL Energy in Springs

OBJECTIVE

To apply conservation principles ro the Solutfon of spring problems in
which kineric energy and potential energy are involved in ideal (frie-
tionless) systems,

The problems found in this section require rhat you recall and apply the
fallowing fundamental relationships:




SEGMENT R
continueq

1. In at ozeillating spring asystem isolated from external forces,
the total energy remalns constant and ig always lostontaneously equal
te the sum of the kinotie energy and potential energy of the system at
that 1lnstant, or: :

E=XK+0D

2. The force required to compress or stretch a spring is propor-
tionzl to the comoression or extension, i.e.,

'fapp = R

where k ig defined az being the spring constant. The potential energy
of the spring is therefore
yed ket
2
ir which k I3 the spring constant and x is the displacement of the end
of the spring from its Zevo reference pesition.

3. When a spring is compressed or gtretched a5 2 result of the
tranafer of energy to it from a moving mass m having & velocity v, the
conservation principle may be written:

I SPY, S
E 5 me* + 3 fex

where E 1s the constant. total energy of the magsS-spring system.

In this section, you will pe asked to golve Problems in which you must
deeerming’

{a} the height from which a mass must be dropped gnto a spring
in order pg produce a glven compression;

(b} tha kinetic energy of a mass on & vibrating spring when the
total energy and potentlal estersy at a glvem Llnatant are known;

{£) rthe maximum displacement of a mass on a vibrating spring given
the spring constant znd the toital energy of the system;

(¢} the maximum compression of a given spring afrer bDeirg struck
by & glven mass moving gt a given speed.

13, A ball of maes n 1s dropped from rest onto a spring with spring-
conatant kK. The maximum conpression of the spring is x. Flod the height
above the (uncompressed) spring frem which the ball was dropped, assuming
no friction at the time of impact.

As (kxzﬂmg) - K
B, (kx2/[lwg) + x

C. & -
T
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17. A particle of mass ® 15 released from the top of an inclipe as shawn
in the figure below. AL the bottom, 1t comPresses 2 spring by in amount

indicated as x. The spring constant is k. Find the heignt h from which

the particle is released, Neglect function.

— v i

et W Smm A et chmmn e P

A.%"«g

X

INFORMATION PANEL A Composite Problem Using Conservation of Energy

OBJECTIVE

Te gselve a preblem in which the principie of conservation of energy is
combined with gentripetal forge. :

In the gystem illustrated in the accompanying diagram, a bdleck 1s placed
on A fricrionless inclined rtrack and released so that it slides down the
track into a8 inside leop. 1f

it is not placed high enough
apove the reference surface, it
will start the loop but fall off
before it rearhes the top. If

it is to successfully negotiate
the loop and rontinue an its

way, there is a definite minimum
height at which it must be placed
before 1t is released, Let's ralk
about this problem with a2 view to
itelping you pet started on it.

You are glven the mass or weight of the block and the radius of the loop.
When the block passes the hortom of the loop just as it comes off the
incline, ic is woving ar some specific speed, but the speed must decrease
as it beging to elimp the far end of the loop against gravity. The loop

next page




12 SEGMENT 8

cont inued

ts rigid and presses inward on the block, providing the centripetal force
needed ro force it Into circular moticn., The lowest velecity to which the
block will be reduced is the velocity at the very top of the loop. what
physical situstion must obtair ot this point if the block is ret to leave
the track, falling downward? Think about this Lefore continuing.,

1f the velocity of the Block at the top of the loop I8 less than a certain
critical value, its weight will he greater than the centripetal force
required to keep it moving in a loop of the given radius. In this case,
iz will gimply leave rhe track and fall back to the surface. Thus, ff it
is pet to lose contact with the tragk, irs velocity must be greater than
this critical value. Stated otherwise, itg veloeily must ba such that the
eentripetal foree meeded to make it move in a cfrele of that pariienier
radius 1o equal to or greater than tae weight of the bloek. This is all
the clye you gshould necd Lo get started. Set up the expression for cen-
tripetal force in rerms of mass and velecity, then equate this with the
welight expressed in rerms of mass and gravitational acceleratlion, Leok
for a way to get the kimetic energy of the block into the picture after
you have done this,

@

R=10§t

1

775 — ; , e

Compute the minimuwm hefght h from which a 10~-1b block can be releaged,
in order that it will go around the loop without losicg contact with
the track. Assume a frictionless rrack.




SEGMENT 8

CORRECT ANSWER: 0.78 3

The svstem is conservatfve and the principle of conservatlon of energy
holds:

E=K+14

where total ¢nergy E is 3 constant, Scbstlituting the data 1.28 j =
K+ 0.50 3, ve obtain K ~ 0.78 §.

CORRECT ANSWER: 3.14 nfsec

1f we take the lowest point as the zero~g¢tential energy point, the bob’s
total energy at release is E; = (1/2)mv,? + wgh, This must be equal to
its total energy when it passes through the lowest point of Its swing,

Ep = (1/25mv2. Equating E; and B¢ and solving fqr v, we obtain

1

ENVZ ,%,,,woz + mgh "

v = /voz + 2ph

- J(2 + 2¢9.8)(0.3)

= 3,14 m/sec

Botice that this 18 the resplt when the pendulum bot fs initially moving
elther clockulse or counterclockwise.

CORRECT ANSWER: C

The gravitational forece fz conservative, therefore, the work done is equal
to negative of the chamge in potential energy. In other worda.

M o= <Ay

In this problem the AU {8 the sawe for both the particles, therefore, the
ratio of the work done is one.

TRUE OR FALSE? To arrive ar the stafement W = ~AU, one must apply both
the principle of conservation of energy and the work-energ¥ theorea.




SEGMENT 8

CORRECT ANSVYER: A

Initially, the kinetic erergy of the ball is zero. 1If we define our rero
of gravitational pstential erergy to be the "ground” leval in rthe zecom=
panying diagram. the potential energy of the ball is mgh, where h is rhe
unknowvn heéfght above the spring. The uncompressed spring has zars
potential energy. Tharefore, the total initial energv is

Ef = U+ Kg =mgh + 0 = mgh (1)
In the final configuration, the ball is momentarily at rest (zero kinetic
enerpgy). The potential energy due to gravity is mg(~x) because the bail
is below the "ground" level. The spring now contributes a potential energy
of {1/2)kx? due to its compression. We have

Bp = Us + Kp = [og{~x) + (1/2¥kx?] + O

= ~mgx + (1/2ka?

O

3.
|

GROUND LEVEL

e

GROUND LEVEL

INITIAL

Congervation of energy, E; = Eg, gives

mgh = -mgx + (1/2)kx?

2
h = k. - X

Ing

TRUE OR FALSE? As it turnms out, the height from which the ball is
dropped is direct}; proportional to the compression of the spring.




SEGMENT 8

CORRECT ANSWER: B

Applying the law of conservatfon of energy:

«% myd » mgh

)

where v is the speed of the particle on the flat part of the track.

Similarly, the energy relationship for the particle and spring system
b -1

L w2 el .t
5 mvs = 3 kx {2)

Combining (1) and {2) end solving for h ylelds

h w35

TRUE OR FALSE? After the ball Passes the botfow of the {neline and

while it moves along the flat part of the track, its acceleration is
ZeYo,

CORRECT ANSWER: D

The force of gravity is a conservative force. Singe the moon has no
atwosphere, friction is not operative during the rock's flight. When
the rock returns te the height from which it wag throws, it will have

its initial speed and the kinetic enmergy will also have its ifnitial
value.

} In general we lock for dissipative forces (usuelly frictiomal forces),

; which will convert some, or all, of the mechanical energy iuto thermsl
epergy (heat}, light, or sound which, for practical purposes, 18 not
recoverable., Such forces are non-conservative.

When & rock {s throwm near the surface of the Barth, the process is not
conservative unless ailr resistance s neglected. Although the gravita=-
tional force is conservative, the force due to Iriction iz disgipative
and the resultant force i3 therefore dissipative. Angwers A, B, and €

tnvolve frictional .forces and are therefore not desecriptive ef conserva~
tive forees.




CORRECT ANSWER: €

Uaing the principle of conservation of mechanical energy, tha Speed at
points B (VB} and the speed ar point C (“c) may be ¢omputed from

3 mug? = ugh ¢}

ang %.mvcz = wg{2n) (2

Therefore the ratio

TRUE OR FALSE? At point B, the kinetic energy is smaller than the total
energy of the particla at that tnstant.

CORRBECT ANSWER: D

The forces are conservative, so the total energy at x is equal te the total
enefgy at x,. Hence,

Total energy at x, = -;- mvg? + Ulxg) » E

ae thar

total eneYgy at x » %-mvz + Uix) = &

Hence, the tptal energy at x * §, Clearly, answers A, B, C all have an
Incorrect additive on the right side of the eguation,

CORRECT ANSWER: D

When conservative forces ave involved, the total energy is conserved. Thua,
AE = 8K + AU = 0, and AKX = -AU. Then, using the wovYk-energy theorem, we get,

W ow AK = ~AU ‘§

TRUE OR FALSE? The statement 4K + ol = O is the equivalent of the statement
K+ U= conatant for a congervative oystem.
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CORRECT ANSWEE: 20.4 m

We choore dsur sero level of potential prergy st the position Erom which
the hall wag thrown. Ips total energy at the ligtant it leaves the
ground consigts entirely of its initial kinetic energy, (1/Zimv,?,
Similarly, at the instant the ba.l attains igs maximum helght its total
energy Is potential, mgh. Using congervation of energy we cbrain

e« & wvg?

which gives

W Jo? L QWE . s00
R e " Tx9.8 To.g " 04w

In general, for a single particle in a gravitational fleld, eguating
initizl energy to final energy yieida

gyp + % wvgd = mgy + % v

from which
P =yl - 28(y - o)

Thiz equation should be familiar te you from kinematics,

COBRECT ANSWER: 0.8 m
At either end of the swing (x ® Xg,.) the speed of the mase is womentarily
zero, so the total energy of the mass-spring system (1.28 1} {2 potential.
Thus, .

U-%k{xm“ Cmp)* = E o= 1.28 §

and the distance from the equilibrium position

s.w-%.ﬁ_’é. AL . [GE - 0.8m




CORRECT ANSWER: 25 f&

At the top of the loop the block must have & velocity such that the
sentripetal force required to make 1t move fn a circle is at least
as Breat as the vweight of the block. It can, of course, be greater,
glnce the track caen provide g1l the additional force required. We
myst, then, have '

Sut from conservation of energy (no friction)

\ \
%w mglh = 2R}

Combining (1) and {2) we obtain
aglh - 2R) 2 2

R . 2R
B2 2R+

W2 2§t

TRUE OR FALSE? W#hen the block i® az the highest point of the loop,
the centripetal force must be greater or equal to the weight of the
block,




CORRECT ANSWER: B

The Initlal state consists of 2 moving block with kinetic suergy
and an uncompressed spring with Zevo potential energy.

INITIAL

The totsl enerpgy initially {is

3
Ein-z—mz

The final configuration consists of the block momentarily at rest, and
the spring compressed an unknown distance x. We have

1,2
EE“ERX

Kow since energy is conserved, Ej = Ep, which gives

2 o B2 or X w By
¥R K

CORRECT ANSWER: A

Mechanical energy is consérved. Taking the fnitial potential energy t¢ be
2ero, we have % = (1/2m 4%, Equatieg this to the total fimal energy,
kinetfc plus potential, we gbtain

2
%’*mvoz -%n(;—g) + mgh
The resulting exprassion for h is
L (Lfve? ~ (178)wg® = 3,2
g 8g

TRUE OR FALSE? The in{tial total energy of the roller coaster is partly
kinetic and partly potential,




20 h SEGMENT 8

[a] CORRECT ANSWER: U(y) = mgy
in one dimegsion we Have

« . dU{y
F(}’) Mé;.x—

or
g = - F(y} dy (1 N 3

When integrating equation (1) remember that

U(y) ¥ ¥
f dif = —f F{y) dy--f mg dy
() ) 0

ar

ki 2 b

¥

U(y)} - ¥(0) = -~ mgy » mgy

[ era)

0

Since U(0) = O,

vy} = mgy .

Im‘”" axretn]

[b] CORRECT ANSWER: €

The force in two dimensions is given by

Fu-R 7y _ 30>
¥ axi-ayj (1)

PN mm-m;

In the computation of M/ox, y is treated ag though it were a constant.
We have

but since 3x3/0x = d(x3)/dx = 3?2
and a(y®)/ax = 0 !

then P w ~ %— k(3x?) = ~kx?, the answer to the probles. ? :

. e ke )
|




CORRECT ANSWER: % k(y? - yo?)

we find :
dU w - F dy

Integrating between the points y, and ¥,

wy) y
f i = -f P dy
U{yo) Yo

Usgding the given data F = = ky and U(y,) = 0, we fiad

2 1y
v = 8- =deg? - 5t

2 Yo

TRUE OR PALSE? According to our established symbolism, the force F
in this problem is confined to one dimension,

Fix) = dx

we find k
di w - F(x} dx-;-rdx.

Integrating from the polnts x = = to X -
U(x) L
dl = -5 dz
U(es} o ¥

U(x) = ;—‘t

Note that U(=) » {

TRUE OR FALSE? The potential energy of the particle as x approaches = ig
legs than k but greater than zero.
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BECMENT 3

INFORMATION PANEL The Coordinates of the Center of
Mass of a System of Partirles

OBJECTIVE

To tecognize and apply rhe fact rhat the position of the center of mass
of & system of particles 1s independent of the coordinates used to
describe its location.

Youy assigned reading will ultimately carry you to the statement:

The center of mass of o system qidpart£33es depends only
on the mrsges of the partioles and the positiom of the
particles relative to one anotiior.

One dmportant dmplication of this statement 1s that the orientation ar
position of the axes does not affect the position of the center of mass
relative to the particles., Consider
the threa particles in the upper dla~
gram at che left. These particles
have relative magses of 1, 2, and 3
respectively a8 indicated. Using the
accepted method for determining the
ég coordinates of the center of mass, we

can urite:

g o W+ QOO+ BN, ,
om T+2+3

7 (L)€2) + (2)C5) + (4
14243

Yem *

In the lower diagram, we have Yedrawn
the system with a8 new set of sxes so
that the particle of relativa mass 1
1s now at the origin. Once again
writing the coordinates of the center
of masp, we have

_x_' o L0 + (2)(6) + (33(8) _
om 1 +24+13

oo = L1L0) + (2)(3) + )2 .,
e 1+42+3

next page
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continued

Compare the two dlagrams and observe that the center of mass in each one
is identically lotated relative ¢ the syaten of pariieles. Despite the
fact thae the particle of mass 1 is scuarely on the origin and se has
cpordinates of (0,9}, it still enters into CLhe calculation of the cenrer
of mass. Note that it does contribute to the denominater of the fraction
altliough it dreps out of the nmumerator in both the evaluations.

To handle the problems In this group, it will be necessary for you to

{a} locate the center of mass of three particles, two of which
lie on rthe x-axis;

() write an expression for the x-coordinate of the center of mass
of two particles in general formg

(e} determine the coordinaotes of the center of mags of an asymmetrical
body in two dimensions.

JPROBLEMS

1. The coordinates of the center of mass of the System shown in the
figure are

- -~ Qm=4ky a; y=1.33 »
0.258; yvwa
a; y=0.75a
0.758; w=a

B = -




SEGMENT &

2. Consider the center of mass of 2 system of two particles my and mp
lving aleng the x-axis at x| and Xy, respectlvely. Write an expression

for x,,, the x-coordinate of the center of mass of the two particles.

3. What are the coo¥dinates of the center of mass of the system shown
in the figure?

2a; y =g

0.9 a; py=1l.la
a; y=a

0!33 ﬂ.; y L |

4. A plece of 3/4 {nch plywood has been cut inte the shape shown. If
uniform mass density and
thickness are asgumed for

Y{#t) this plece of wood, then

the center of mass {s

located at the point

(0.9, 1.0)
(1.3, 1.1}
(0.9, 1.7}
(L.0, 1.9)




SEGMENT 9

5. A plece of /2 inch plywoed has been eyt into the shape shown, If
uniform mass density and thickness are assumed £or this plece of wood,
what are the Copordinates of irs center of masg?

*5
{~0.75,4.5) {0.75.4.5)

! By

INFORMATION PANEL $=2 The Movement of Center of Negs

OBJECTIVE

To Correctly anal¥ze problems involving the movement of the ceater of
maas of & aystem of Particles subjected vo internal and/or externsl forces.

Since the baslic definition of center of mass commits us ro thinking of it
as a point where all the mass of a body may ba considered to be concantrated,
ir follows from Newron's second law that

The venter of mase of a systen of partieles i3 o point phich
moveg ag though the total mase of the system {8 eoncentrated
at that point and 19 subjeet to a foree equal to the resultant
of all external forces on the sys ...




continued

fupreso & peffeetly aymmetrical hollouw ball containing a compressed
arrin: 18 made up of two segments ficted Nofether. Suppose further
toot the ball is dropped vertically downward from the top of a bridge
an! that the spring 18 timed to decompress after the bali has fallen
part of the way down, blowing the segments apart, The force axerted
by the spripg on the segments is an internal one it must be zccom-
panied by a remction force which makes the net force on the segment
svstem zere, Al internal forces have this charasteristic, hence the
enphasis on eriernal forces in the ftalicized statement above. Thus,
internal forces cammot affect v motion of the center of mass of any
svstem of moving pavrticles. 1n this example, the twe fragnents of the
ball would follow trajecteries such that the center of mass of the two-
fragment system would continue to fall giraight doum as though the ball
had wmod blowom apart at @i, Note that nv mention was made in the
descriptien aboul the relative masses of the two fragmenis, The
apparent disregard of the center of mass for internal forces applies
equally well to a pair of fragments having # mass ratio of, say, 10 to
1l as it does to a pair of fragments wf equal mass., The only external
force acting on the system—-whetheriintact or segmented--is the down-
ward force of gravitation so that the center of mass will have an
acceleration equal to 7 just as the whole ball would have had if ¢t
Liad pot come apart.

It is left as a thought exercise for you to visualize the difference
in flipht pattern of twe equal-mass fragments as compared with two
fragnents of unequal mass.

All of the problems in this set require that you be able to recegnize
the differences in effect of internal and external forces acting on 2
gystenm of particles.

6. Two masses on & table are connacted by a rubber band. A constont
forece of 50 nt is applied to the right msags as ghown. The coefficient of
kinetic friction between #ach wass and the table 18 ¢ = 0.2. The left
mass is 10 kg ond the right mass fs 15 kg. What {3 the acceleratlon of
the center of miss wheno both masses are moving te the righe?

ry
ko 15 kg 50 nt

S T X A A 4 B i peelt | A.J.I'!ll!‘f
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SECMENT 9

7. A weightlifter's barbell ia asccidentzlly yaleased From the cargo
hateh of & moving alrplane. One of the weights separates from the bar
in midair. Which statement best describes the resulting motion?

A, The centeyr of mass of the whole barbell system will foliow
the same trajectory as the one {t would follow if the weights
did not separate.

The motlon of the pleces 1 completely randowm.

The pleces follow a path such that theiT center of mass
falls to the ground along a straight vertical line.

The motion canmmot be describad becauBe there is
ingufficient data.

8. A shell explodes (n mid-trajectory near the surfaee of the Earth.
Neglecting friction, nsme the geometric curve which describes the
trajectory that the center of mass of the exploded shell will follow
while both fragments are {n Elight,

For the eystem of masses and forces shuwn above, the sccaleraticn of the
center of mass 1s

A. 22,5 m/sec? rowards leit
B, 37.5 mfgecz towards right
€. 5 m/sec’ towards left

D. 15 mfsec? towards right




10, Three masses on & table are nonnected by springs as shown in the
figure below. A constant force of 50 ne {s applied to the extreme right
mass as shown. The coefficient of kinetic friction between vach mass
and the table 18 m = 0.2. The masses of the blocks are 2 kg, 5 kg and
10 kg a® shown in the diagram. What is the accelerstion of center of
miss when all the masses ave moving ro the right?

R TR 0000 10 kg —




SECMENT %

{a] CORRECT ANSWER: Parabola

In this situation., the net external force on all the particles is equal
to the welght of the whole gystem. Therefore, the center of mass of the
fragmented shell moves as though 1t wore the cénter of mass of the Intact
gheil., Its trajeectory will be parabelic hecawnse the internal explosive
force camnot affecet the motion of the ecentsr of mass.

CORRECT ARSWER: 4 om/gec?

This problam looks muckh more difficelt then it 15. The acceleration of
the center of mass is Jjust the nst external force divided by the rotal
mass. The rokal mass is 25 kg. The ner exterual force is rhe appliad
external foree of 50 nt minug the frictional force eXerted by the table.
The tota! frictional fores is

f=ull e umg = vmglmy +mp) = 0.2 x 9.8 % 25 » 45 pnp

Hence, the net external force ig 50 - 4% = 1 ne, from which we obtain
an acteleration

1 .
a= Eg'f& = 0,04 mfsec? = 4 cm/sec?

The answer 38 independent of the $peed of sither mass {both moving o

the right), If either wmass were stetienary or moving in the opposite
direction, the fricrtional forces would be d1fferent from those caleulated
above. For moving blocks, we have to take into account that the friceipnsl
forece i3 alwa¥e directed opposite to the velocity. If & block is stationary,
ve must use U, instead of py in our caleulations.

Note that the forces exerted by the rubber band on the masges are internal
forces. They must be taken 10to account when [rae-body diagrams are
drawn for the gwo masses. but they do not affect the wotlon of the center
of mags.

TRUE OR FALSE? The rubber band may be replaced by a massless string
withott chanping the aceceleration pf the center of mass.




SEGMENT 9

CORRECT ANSWER: 1B

By definition

p I
. .3 1¥1
on ay
i

Thersfore

w 0.5

< DX P YN L (0)  (350) + (5)(a)
m +my +om, 243+ 5

Y PRy, tm

Y
3
3. L0 + :3:;2:1; 2163 SR

Yem M +m, tm, 2+

Notice that although m; does not contribute to I m,F, (eince ¥, » 0),
it must be included in I .

TRUE OR FALSE? 1f &) 18 made 1 kg instead of 2 kg, it may then be omitted
from che summations.

CORRECT ANSWER: A

Before the pieces separated theré were internal forces exerted by the
pieces on each othey. After the separation there is ne interaction
hetween the separate pleces. However, as far as Newton's second law

is concerned, the situation has not changed. The forces befove geparation
wvere internal, action-reaction forces and by Newton's third law their
resultant was gero. Therefore, the net external force on the whole

systenm hag not changed with the separation.




SEGMENT &

CORRECT ANSWER: (0.0, 1.0)

Divide the given piece of wood Into two pieces: one square of area 9 £t2
and another recrangle of area 4.5 ft¥. The centers of mass of thase pieces
ave located at the points ¢ » {0,0) for the square and ¢, = 0,3} for the
recrangle. Since the plywood ip of uniform thickness, the magsses of these
two pieces are my = 92 and m, = 4,55 where p ip the assumed mass per £t?
and w) and wy ar2 the masses of the square and the rectangle, respectively.
Tne total mass of the given plece is M = 13.5p. The problem now has been
reduced to finding tha center of mass of two particles of wmass oy and m,
located at ¢, and ¢, respectively.

_ (% % 0.0 + 4,50 x 0.0) _
Ao e 0.0 ft

< E% *x 0.0+ 4.5 % 33
Yem 5 % 1.9 f¢

TRUE OR PALSE? In a problem.of this type, the pesition of the center of
mass can be described only by giving at least three coordinates,

CORRECT ANSWER: (m x| + m,x,)/{m; + m,)

The masz~weighted mean of the positions of n particles 1s the centar of
mass of the system. The x-coordinate of the center of mass Xep 18 glven by

Thus, for the two particles in this question

mx +m@mx
R S SR -

ml + ma




CORRECT ANSWER: D
By defioition,

Ej:mixi ?miyi

x o and ¥ EY
i z - cm ‘i} e
i

P T TS (0 ¢ () 4 (6@ o g g

W

X
om
my +my 4 omy 24244

+ +
¥ T Y T B (23000 4 (M) 4 (83, ,

b4
= ) b om, b omg B

- -
Notice that, although m, does not conmtribute te & myry {since T, = M,
it must be Included in é .

TRUE OR FALSE? (me of the 2~kg masses has 2 y-coordinate egual <c.a.

CORRECT ANSWER: 0.98 m/gec?

The acceleration of the center of mass fa the net exrernal force divided
by the total mass. The total mass is 17 kg. The ner external force is
the appiled external force of 50 nt minus the fricrional foree pxerted
by the table. The tetal frictional force is

F=uN=kglm +m, + ;)
= 0.2 x 9.8 m/sec? % 17 kg
« 33,32 nt

Therefore, the accelerarion is

w5088~ 33.32 0% | 4 g n/sect

%em i7 kg

TRUE OR FALSE? In this preblem, the frictior due to air resistance hae
_ been ignored,




tal
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CORRECT ANSWER: C

%he center of mass of 3 system moves In the same way that a single particle
of equal mass subject to the same external force would move. The resultant
external force Is F = 30 nt te the 1efr and the toral mass {s w, 4 m, = 6 kg,
Therefore, the acceleration of the center of mass is

e m
F_=01nt
m

= =5 1 atfkg = 5 m/sec? roward lef:
6 kg

CORRECT ANSWER: C

We shall present two ways of solving this problem. Dne way is to divide
the given pilace of wood inte
two squares of area 1 ft® and
4 Er?, respectively. ‘The
centers of mass of these square
pleces are located at the points
3 C, = (0.5, 2.5) and ¢, = (1,1).
Since the plywooad 1z of uniform
e| density and thickness, the
masses of these tWo Square
pieces are respectively
m = ip and ", = 4p, where p is
the asgumed mass-per-uplt-arxea.
2 The total mass of the given
pliece is ¥ = 5p, The problem
now has been reduced to finding
2 the center of mass of two
particles of mass n, and @y
located at ¢, and C,, respectively.

ﬂ-h

Am =g 0 x 0.5+ 40 x1) s BIEE g

5
and
ycm-_gg_(px 2.5{-5[_))&1)‘—%‘&"&*‘1;3 fr

next page
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continved

Another way to d0 this ovroblem 1s to view this boatd as g continuous
eblect and use the

4 equlvalent tneepral

' expressions for locating

3 the center of mass, Thus,

1
xmwg‘[x dm*%fxdi\=§*fxy dx

The value of v i3: .

y=3forBIxgt 1, and

y=2fort<xi2

Therefore,

w B3 2 " 2 .2 I’
5;3[2 {x)o ""i‘{X)‘

1
-*§|1.5x{1—0}+(&-1}l --l*s-g-t—svo.gf:

In a aimilar fashion

1 L
ycm"ﬁfydmwﬂfyxdy

X*2fr 03y
x=1lfor2Zly

Therefore,

. 2 3 M2 2 1,208
Yem [2I° Yd?"'J.’YdY} '3"5(3'3‘ *3 }L
& »
“sle-orosean] K23

The latter method 1s, of course, more tedious. if, however, the piece of
wood could nor be divided into gimple symmetrical parts (consider a semiw
circle for example}, the integral method would be the only pne that gould
be used,

TRUE OR FALSE? The pasition of C; and €, in each square of wood in the
first solution mey be determined by symmetry considerations,
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SEMMENT 10

ISTORMATION BANEL The Momentum of & Particle

OBJECTIVE

To state and interpret the definition of momentum; to solve descrip-
tive and numeriesl problems involvieg the mwomzutum of particles with
constant mass,

Although the word "momentum™ appeared in-the literature of classlical
physics subsequent to Newton's statement of his laws of motfon, it is
evident from his writfogs that he recognized the product of mass and
velacity as an important physical entity, In his statement of the
secomd law, he refers to what we now gall momentum as the “gquantity of
motden” of a bodv., Since the word “quantity" is broad in meaning,

the phrase "auantity of motion" is vague amd unsarisfving.

Let's try ¢o clarify its significance with the help of a simple example.

A steal block rests on 2 horizontal wood plank with its center of maas
directly asbove point A. An exper~
imenter, for reasons knowan only to
himself, wishes to have the block
moved Lo position B bv permitting

IMPACT some other object moving roward
—_— e the block from the left to collide
t with ir. He hag avallable to him
e '” L only two things he can use: a
A hammer with 8 very massive head
and @ number of differeant car~
tridges together with the rifle
that can fire them. Ile decides to strike the block with the hammer and,
after a number of trials, find the speed of impaot required with that

particnliar hammer mags to successfully move the block of steel from A

to B. In the gecond part of his experiment, he trfes various bulletk

sizes and speeds until he finde one combination, szy a .22 caliber

glug with a definite muzzle velosity, which produces exactly the same

metion of the block when allowed to strike it horizontally from the

left, FHe pow concludes that the hammer and the bullet had the same
guantity of motion because they both produced the same motional change
in the steel hlock. Thus, despite the crudity of the experiment and

the pobsible hidden variables that may be present, he has explicitly

defined guantity of motion in termg of the effect it has on another

abiect,

next page
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SEGMENT 10

continued

It is clear that both speed and mass must enter into a judgment of the
quantity of motion possessed by the moving body. From the preceding
example, it can be shown that quantity of motion, and the product of mass
and velocity are equivalent, Using p to represent quantity of motion

or moveRtim:

Phammer = W and Pruller = W

in vhich we have used upper and lower case letters to symbolize large
and gmall quanrities, respectively.

Thus, momentim iz an entily comprising 4 mass term and 4 velocity term
i the form of a product. Two moving bodies (i.e., a massive hammer and
a bullet of small mass}) caf be given the sane momentuwt despite the mass
disparity by giving them the correct velocities.

Since mase is a scalar and velocity i3 a vector quantity, the product
18 a vector, hence the definition of momentum should be written:

¥+ -+
p = mv

In the British system, the unit for momentum is the slug~ft/sec. In

the MKS system 1t is the kg-m/esc. In problem work, caution in unit
conversions musSt ba exercised to be sure that the dimensions of momentym
are properiy expressed.

All of the statements regarcing the momentum ©f a particle apply equally
well to real bodies when all the mass of the body is considered to pe
concentrated st the centar of mass.

When solving the problems in this ser, you will be asked to

{a) detepmine the momentum ¢f an objuet with given mass. 1In this
problen, you will want to find the velocity of the body by applying the
given data in the law of conservation of energy;

(b} solve a simple momentur problem involving umit conversions;

{¢} determize momantws by first finding the velocity of a bedy
from 8 knowledge of its kinetic energy,




SEGMENT 10

PROBLENS

1. A 2-kg block sildes along the frictionless track shown in the figure.
If the block's speed at
— point A is 10 m/sec, what
B P i8 the momentum in kg-misec
Sm of tha block at point B?

2kg
[
-
A

2. A 3200-1b agutomobile 1s heading north at a speed of 50 Er/sec. Its
momentun if a vector directed north with a magnitude of

A, 160,000 1b~frfsec
B. 160,000 slug-Ft/sec
€. 5.000 stug~fr/sec
B. 5,000 lp-fifsec

3. A 2-kg block siides with constant velocity down an inclined plane,
The kinetic energy of rhe block 1s 16 joules. Whar 1s the magnitude
of the block's momentum in kg-m/sec?

4. A particle of mass ® = Z kg slides down a track to enter an fnside
lcop of radius R = 50 cm shown In the £igure below. Without losing
concact with the track at any time, it starts from rest at point A,
What is its momentum at point B, Neglect friction.

A

h {2 meters)




4 SEGMENT 10 -

INFORMATION PANEL Momentum of a System of Particles

OBJECTIVE

To extend monentum >ontepts to the solution of preblems ifnvolving
sydtems of particles.

A careful analysis of the behavior of 2 system of particles shows that
the total momentwm of a aystem of particles may
be found by multiplying the total mags of the
syetem by the veloeity of the center of mass of
the syetem.

or
- -
P = M"em
tn which P = the total momeatum of the system,
1;1 = the total mass of the systen,
Vop ® the veloelty of the center of mass.
This problem section involves:

{a) a determination of the velocity of the center of mass of ;
a system given the momeotum of the system: ¢

{t) finding the resultant momentum of a pair of particles by
the method of vector addivion;

{e) a determinacion of the direction of the pet momentum of a
given syatem of particles using vector maethods.

iz

fumrrar

v

i




SEGMENT 10

S. Twe particles of magss F kg and 3 kp respectively, are moving wich a
speed of 10 mfsec due east. A third particle of moass 2 kg is moving

with a speed of 25 w/sec due north. Determine the velocity of the center
of mags, ¥, of the system of three particles.

A. 10.1 m/sec at 45° ¥ of E
B, 20.2 mfsec at 37° N ef E
€. 10.1 mfzec at 37° ¥ of E
D. 20.2 nfgec a2t 45% N of E

6. TwD bodles In a System have masses 8 kg and 12 kg and are moving
with veloeitiss 10 m/sec at £0° north of east and 5 m/sec at 30° south
of east, respectively. The magnitude of momentum of the syster is

A. 100 kp-nfsee
B, 148 ka-misec
€. 20 kg-u/sec
B. 70 kg-misec

7. & 2-kg particle moves due morth at a speed of 1 m/aec. A second
particle of mass 10 kg moves due east at & speed of 2 mfgec. What is
the direction of the total momentum of the system?

A. 18° north of east
B. 12° porth of east
¢. .8% north of east
2] 6° north of east

H

8, A system of parcticles with messes of 8 kg and 12 kg has s total _
momentum of 100 kg-m/sec at 23° porth of east. Determine the weloelty ™
of the center of mass of the system.

A, 100 m/see; at 23° north of east
B. 140 e/sec; at due norch

. 20 misecs at 53° north of east
L. 5 m/secs; at 23° north of east




9. Two particles of mage my = 2 kg and m; « 3 kg are moving with
velocities of 1) m/fsec due esst and 70 m/serc due wesk, respectively.
Detexrmine the velocity of the center of mass, Vem: ©f the systen.

A 8 misecy due west

8. 16 m/sec; due east
. 16 mfsec: due west
D. 8 mfsac; due north

IRFORMATION PANEL The Second Law in Terme of Momentum

OBJECTIVE

To utiliZe Newton's second law expressed in momentum terms in interpreting
certain physical situstions and sclving problems related to these gituations,

mphagis has been placed previously on the congtraint that mass must be
constant if the gacond law in the form

Femns

i3 to be valid. In a nusbar of cases, the mass of the systesm continually
varies so that this equation can no longer be applied. For exawmple, a8 a
chemically propelled rocket moves, it burns fuel continuously sc that its
mass correspondingly decresdes wich time. Such problems are most easily
handlad by applying momentum considerations and, for this reason, it ig
important for you to be able to apply the second lavw In momentum terms
with facility,

Fewton's expression of the second law fw Latin, when translated freely
in modern terminology reads

The rate at whish the momentum of a body changes is
proportional to the resultant fores acting on the body
and takes place in dhe direotion of the straight line
in whioh the force aots.

or

F = dp/dt




SEGMENT 10

continued

I1F the mass i{s constant, the acceleration form of the second law is
valld since

- - E — -
F = dpfdt = d{miv)fdt = m dv/dt = ma

You will flnd these formulations of the second law helpful in
actacking the problems in this section,

10. The totsl mass of a system 15 3 kg and the magnitude of the system's
momentus is changing at the rate of 15 kg-mfsec®. What is the magnitude
of the net external force exerted on the systam?

11. The total mass of a aysrem is 100 gm, and the magnitude of the
system's momentum ig changing at the rate of 1000 gm-ecm/sec?, The
magnlitude of the acceleration of the center of mass of the system {s

A, 1000 cmfsect

B, 10 ¢ofsec®

¢, 100,000 em/sec?
D, 98,000 cw/sec?

12. The total mass of a system is 15 kg and the magnitude of the
acceleration of its center of mass is 10 m/sec?. What is rhe rate of
change of the system’s monrentum?




SEGMENT 1O

INFORMATION PANEL Conservation nf Momentum

OBJECTIVE

To apply the principle of conservation of momentum to the golution of
typical problems In which this principle i{s found.

In the pravious section of this segment of your work, You made use of
Newton's second law {n momentum terms, that is

Fa d;fdt

il -
in which ¥ = the resultant force acting on the system, and dp/dt 15 the
rate of change of momentum.

ir follpws directly frem this that if the resultant force on the system
iz zero, then the rate of chan8e of momentum of the System must also be
zero, which in gurn indicates that the momentum must remain constant.

i
1f db/dt = 0, then P * comstant.

In verbal form, this cenclusion may be stated as follows:

In any system of intzraeting particles, the total
veotor momentum reraing comstant unless the system
is goted on by an external net force.

This statement implles that. although the momenta of individual particles
may c¢hange from one Moment te the next, their vector sum remaina the
same as long as no resultant force is applied.

Since momentum {s a2 vecter quantity, you must expect t0 use vector
sethods {n summing up the somenta of particle aystems, or in resolving
a given particle momentum intc components. The problems in this set
entail your recegnition of the fact that when the net external force
is zero, momentum {S$ conserved.
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SEGMENT 10 9

131, An B-ton, open-top freipght car f{s cossting at & speed of 5 frfsec
along & frictionless horizontel track. It suddenly beging to rain hard,
the raindrops falling vertically with respegt to ground. Assuming the

. car co be deep snougl, 50 that the water does not spatter pver the top

of the car, what 1s the speed of the car after fic has ¢ollecied 4.5 cons
of water?

14, A midshipman dives from the gtern of 4 statlonary rowbsart. Hig
mags ig 70 kg and that of the rowboatr i40 kg. The horizontal component
of his velocity when his feet feave the buat {s 3 m/sec relative to

ke water. what I8 the speed of the boat Immedfately afrer the dive?

15, A block of wood of mass M = 0.8 kg i3 suspended by a cord of
neglipible mazs. A bullet of wasz © = 4 gm 15 fired horizontally &t
the block with 4 muzzle velocity of 400 m/sec. The hullet remains
embedded in the block. What is the spead with which the wood bleck
fwith bullet embedded) is sat into motion?

[

16, Agsuma a rocket has an initial weipht of 3000 tons and a welght
of 2780 tons after the fuel i5 completely burned. Fuel 13 consumed
at a rage of 2840 lbj/sec. After what time interva. in seconds does
the rocket attain 1tS maximum velocity?
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17, Let V be the velocity of & rocket {mass m) relative to ground amt
U the velocity of the exhaust gases relative ta the rocket., Newton's
second law then becomes

T v &=

Fant * 3¢ dt " Ve

To which of the following does this eguation reduce Lf the rockst
being held stationary on a test pad by bolts. which exert & force ¥y
on the rocket?

- - -~

dm
A M‘Pb.u&t

18, Iateprating the rocket equation glven in problem 17 yields

- - -+
v-vo*:;ln[%gl + gk

For the rocket and data given in problem 16, determine the maximum
veloclty of the rocket 1f the exhawst velocity of the gases relative
to the rocket ig 35,000 m/rec and the rockat started from rest,
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SEGHMENT 10 11

19, ‘Tio masers arve tied togeviws with a compressed spring between the
tewe as shown., The spring is uot attached to aither mass. The system
*lides on a frictionless table with a velocity ¥. At some polnt the
string i% tut and the wesses f£ly apart along the otisinal iine of motion.
The velocities of mass m; and m, after relesse are ¥, and V,, respec-
tively. Whot was the impulse {mparted to mass py?

b -
A, mplvy - Vl)

L ]
) e Y L S N A
STZI77I7 /7777777777777 ¢ a@, - %

- -
D myfv, =~ V)

|
i

20, For'the systam in ptobleu 1%, what is the impulse i{mparted
te my?

~
A; "ﬂ] (‘rl - V)

B. ““ﬂz(.‘:z - :)
¢ m - ;,)

D, ®,(¥, = ¥)

21. PFor the system In problem 19, what 1z rhe momentum of Cha canter
of mass of the syatem after the string has been cut and tha masses have
attained thelr final velocitles?

A my(p - W
B. m, (;1 - -‘:)
+v

Y
v
Cc (‘m] +* ﬁz} _J_i.z

(my + my) -\:



{a]

b}

1z SEGHMENT 10

CORRECT ANSWER: 2v2 kg-m/sec

S$ince non-conservative (frictifonal) Forces are absent, the total chergy
of the block is conserved. If the potential energy i1s taken to be
gero at point A, we have

K& = KB + wmigh (1)

with the subscripts & and B referring to points A and B, respectively.
Since

mv
K=>3
{1) beecomes
2 2
mv me
-—2-‘&'_- = ZB 4 mgb

Solving for Vg, We have

and the momentum Py 2t point B is given by
P mu‘vhz ~ Zgh

= 2/100 < 98 = 2v/2 kg-m/sec

TRUE OR PALSE? The momentum of the block is independent of its position
along the incline.

CORRECT ANSWER: 15 at

Newton's second law of motlen can be expressed as

-
F=

a8

This shows that the force exerted on a hody is equal to the time rate
of change of 1t3 momentum. Hence, the magnitude of the foree exerted
e the glven system is 15 kg-m/sec? = 1% nt,

TRUE OR FALSE? In this problem, dp/dt 18 equal to 15 kg-m/sec?.

praer ET =t e emtts o

% 5
bt ) A



SEGMENT 10

CORRECT ANSWER: 3

The toral momentun ; of a system of particles is equal to the preduct
0f the total mass M of the system 2od the velocity of the center of mass,

B o=y
Solving for "?cm, we obtalm

+ b . 100 kg-m/ses s940 N °
Vom = & = ?5_37%§T"E§ {23° N of B} = > »fgec (23° N of E)

CORRECT ANSWER: 150 kg-m/gec?
Newton's second law of motion can be expressed gg

Fe %E- T = net external force (1)

This shows that the exterpal force exerted pn a system is equal to the
time rate of change of its momentum. However, the net external force
exerted on a system 15 siso given by

Fou¥i, ()

Where M 15 the tetal mass of rhe system and 4.9 18 the acceleration of
ite center of mass.

Equating equations (1) and {¥) ylelds
g% - M;cm = the magnitude of the rate of change of momentum

Substituting numerics! data, we pbtain

g-% =15 kg * 10 m/gec? = 150 kg-m/sec?

TRUE OR FALSE? The rate of change of the momentum of a aystem on which
& net force acts Is mmerfcally equal to the rate of change of this force.




CORRECT ANSWER: 1.99 mfsee

1f v 1s the speed of tha bullet and V the speed of the bloek with the
bullet embedded in it, then by the conservation of momentum, we have

mv o= {m+ M)V {1}

Therafore, the requlred speead V is

T
v
" m+ M v

Substitution of pumerical values in 2quaticn (2) yields

Ll |
Vo EBEE%E—EWEE- 400 mlaec

= 1,99 m/eec

TROE OR FALSE? The magnitude of the force of gravity acting on
tha block #nd bullet is an important consideratiom i{n this solution.

CORRECT ANSWER: 4.2 ft/mec

There are no external forces in the horizontal direction acting on the
car-water system. Therefore, momentum 18 conserved. Thus,

Mgvy = Mgve

N, L8, .8 tons -
Vet gr V" mes V1 " T3S tons x 5 ft/sec = 3,2 fr/sec

Note that, since the mass {or wetght) of the system is involved inm
4 ratlo, no conversion to slugs {lb) is necessary.

TRUE OR FALSE? This problem copld have peen solved carrectly by
converting the we{ght of the car and the weight of phe collected water
to pounds hefore substituting the numbers.
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CORRECT ANSWER: C

The magnitude of the momentum is equal fo the mass of the automobile
times its speed. Since w = mg, m = w/g and

w . . 3200 1b £t . 5000 slug~ft/sec
Ev 32 fr/sec? stec 0 vE

CORRECT ANSWER: 8.9 kg-m/sec

Since che frictional force 1s negligible, the system umler consideration
ig conservative, and consequently the total energy of rhe point mags
repains cons€ant. If the porential energy is taken to be zeroc at the
bortom of the loop, we havn

mgh = mg(2R) + Ky (1

Where KB 16 the kinetic energy of the particle at point B, Bowever,

Pp?
¥p ~ 2: Fp = momentum of the particle at point B

Therefore, equation (1) becomes

PBZ

mgh = mg(2R) + e

Solving for Py yields
Py = Ty (n - 2m)

= |f2 » 4 X 908 x 1
* 8.9 kgem/sec

YRUE OR FALSE? The momentum of the eliding particle 13 groater at point B
than 1t was st point A,
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CORRECT AMSWER: A

The momentum P of the center of mass 1s equal t6 the sum of the
todividual momenta, The resultant momentum in the easterly direction
has a magnitude given by

Pp = (2 kg)(10 w/sec) + (3 kg) (10 m/sec)

= 50 kg-m/sec

In the northerly direction, the momentum
has & magnitude Py

Py = (2 kg) (25 m/sec) = 50 kpg-mfsec

From the vector diagram of 32 and FN'
we ¢an calculate total momentan P,

P = \f PEZ + I’Ni = 71 kg-m/sec

6 = tan™' (By/Pp) = tan™il = 45°

Piaally, ¥, = ¥/x

vcm = P/Mw F1L/€2 + 3 4+ 2} » 10.1 m/eec

TRUE OR FALSE? The velocity of the center of mass of this system is
deternined by adding the individual particle velocities algebraically,
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CORRECT ANSWER: A

The total momentum of a8 syetem pf Particles iz equal to the Praduct of rhe
total mass of the system and the velocity of the center of mass,

B=ny +m,) veq 3

v (?)

¥
Peob 43, =m3 +o, 3,

.
- - - -

Fhere vy Py, and v, P, are the velocities and womenta of the particles

of mase m) and my, respectively. Let the easterly direction lie aleng the

positive x—axis*so :ha& the westerly direction will lie aleng the negative
¥x-axis., Hence v, and v, hove components in the x-direction only. Therefore,

P MV = MV,

= 2 kg x 10 mfsee - 3 kg % 20 m/sec

= =40 kg-n/sec .
The mapnitude of the toral momentum ls 4D kg-m/sec and 1s due west.

From equation (1) we have
> #

v —
Cme (ml + mz)

Substitution of the numerical values Yields

= 40 kg-mfsec
Vem 15_153;73_157 8 m/sec

The direction of Vem 15 the ssme as that of rhe total momentum P, L.e.,
along the negative x-axis,

TRUE OR FALSE? The direction of the center-of-mass veloclity vecror is
the same &s that of the total momentum vector.
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CORRECT ANSWER: D

- -+
Introduce the motation P, and P, for the momenta of the 2-kg and 10-kg

particles, respectively. We want to calculate the angle § as shown in
the diagram below.

f —p ——h

I'rom the geometry, we have
tand = P, /P,
subgtitute values of Py and Py to find
tanS = (2 kg = I mfsec)/{10 kg x 2 m/gec)
= 0.1

Therefore,

8 = tan"10.1 = §°
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CORRECT ANSWER: C

The excternal forces pn the rocket are those exerted by gravity and the
baits, both downward. Since the racket is statfonary, dvfdt is Zer o,
and the "rocket equation",

reduces to

- + 4
Faxt = v E%

FinallY, rhe external force iz given by

=

SR A .

ext

CORRECT ANSWER: D

The whole system was movin® with a velocity ; before the string was
cut., Hence, V 1s the tmitial velocity of the center of mass. Hince
the table is fricticnless, the external force acting on the system,
beth befors and after the string is cut, is zero. Therefors, the
momentun (and velocity) of the sysiem remain unchanged. The final
velocity of the center of mass 1s ¥V and the momentum is (m, + m,) .

TRUE OR FALSE? The momentum of the system romains unchanged because
all of the forces imvolved in this interactlion are internal ones.

PAFullToxt Provided by ERIC




[a] CORRECT ANSWER: A

The momentum of a system 1s the vector sum of the Individual momesta.

o

Py

L

60"

30°

.

Py

B, = 8 kg x 1D m/sec « BO kg-m/sec; ar 60° N of
Pz * 12 kg x 5 mfsec = 60 kg-mfsec; at 30° S of E

Using the fact that B, and B, form a right angle, we find

b » (pli Py pzz - ‘faoz + 602 = 100 kg-nmfgec

[b] CORRECT ANSWER: B

For a system whose mass is constant we have

- g? (ﬁ?) w1 = ma

1000 gm=cmlsec?

= 2
100 gm 10 em/sec

=14
2 mdt =
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CORRECT ANSWER: ¢

From the impulse-momentum principle we know that to Eimd the impulse
imparted to mp, we must compule the change in the momentum of . Thus,

- - - > > -
J, = &phz = Puf Py = mz(v2 - V)

TRUE OR FALSE? Frictional forces must be constdered when caleulating
the change in momentum of mass 2,

CORREET ANSWER:! 155 seconds

The maximum veloecily will occur at the instant the fuel has baen
consumed. Until then, the rocket accelerates; thersafter. it
decelerates,

The rocket is losing mass {or weight) at a constant rste. Thus

4 m dir
—1§;5l-w ac = T840 1b/sec

’ L)
1 see ¢
df 3 « Sk
-[ 2840 1b j; W

— ey = . Ll set - 1
Y 3850 1% | 2150 3000) tons X 2000 28

and

t-l--—]-'_

ses
330 15 ¢

= 155 see

TRUE OR FALSE? According to the conditions given in rhe solutfpa, this
rocket must be ctraveling horizontally in a vacuum.




CORRECT ANSWER: 8 kg-m/sec
The known quantity fs kinetic energy K,

K = mv?/2
where m 18 the mass of the block, and v is its speed,
Solving for v,

v = /Zk/m
80 the momentum, p, is given by

p = mv = m/2k/n

= o7k

= B kg-m/gec

CORRECT ANSW=R: 1.5 m/ges

The momentum of the system fs zero before the dive. In the absence
of an exterpal force, momentum is conserved during the dive; there~
fore, the momentum of the system after the dive is also zero, We
simply have to solve the equation myvy, + v,y = O For vyp. Thus,

BiVix 70 kg * 3 m/sec
Vox = m, - 130 kg ~1.% w/gec

the minus sign indicating that ¥,, is directed oppositely to Vg
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CORRECT ANSWER: 2710 wn/sec

With vy = 0 and the upward ag the positive directien in the given equarcion
we obtain

ey
v ey Inj~-| ~ gt
!

The maximom velocity is attained at t = 159 sec, at which rime mg = 2780
tons. Now mgg = 3000 tons apd u = 55,000 m/sec, so

Vpax = 35,000 1n 3222] - 9.8 x 155] = 2710 u/sec

TRUE OR FALSE? The welght of the rocket reaches its minimum value at
the instant that the rocket attains its maximum speed.

CORRECT ANSWER: B
The impulse Imparted rto w, is
- - - - e -+ e -
Jy=lp=pg=py mo e~V )=nl -V (1)
This expression, howaver, is not listed among the aunswer choices,

We may pse Newton's third law of motion whith states that the force
exerted by m; on My (with the spring ss intermediary), is equal to the
regative of the foreo exerted by my, on my. Since the forces also act
for the game duration we have

t 1
L - - -
Jy = . Fip db = ~ A Foy dt = =-J,
V H

Using the result of the preceding problem, we obtain

e - e -
Jl o -J2 = .a-mz(\r2 - V}
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1.1 tnformation Pan=l, "The Character-
istics ofF Uniform Circular Mocion' LQ{tra) X X
2 A L < o T % i A »
X X 18af § X v X 1) { X
2.1} Ff your first choilee was correcr, {12
advance to 7.1; if not, con- 10 w/sec {15a)
tinue seqguence.
T ¥
3 {ana)
X direction (11a}
- T - ' -
i 13
{ans) 30° {20a} 4 LX‘I
4 A 8 < B {ans)
X X L3 .
.i.z ) [
A < L A
3 . 0 rev/min  {I6) E /
113 £
{ans)
A 8
6 < L 15 A ] € 0 T [ 3
11cf ) X X x X Vaa X X 7 lx
7 A ] < [*) T F
- ¥ [
X db {1 X X X ({¥ | 118
23.8 m/sec (17bﬂ XY
7.1| Audiovisual. CIRCULAR MOTION (ans)
3 v120.01256 mlsac(w;b-
17 T(‘n‘) 16.1 | Homework: HE Problem 4-20.
F
{ ve=0.314 m/sec (19?)] YI{ X
vy = {anz)
1 of1




REVEALED
U.5. NAYAL ACADEMY STUDY GUIDE _w.‘_l_E_I.F-PACED gwnvg.lhcs
P STEP | NAME J]P STEP | SECTION SEGMENT 7 __}
s 0.1 Reading: *HR Chapter 7 8 A B € D i
g W 6-1; 6-7
sz 7-1/7-3, 7-9; 7-10 Xy XPpXfpie J I
AB 6-1/6-~7; 27-1/27-3
B.ljlnformation Panel, "Algebraic
0, 2 Information Panel, “Work pone by signs in Work Problems"
a Comstant Force' X - ‘
n A [ ] c D ¥ F 2 - s < 2 ! £
L} Y X
xbE8x (1 x]less| v [] x a3 3‘“] X
9.1 Information Panel, "Ynit Svstems.
[ § ¥ ¥ for Work ang Power' £
480 fi-1b 2wy | {X|]| ¥ JU A B ¢ b T E
{ans} 26a| ] X X XY
2.1} If rorrect, advance to 4.1; if
net, continue Sequence. 10.1;1f your firse cheice was correct,
advance o 14.1; 1f mot, con~
3 A B < [+] tinue Sequence
X X X128 11 A 8 c D
4 LI ; X || x1] x m]
30° (203} /X 12
{ans) | 980 watts ‘31b)
4.1} Audiovisual, WORK WHEN PORCE (ans} ;
“VARIES IN MAGNITUBE AND DIRECTION :
i3 g
4.2 Information Panel, “Work Done by
a Varying Force" 75, 350 ft-1b/sec
- or 137 h 35a)
5 A 8 < D T ¥ P (
4 X [133a] X NAER (ans)
14 A B c ] T F
5.1] 1£ vour First choice was correct, 1
advance to B.1; if not, con- X I kSa )4 X v X
titnue sequence. ;
14.1{ Information Panels “Kinetic
& Evergy"
10 nt {17a)
14.2] Audiovisual, KIRETIC ENERGY
{anr) || ___| T F
i3
7 100 j {30a} X v
300 3 {24a) {ans)
{ (ans) 15.1] Lf correet, advance to 17.1; if
| | net, contrinue sequence.

\‘l‘ 1 of 2




REVEALED

U.§. NAVAL ACADEMY STUDY GUIDE SELF-FALED PHYSICS
P [ STER| NAME P [ STEP [ SECTION SEGMENT 7
16 25
3.6 « 105 f£-Tb (233) 00 ft-1b  {278)
{ans} (ana) .
17 AL PP T F '
10 m/sec (27a) Yl 5 ¢m {32a} 7 Hhx
. {ans) {ans)
17.1]| Information Panel, “The Work- 77 A ) T D T F
Energy Theorem" -
& - T F X X X 2%a ¢ X
18
10 m/sec {32b Y[ x 27.1]If your first choice was cortect,
= advance to 2%9.1; 1if not,
(ann) continue sequence.
18,11 If correct, advance to 23.1; 1f |28 A B C [+]
not, continue sequetice,
X 34a] | X X
19 A [ C (]
29 A 8 € b T
] X X
X 12 p2a f | x [ | x §{x x{] v
20 A B [ D
£ Y P oed | x 29,1 Homework: HRE Problem 7-8
pal A B C o
X % 1117
22
825 b {362)
{ans}
3 T F
8 misec (253} [ x itv
{ans}

23.1] Information Panel, "Composite
Problems Invelving Work and

Energy”
] ¥
£
128 m {18a) Y|} X
{ans)
{ 24,1} If correct, advance to P 27; {f

not, continue seguenca.

2 of. 2




REVEALED
U.S. NAVAL ACADEMY STUY GUIDE . SELE-PACED PHYSICS
T p | sten] NAME %]n STEP | SECTION SEGMENT 8 ]
|

3

|
|
|
i
1
1

;
!
i 0.78 i
|

8
15z

Information Panel, "A Composite
Problem Using Conservarion of
Energe"

{18a)

Homework: HR 8~16




REVEALED
U.§ NAVAL ACADEMY $TUDY GUiDE SELF-PACED FHYSICS

b STep| NAME | » ] ster [ secrion SEGMENT 9

-

'g f).l%Reading: HR 9-1, 9-2; H-9 (apt) 6. LITf vour first chotee was varract,

; ; SW oR~B3  G=3 : advance to Y 1; 1§ vor, von-

i : 82 3~5 : tinue sequece.

: i AB 30-4, 30-5 ¢
; A C

0.2;1nfarmatian Panel, "Coordinates
|of the Center of Mass of a System i 9b X
|uf Partivies’ i

| A . B € D 1
X

Fo
X « | [i1s El i Parabola

If your first choice was correct,
advance to P 4; 1if not. con-
Linue sequence.

(myxytmyxy )/ {my+my) {I}Jb]

0.98 m/sec? (11b)

Homework: HR 9-4

A B C T F
X 1R 117, Yol X

If yvour first choice was correct, |
agvance to 5.1; if not, copn-
tinue sequence.

F

{0.0, 1.0) {10a) v

(ans) I

Teformarion Panel, "Movement of
the Center of Masg"

Audiovisual, MOVEMENT OF CENTER
OF MASS

4 om/sec? (8b)




U.5. NAVAL ACADEMY

REVEALED

STUDY GUIDE

_ SELF-PACED PHYSICS

’

iTEP

NAME

'

STER

SECTION SEGMENT 10

0.1

¢.2

Reading: *HR 9-3/9-6; 10-1/10~3

AB 30-1/30~3

Informaticen Panel, "The Momentum

of a Particle"”
T F
[::IIIII

{ans)

2/2 kg-m/sec  {12a)

If corrvect, advance to 4.1; if

net, cuntinue sequence.
c D
15a X

8
X

A
X

(22a)

8 kg—m!éec

8.9 kg-m/sec  {15b)

{ang)

Information Panel, "Momentum of
a System of Particles"

A B c o
16a X X ¥

If your first cheice was cor¥ect,
advance to 2.1;7 1f unor, con-
tinue sequenca.

A B

A

9

F
X

3
A

<
X

3
X

T
4

A
17a

Informatien Panel, "The Secand
Law in Terms of Momentum"

T F
G

{ans)

15 nt {(128)

If enrrect, advamce to 12.1; if

not. continue Bequence.

A C

X

]
20b

L
X

F
/

158 kg-m/sec® {(13b)

{ana)

Information Panel, "Conservation
of Momentum®

Audiovisual, CONSERVATION OF
HOMENTUM

F
X

3.2 ftisec {14b)

{ansg)

if correct, advance go P l6; if

not, continue sefuence.

1.5 m/sec (22b)

1.99 mfsec {14a)




REVEALED
. 5. NAVAL ACADEMY STUDY GUIDE SELF-PACED PHYSICS
P | STER | NAME P | STEP | SECTION SEGmENT 10

6 T ¥

155 se¢ {21b) {7

{ans)

If correct, advance to P 19; if
nrt, continue Sequence.

A B ¢ B
X11193] { %

2710 m/sec (235)J

A » < [+)
X X{l2isf] X X

If your first cheice was eorrect,
advance to 2i1.1; if not, con~
tinue seguence.

A B¢
X X

A 8 c
X X b

Homewnrk: HR 9-15
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MOVEMENT OF

CENTER OF MASS




CENTER OF MASS

(a) for ¢ solid ball

{b) for a hollow ball




ILLUSTRATED TEXT (1 Fig. 1

The center of mass of an cbject may be described as that single point at
which all of i¢s mass appears to act. For an object of unifornm densicy
heving some regular shape, such as & selid wooden ball, its center of
mass ia aaslly located to be at the geometric center, as you can gee in
Figure 1. Finding the location of the center of mass for a hollow
rubber ball is no more difficult~-it ¢oo 18 at the geometric center,
even though nene of the actual mass of the ball 1s located at that very

point.

Many objects, having eithar regular pr irregular shapes, have centers of
mass located in space~-probably the chair you ave aftting on ut ¢hiz
moment OF the cup or glass You used this morning are good examples to
consider. FWor these objects, the center of mass acts in every way just
as it does for one having a center v: mass within the mediym itself--ag

with the splid hall.




EQUAL MASS CARS

CENTER gF MASS

CENTER gf MASS

¥ CENTER OF MASS




TLLUSTRATED TEXT

The concept of center of mess can be a powerful topl in the study of
motion. aince all rigld bodies, regardless of ghape, velume, or density,
can he considered to be point masses acted upon by external forces,

thereby simplifying the application of Newton's lawe of metion.

A task that at firet seemp difficult s the analysis of the motion of

a body when internal forces ars also acting. Llet’s gee what effect,

if any, they might have. To do ritds, let's examine the effect of an
exglosion on the center of mass of 2 aystem consisting of two ejual
magacs. In Pigure 2, you see two identical cars about to be exploded
apart by a compressed spring. Before the explosion, the center of mage
of tha Bystem is midway berween the cars. When the explosion occurs,
e¢ach car receives an equal, but opposite force to the other, for the

same period of time, giving each simllor acceleratiens. But at any time,

the center of mass of the system can be foupd to be at the aame point,

unaffected by tﬁé explasion,




UNEQUAL MASS CARS

CENTER

CENTER {?F MASS




‘o

ILIUSTRATED TEXT (3} ' Fig. 3

You eay weli ask, whet would have happened 1f two unequal magses were
chosen? Let's rePeat the explosien, this time with unequal cars; say
they have a moss patio detween them of 122, Once again the explosion
will apply equal and opposite forcem on the cars, but thia time eone car,
the lightee one, will accel.era:e ar. twice that of the heavy car, thereby
woving twice as far in equal time. Consequentiy. the center ¢f wmass of
the system remaine in the same position, unaffected by internal forces
zs you can see by examining Pigure ). As 2 matrer of fact, even if the
two cars have some initial velocity while linked together, thefir center

of maps would continue to move at that velocity evenm after the explosion

oTeurs,







ILLUSTRATED TEXT

Before closing, let's apply these Principles to agme typical motion

problem. A pood one to cosalder would be the motion of an explodable

ball as 1t moves I{n a parabolic trajectory. Here, in Figure &, the ball
1s subjected to some Initisl accelerating foree, and & constant gravita-

tion force, both scting externally. as well as an internal explesive [orce.

Before the e¥plos  tie ball travels intact alomp a parabolic path
guverned by tha sffects of its Inttial velocity and gravitation. The

ball is then exploded inks fragments, each moving eway From the center

of gravity at 8 rate dependent upon the explesive force and its aize.

and each still {a offectea by the initial velocity and gravitation.

Sinee ihe explosive Internal force has been shown te have no effect on

the centar of gravityY: its motion continuesn nlona_the parabolic trajectory

as though the sal) had remained Intact.
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MOVEMENT OF
CENTER OF MASS




CENTER OF MASS

(a) for a solid ball

i
1




EQUAL MASS CARS

CENTER gF MASS

CENTER OF MASS
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CENTER
OF MASS

CENTER OF MASS
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DIAGNOSTIC TEST - DELTA

T.0. 1

A mile is approximatcly equivalent to!

{A) 1.6 km
{B) 0.6 Im
(€) 0.45 im

{D) 2.54 km

T.0. 2

In the equation for coustant velority

(x ~ %p)

V= ——

t

(A) x and x, depend upon the frame of yreference and t
dogs net depend upen the frane of reference

{B) x and %5 80 net depend upon the frame of reference
and t dovs depend upen the frame of reference

@ x, Xgs 2nd t depend upen the frawe of refereace

(D) %, %o, and t do not depend upou the frame of
reference

.0, 3 Cy

Express the suwo of the nunbers 15, 140,001, and 0.37

(&) 155.571

(B) 155.57
(C} 156

() 160




T.0. 4

Twa forces act sirultancously on the suea paint. Theiv

valucs ase 5.0 nt  at 055.00 and 5.0 nr atr 180.0o

The dircection of the resultant foree ig 0.0°

(A) Botween 0° ang 90°
(8) Between 90° and 180°
{C) Between 180° ama  270°

0) Betweon 270° and 3600

Tioi S

The center of masgs of & hollow sphere

(A} is tocated at the geomctric center even though ne mess is
present at that location.

{B) 4is distributed th.oughcut the masg sinte it cannor be
located in enpty space.

(C) does not exist at all fox a sphere without mass at s
center.

(D) forms its own sphericel surface which touchss everywhere
the inside surface of the hollow sphere.

o, & P&

A boy throws a baseball vertically upward. If the ball is
caught 4.0 seconds later, what height did it artain?

(A) 264 &
(8 78 m
(L) 64

(0 19.6m




0. 7 &R

In which one of the fcllouwing praphs tan we be swre that
the acceleration is varying?

L S
t

A 1 (3 2 Q)

T.0. &
In the squation

= oy 4 %—a(zt ~ 1 sec)

a = acceleration gnd t = timc.  From analy-"s of the
dimensfens, o 1s the equation of

{A) position

(B) speed

{C) eeceleration

{D) has no meaning since it ig
dimensionally imconsistent

o, 9 R

To test for the gravitational acceleration, ., a ball {gs
dropped from rest from a height m and falls for tha time

t to the ground.. The provitational acceleratio
be found by ¢ T B e

(&) g =
(8 g =

) g =

(D) Iusufficicnt data. Hust know {wpact
velocity te golve.




1.6, 10 PS/C.

A man walks tovard the roar »F o -oeving traln chil his nesils
] is observed by a station aricadant standing on a statian plavier |
¢ If the train moves to the right at 10 ft/sce relative to the
stationery platform obeerver, while the wallkirg nan moves at
8 ft/sec to the right relative ro the same station abtendent;
how fast does the man walk rolative to the crain?

(A) 18 fifsec to the right
{8) 18 fel/sec to the left
{€) 2 frfsec to the right

{Dd) 2 frfsec to the left

.00 11 cu
The Jastantaneous veloeity may be deternined from
v = at only for

{A) wariable acceleration

{B) warisble velocity

{C) corstant acceleration

(D) econstant velocity

ro. 12 en 2
4 basebzll player hits a fly ball vhose trajectory reaches a | .
maximum helght of 4 the time the outfielder has to posirien
himeelf for his cateh ¢an be found by ¥
2h
A i}
Gy e
4k
B —
(B) 2
25 B
C ———
(C) 2
n!.'
DY 2 =
(0} s




T.0. 1t CR

Fow long does it take for a force F to change the speed of an
sbiect from vy to v 4f its mass is m?

N mlvg ~ v}

Bl

T.0. 15

The welght of an astrensut (mass &) in orbit ab am

alritude above the Earth (mass ) cqual to the Ferth's
radius, K, o9 be fomd from

W = GmRZ

W = 4CHnR2

T, 16 cr

A man tries to push his stalled car og & level road. The
maxinua force he 48 able to 2pply is ¥, bur this is
iﬂzu.;“:fsnt to move the car. The reaction to his force

L

(© F

(I}  zero, since the ear dges not mave

ERI

Aruitoxt provided by Eic:




[.0. 17

When a blect slides don s olone -t unifow; spend, e
coefficiont of hinoric friction 1a cntal Lo

{AY thc stne of rhe angle of. inclinatioun.

{8) the cosine of the angle of inclination.

(€} the tangent of the angle of inelimation.

(P} a more corplex function of the mngle.

T.0. 18 CR

The period of each revolution, 1, of an object moving crifsve:
with a speed v in & circular path of radius r can be
expressed as:

(A} 2urfe
{B) w/iwy
(€Y &x2r?v

(D) v/bwiy2

T.0. 1%

A coin of mass m 15 placed on a stationsry phono turntable
at a distance v frow the spindlc. The .witch is rurned an
and the turntable begins to accelerate. If the coefficlents
of friceion ate respectively Bg and By {static and kanetic)
the magnitude of the centripetal forcoe Fe on the cein just
before the coln starts to slide 1s

A. Fo > ug mg

B. Fc € ne mg

Fﬁ = Hg my

nene of the albove

PAruntext providea by enic | .




A force strotghic:

I
an amoust x freoc Ptg end .
and ¥ are in the ssre diree
this force is

A +kx
B. 4 1/2 kx?

~1/2 kx?

T.0. 21 - v

A woman hoging to 1ifl a pai} of water our of a well] thw
initial tora)l veipghr is W. The pail hes a deak, hoveser,
and as the pail is lifted a distance y, vater is slov:ly
lost. The verk of the woman Jg

A, Wy

1y
5 W

L2
z Hy

uaable to be deterined from the
information glven

T.0. 22 kR

The powver P developed by a machine which does an smount of
work ¥ in time t is

A, P o=t

P o= el

PAFulToxt Provided by ERIC




1.0, 23
Which of the folidwing stateronts is s~z truc?

(&) One-holf of the product of the rass of a
body and the sguars of {15 speed i3 callad
the kinotic energy of Lhe hody.

The work done by tho resultant force octing
on a body 1s equal te the thange in the
kinctic ehncrgy of the body.

The kicctic encvvgy of & vody in nwtlion 4s

equal to the worll it ean do in bein; broushe
to rest.

The kinctic omergy is o function of position
vhose negative derivarive glives the [orce,

T.0. 24 "
Which of the following forees is noil censervative?

(A) the frictional force

{(B) the gravitaticual forcee

(C) e Force exeried by an ideal spring

(D} the force exerted on a chaxge in an
electric finld

T.0, 25 RE
The statepent of the coaservation of mechsnical energy is

(A) AK + 60 = 0

(B) Ty = 8K

€) Wpe = 8K + &0
) at=0

vhere Hyo is the wotrk done by nonconservative ferces.

ERI

" PAruliText provided by ERIC
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A spring of constanl ™ geuatwas ! a distine x ot U0l
enersy cqual to

(A) magx
(B} mkx
€y /2 kx

(0 1/2 k=2

T.0. 27 CK

The mugs of a sinple pendulum bob is m. Tt dis gisplaued
slightly frou its ecqpilibrium pesition such thab the bheh
is a leight h above its equilibrium level. It is nou
released Drom rest. Its velocity at Lhe bobttow of its
swing can be computed froa

(&) moh = 3/2 mv2

{B) gh = av

{C) 142 gh? = 1/2 mv?
(D) gh = 232

T.0, 28 Cu

Vhicu of the folloving is a eorrect statemcut regordinn
the center of moss of 2 circular riug?

(A) It is the entire cuter surfece of the ring.

(B} 1t caunot be the geometrical cenrer of the ring batause
there 18 no material at this point,

{C) It may be exterior to the “rg. depending upon Lhe moss
distribution of the ring.

DY It iz rhe geometrical center of Lhe rivg vhen ehe
mass distribution i; syuwetrical around the center.




T.0. 29

Two particles move toward each other. The cenler of moarg
of this systen

(A) remains ¢quidistant from cach pareirla.

(B} bocowes eloser to the heovier parvicde and fu-thor from ¢
lighter porticle.

(€} becomes closer to the lipghter parbticle apd further frum
the heavier particle.

(3} beeonmes sloscr to both particles.

1.0, 30
Two bodies each of mass 3 kg arec poving castvard; opne
with & velocity of 2 m/sec, the other vith & velecity
of & wisee. The ragnitude of the total momentus of
the ryarew is

{A} 6 kp-niscc

(B) 1% kg-w/soc

{C) 18 kg-nfses

(M) &0 kg-mfesc

T.0. 33

A hall stfik?s the {loot, irs Initial velocity making
an anple & with the =otfaal. It rebounds with the game
specd alse at an angle 3 with gormal. (The total angulac
sﬁangcilu direction of the ball is 180° - 23} ¥ha’t s gha
wertion of the aversge apulsive foren @ !
. £ T VHEF Lo .
boll by the floor? o o on the

{A)  verticeily ptrard

{B} wverticelly dessmorard

(¢} =&t an zngle & uprard

{m horizentaily alens the fleor

ERIC

PAFullToxt Provided by ERIC
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SAMPLE COMPETENCE CHECKS

SELF-PACED PHYSICS

4-2.2

A particle is set in metion along a horizontal frictionless surfaca at
a speed of five feer per second, What is 1ts speed at the end Hf seven
seconds?

4-5.4

A man lowers vertically a 50~1b ball at a constanc speed of 3 ft/sec.
The magnitude of the force he applies to the ball

A. decreases as the ball descends.
increéases as the bzll descends.
is less than 50 1b.

is egual to 50 lh,

3-1.3

A sled moves from rest along a straight horizontal track with a conscant
acceleration of 1 fr/sec?. at the end of ten seconds {10 sec) its engine
cuts off and f{t comes ro rest wvith a constant decelevztion of & ft/sect.
What is the total distance traveled by the sled?

A. 1,750 fc.
B.  B75 ft,
C.  50M fr.
D, 1,000 ft,

E. 1,250 ft,




L PAFuliText Provided by ERIC

3~18,2
A projectile has an initial speed of 176 ft/sec. Assume that the
projectile fs initially at ~ctound level, and thar air resistance may
be neglectad. What is the maximum vange of the projectile?

262 ft.

484 fr.

726 ft.

9h8 ft.

1,210 fr.

4~11.4

Wear the surface of Saturn, objects fall with an acceleration of
11.8 mfsec?. What is the weight of a 4000 gram mass at Saturn's
surface?
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FORIWERD

ur new bhook has Inmovarive pedagopical features, bhut it §s
designed so that the instruerer may use it as he would anv other
introductory physics text. WNo revisions ia sylilabi or lectures are
required—-the topical coverae is a familiar one. Reading and hrme-
work problems can be assigned as usual. (. course, the instructor
may freatly {ncrease the effectiveness of this book through his active
participation,

A feature of the text Is an emphasis on problem selving., ™uch of
the expositfon 1s i{n the form of problem stacements and their solutions.
It is reasoned that since students are teated and evaluated by problems,
problem-oviented instruction is most Yele-ant for them. A consequetce
of this emphasis {s that the lecturer may safely spend more time bringing
phvsics ro life for his students, and lees time grinding through examples.

The course chjectives are smbodied i{n problem statements, the

core problems. The iwportance of such goal~directing problems can

hardly be over emphasized. 1If rest questions ave distributed well in
advance of a cofifemtional examination, test performance is predictably
high, Similar high achievement can be expected if, in order to aveid
outright memorization, rha guestions for advance distribution are known

ta be minok variations of the actual examination guestions. When such

4 test and its precursor are expanded to cover the entire course con*unt
at appropriste levels, we then have a rough parallel to this gtal-directed
approach.

Core problems correspond to test guéstions distributed in advance.




Q

ERIC

PAFullToxt Provided by ERIC

Yariations of these are called acove rrirz problems and can oe viewed as

correspending to terminal examinatiom questions. OfF rorise, a core prime

problem i5 used as a self-test rather than ad inscrument for grading.

Each sertion of the text heging with a discussfon of theory folilowed
bv the assoriated core prohlem statement. A student can attempt to molve
the core problem apd then choose one of three options on the basis of his
Performance: proceed te che pext section, attempt to solve the core prime
problem, nr read and work through a mequence of emabidug problems which
flinstrate mator steps in the solurion of the core prablem. The format
for a section is:

Theory
Core Problem and Solution

Enabling Problem 1 and Sclution

Enabling Problem N and Solution
Core Frime Problem
Thus, when a student fs able to solve a cove problem with confitence,

he maximizes his progress by moving directly to the next seccicn. Some
students expect that they can execute problemg similar to the core after
having seen the correck splution. Often, such students have wmade @ minor
ervor in the core 26d only need & similar problewm for practice and rein-
forcement; this iIs provided by the core prime problem. When & stuadent
incorrectly assesr.s hig abilicy to golve the ccre prime, or when he
reglizes that his understanding of the core problem is deficient, then he
takes the #nabling problem sequence. The core prime problew is always

encounterad at the end of the enahling sequence.
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The text shouyld have special appeal for students because it teaches
those facts and skills which are generally tested, When a student can
golve the core problem or minor modification thereof, he has attained the
learning objecrive. tnlike most conventional ¥Yexts, the student knows
exactly vhat is expected of him. 0bviocusly, the instructor can contri-
bute greatly to the intended plau simply by declaring rhar his test
questions will be either variarions of core problems or fragments of
cvore probiems,

It is not surprising that many professionals reRard such goal-
directed teaching as tantamount to cheating. Thev have tacitly accepred
that an exanination in basic physics really should test more thaun was
taught; 1t should help determine scientific aptftude, vriginality, snd
Tmaeiratiov,  This mav serve 4 useful Purpose, but until we know how
to teach these gualities it seems reasonable to separate them from
examinations Purporting to measure Bains in huowladge.

The principles and approach takan in the book have heen found to
increase performance on the objectives {core problems} by 57% over the
traditiconal format of a theory sectrion alone.

Cach chapter concludes with a set of review problems. These are
catege” ized as “A" and YB" problems corresponding respectively to simple

"

axercises and core-level probiems. The "Oyerviev' serves as an example
of interstitial materfal which will introduce all melor topic areas
{mechanics, thermodynamics, optics, wave motion. electromagnetism, and
modern phvsilecs).

Finallys the hook {s ideally suited t5 self-studv. Perhaps an
unuseal application ¢f the book will be to aholish converticnal class

meetings and schedule hours during which the ijnstructor is available for

more individualized tutorial assistance.
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CHAI'TER 1o LINEAR MOMENTUM

Lineax momentum is & physical quantity which, like mechanical energy,
ig conserved under certsin general conditions. Much of the beauty and
utllity of such conserved guantities is & result of their relatimg "ini-
tial” and “final” events without conslderation of any detailed inrermediate
procesSes.

In this chapter, our objectives are to define momentum both for indi~
vidual particies apd systems of particles, and to introdure the Principle
of conservation ¢f momentum.

10-1 The Definition of Momentum

"
The linear momentum p of a particle is the product of the mass m apd

-
velocity v

P e nd ' (16-1

Notice that momentum is 2 wvector guantity, se that im order to spec—
ify the momentum of a partirle completely, the magnitude 2nd direction
must both he ziven.

Linear momentem is S0 named to distinguish it from sngulsr momentum,
althaugh wost often, linear momentum 1s referred to simply as momentum.
No apecial name {5 given to {ts unit; it {s slug-ft/sec in the British
syatem and kg-m in the MKS system.

The definition of momentum for a particle also applies to real bodies‘
whert all of the mazs of the body is copsidered to be concentrated at rhe
center of mass.

This problem section requires that vou determine the magnitude of
momentum for a body of given maéa using energy consideragions to find

the velocity.
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PROBLEM

A 2-kg block slides alomg the frictionless track shown {n the [igure.
1f the block's speed at

r point A is 10 m/sec, what
B is che momentum in kg-u/sec
5m of the bloek at point B?

1

SOLUTION

Since non-conservarive (frictional) forces are abseat, the toral emergy
of the block iz comserved. If the potential energy is trakem o be
zero 4t Point A, we have

Ky = Ry + mgh ()

with the subscripis A and B referring to points A apd B, respectively.
$ince :

(1) becomes

Solving for V3, We have

vu .\/V&E -~ 2gh

and the momentum Py 2t point B {s given by

Py = v « mv'v, % - 2gh

B A
= 27100 - 38 = 242 kg-m/sec
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ENABLING PROBLEMS

1. A 3200-1b automobile is heading north at & speed of 50 fr/sec. Its
romentun is a vector directed north with a magnitude of

. 160,000 1b-ft/sec
. 160,000 stug-ft/sec
5,000 slug~ft/sec
5,000 1b~ft/sec

SOLUTION

The magnitude of the womeatum 15 equal to the mass of the antomchbile
times its speed. Since w = mg, m = w/g and

w 3200 1ib ¥ 50 .g_!‘.,* = 00 slug-ft/asc
see

™ e VT 37 tefseed

2. & 2-kg block slides with constant velocity down ant inclined plane.
The kinetic energy of the block is 16 joules. What is the magnitude
of the block's momentum in kg~m/sac?

SOLUTION

The known quantity is kinetic energy K,

R = mv?/2
where m is the mass of the block, and v is ita speed.
Solving for -,

v = /Z%/a
so the momentum, p, is given by

p = v © m/lk/a

« /Znk

= 8 kg-m/sec
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COMPETENCE CHECK 10-1

A particle of mass m » 2 kg glides down a track to enter an inside
Joop cf radius R » 50 c¢m shown In the figure balew. Without losing
contact with the track at any tuime, it starte from rest at polnt A,
What 1s its momentum st point B, Neglect friction.

A

h {2 meters}
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10-2 Momentum of a System of Particles

The Lotal momentun Pof a system of 0 particles is simply the vector
sum of all the individual particle momenta:
P = ;i + ;2 S I ;5 {10-2)
Total momentum is dirvectly related to the velocity V., of the sys-
tem's center of mass. To see this, we differentiate the center of mass
coprdinates

5oy % Emy 2
®,,, F ——— -
ch Iomy & omy

with respeckt Lo time, The tesulr is

- b my Fi
Yem ¥ T My

ot, using the definition of momentum, this becomes

. JIB
Yem © T y

The numerator of this expression is just the total momentum F and
the denominator i$ the botal mass of the system M. With these substi-~
tutions, wo obtain the useful resulk

—+

P=M (10-3)

cn
The ptoblem section invelves findlng the teoral momentum and center
of mass velocity for & pair of particles whose masses and velocities are

nowsn,

PROBLEM

Two particles of sass 2 kg and 3 kg respectively, arg moving with a
speed of 10 m/sec due east, A third parricle of mass 2 kg is moving
with a speed of 25 misec due north. Determine the velocity of the center
of mass, Vegs of the syStem of three particles.

A. 10.1 ti/sec at 45° N of E
B. 20.2 m/sec at 37 N of E
€. 10,1 mfsec at 37° N of E
B. 20,2 m/sec at 43° W of E
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SOLUTION

The momentum P of the center of mass is equal te the sum of the
individual womenta, fThe resultant momentunm In the easterly direction
has a magnitude given by

Pg = (2 kg){10 m/sec} + (3 kg) (10 m/sec)

= 50 kg-m/sec

In the northerly direction, the momentum
has a magnitude Pyt

Py = (2 kg}{25 w/sec) = 50 kg-m/sec

From the vector disgram of Py an% £
we can caleuwlare total momentum

Pu v‘PEz + Puz = 71 kg-u/sec

8 = tan™  (Py/P.) * tan"ll = 45°

Finally. - By

vcg s P/0w 71/(2 + 3+ 2) = 10.1 m/gec

ENABLING PROBLEMS

L. Twe bodies in a system have masses 8 kg and 12 kg and are moving
with velocities 10 m/gec at 60° north of sast and 5 m/eec at 30* south
of east, respectively. The magnitude of momentum of the system is

A, 100 kg-m/sec
140 kz-m/sec
€. 20 kz-m/gec
70 kp-m/cac
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SOLUTION

The momentum of a ayster is the vector sum of the individual momenta.

A

51 “ 8 kg * 10 w/aec = 80 kg-nm/mec; at 60° N of E

Ba = 12 kg % 5 m/wec = 60 kg-n/sec; at 30° S of E

Using the fact that B, and B, form a right angle, we find

p= v‘?!: + ptz - ‘,fB{Zi2 + 607 = 100 kg~n/sec

2. & 2-kg particle moves due north at a speed of 1 m/sec. A second
particle of mass 10 kg moves due east at & speed of 2 m/sec; What is
the direction of the total momentum of the system?

A. 18° north of gast
B. 12° north of east
C. 87 north of east
. 6® north of east




CHAPTER 10

SOLUTION

=
Introdute che notation Py and ;2 for the momenta of the 2=kg and 10-kg

particles, respectively. We want to calculate the angle 6 as shown in
the diagram below.

e TR ]

P=P + 2

From the geometry, we have

tant = P;sz

subscitute values of Py and Py to find

tant = (2 kg X 1 m/sec) /{10 kg * 2 m, sec)
= 0.1

Thereforsa,

8 = ptan ‘0.1 = &°

3. A system of particles with masses of § kg and 12 kg has a total
momentum of 100 kg-m/sec 2t 23° north of east. Determine the velocity
of the center of mass of the system.

A, 100 m/gec; at 23° north of east
R, 140 w/sec; ar due north

£. 20 m/sec; at 53° north of east
D. 5 olsee; at 23° north of east
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SOLUTION

The total momentut p of 3 syStem of particles 1s equal to the product
of the total mass M of the system and the velocity of the center of mass,

FeWoy

Solving for V.., we obdtain

» B 100 kg-m/sec s - )
Yem = % u‘zgh;7§§T_E§— (23" N of E) = 5 mfgec {23° N of E)

COMPETENCE CHECK  10-2

Two particles of mass m; » 2 kg and my « 3 kg are moving with
velocities of 10 m/ger due east and 20 m/sec dye west, respectively.
Determine the velocity of the center of mass, Vey, of the system,

A, B nmfees; due west
B. 16 m/sec: due east
€. 16 m/sec: due west
D. 8 misec; due porth
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10-3 The Second Law I8 Terms of Momentum

Mags must be constant £f the spcond law In the form

-+

-
F = ma

is to be valid. In a number of cazes, the mass of the sysrem continually

varies 50 that this equation can np longer be appilied. For example, as a

chemically propelled rocket Moves, it burns fuel continupusly po that ifts

mass decreases with time. Such problems are most casily hantled by

applying momentum consideratioms and. for this reason, it is important

to be able to apply the second law in momentum terms.

Newton's expression of the second law in Latin, when translated freely

into modern rerminology. raeads

The rate at which the momentum of & body changes is

propertional to the resultbant force 2eting oo the body

and takes place in the direction of the srraight line

in v ich the foree acts.

In equation form,

-

Fosdp, e : (10~4)

If the mase ia constant, the more familiar form of the serond law

is valid elnce

F = dpfdt = dlm)/dt = m dvidt = w8

Force and the rate of change of mewentum must be equated te solve

the following problem.

PROBLEM

{ The total mags of & system fs 3 kg and the wagnitude of cthe syatem’s
momeatum 19 changing at the rate of 15 kg~m/sec’. yhat 4s the magnitude
of the net external force exerted on the systee?

PAruiText provided by exic [T
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SOLUTION

Newton's second law of motion ecan be expressed as
-
F=

This shows that the force exerted on a body is equal to the time rate
of change of its momentum. Hence, the magnitude of the force exerted
on the given system is 15 kg-m/sec® = 15 nt.

ERABLING PROPLEM

The total mass of a system is 100 gm, and the magnitude of the
system's momentwn is changing at the rate of 1000 gm-cm/sec®, The
magnitude of the acceleration of the center of mass of the system ig

A. 1000 cn/eec?

B. 10 ca/sec?

. 100,000 en/ses®
P, 98,000 cwisec?

SOLUTION

For a system vhose mass is constant we have

d* d -

dp d\?
it " it v} = & il

1000 pm~cm/sac?

- 2
100 gm 10 cm/sec

- 5 3e
&= dt

COMPETENCE CHECK  1p-3

The total masgs of a system is 15 kg and the magnitude of the
accelaration of its center of mass is 10 m/sec®., What i3 the rate o
change of the system's momentun?
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10-4 Conservation of Momentum

e

Consider a system of o parricles with total momentam P,
Pep tpy+ . .. +p

This equation fan be differentiated with respect fo time to obtaiwm

Bow introduce Newten's secomd law in momentum terms,

‘F‘:i - d;iftit

-
in which F; is the force acting ou particle i, with the result

di‘; > + >
el PR PRI {16-52

The right hand side of this expression ig the total farse acting on
the system. Torces between the particles due to thelr mutual interactions
{called i~ ternal forces) mey be ignored in this sum L cause, by the third
lsw, the action and reaction forees are equal in magnitude but apposite
in sign and their sum {3 zero. It follows that the right side of Eq.
(10-3) is just the resultant §e of all gxtarnal forces due tO agents out~
side of the sysiem of particles:

-
When “he net external force is zevo, we have
dF/ae = 0
and the momentum of the system is conserved,
-

P = conggant

Another wa¥ to express this principle {g to state that
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When the net external force acting on a sys-

tem is zerc, the total initiol momentum is

2qual to the total fipal momentum
1

¥
or, when F© = 0, then

Einitial B izfinal (o-7n
Note that this is a vector equatfion which can be reduted to components
when necessary.

Problems in this set entail recognition of the fact that when
the external farce i8 zero in a given directfon, then the component
of momentum In that direction 1s conserved. The principle of momentum

conservatfon is applied to find the final velotity of a body maving in

one dimension.

PROBLEM

An B-ton, open~top frelght car {s coasting at a Speed of 5 ftfsec
along a frictionless horizontal track. It suddenly begins to valn hard,
the ralndrops falling vertically wirh respect to ground., Assuming, the
car *0 be deep enough, $0 that the warer does not spatter over the top
of the ear, what is the speed of the car after it has collected 4.5 tons
of water?

SOLUTION

There are no external forces in the herizontal direction acting on the
car~water System. Therefore, momentum is conserved. Thus,

myvy ® mef

ard Mg _8 toms
vg = v "5 VL T T25 toms x _5 ft/sec = 3.2 ft/sec

Note that, since the mass (or weight) of the system is involved in
a ratio, ve conversion to slugs {lb) is necessary.

PAFulToxt Provided by ERIC
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ENABLING PROBLEM

A swimmer dives fvom the stern of a stationsry 1 whoatr. His
mags 1s 70 kg and that of the rowboat 140 kg. The horizontal componant
of his velocity vhen his fect leave the bpat {5 3 m/sec relative to
the water. What is the speed of the hoat Immediately after rhe dive?

SOLUTION

The momentum of the system {3 zevo before the dive. In the abasnce
of an external force, momentum is conserved during the divei there-
fore, the momentumn of the system after the dive is also zero. We
simply have to s0lve the eguation myjv)y + B,v,. = 0 for vpy. Thus.

MVix 70 ko x 3 m/sec
Uy % ” - _EEEB—EE—-u— = 1.5 m/sec

the minus 5ign indicating that ¢2x is directed obpositely to ?;x.

COMPETENCE CHECR  10-4

A block of wood of mage M » 0.8 kg is suspended by & cord of
nepligible mass. A bullet of mass m » 4 gm is fiyed horizontally ap
the block with & muzzle velociry of 400 m/sec. The buller remains
enbedded in the Wlock. What 1s the speed with which the wood block
{uith bullet embedded) is set into motion?
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REVIEW PROBLEMS

AL, A block moves horizontally with a velocity of ? ftfsec. Tte wass is

4 slugs. What 15 its momentum?

A2, An object nf mass 2 kg uoves to the right with a velectry of & m/recs

another chject of mass 4 kg moves to the left with a veloeitv of 2 m/sec.

What is the total momentum of the s¥stem?

A3, The mwomentum of a system is changing 2t the rate of 5 kg-m/sec,

What 15 the magnitude of the net external foree cxerted on the system!

A4. The total mass ©f a system ig 2 kg, The momentum of the Svstem is
chenging at the rate of & kg-w/sec. What Is the mapnitude of the system's

center of mass acceleration?

45. Two objects attract sach other, but are not under the fafluence of
any other forees. Which of the following statements is true?
A, the center of mass accelerares
the center of mass may move &t constant velocity
the center of mass must be stationary

a center 0¢f mass cannot he defined for interacting particles
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A6, When a group of particles is subfected to external faTcess the cen-

ter of mass moves as though it were & patticle subjected to the sum of
all the external forces. The mass of this fictitfpus particle is
A, the svarage mass of the group of particles
the mass of the heaviest particle in the group
the mass of the lighte.. parvicle in the group

the sum of the masses of the particles in the group

PAFullToxt Provided by ERIC
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REVIEW PRCBLEMS

Bl A body with & mags of 3 kg slides dowm a curved track which 18
one quadrvant ¢f a civele of radive 1 m, If the track i Fricrionless and
the block starts from resc, what
A iz the momentum of the block at
the botrom of the trrack,

B2 Four parcicles, each of mase 3 kg, occupy the four
cornere of a4 4 m * 4 p Bquare as shown in the diagram. Each particle ia
moving with & spead of 10 m/sec in the direccion showe in the diagram,

v i
Vs

. (a) Locate the coordinetes of the center of mass of the four-particle
ayster in the coordinate system shown in the dizgrem.

(b) Caleulate the velocity of the center of mass of this syatem.
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A force of constant direetion Biven by

Fw -% kel ne (k= 8 nt/sec?)

£8 exerted on &4 2-kyg particle vhick {g initially moving at a speed of
10 m/gec. ¥ind the momentun of the particle at the end of 3 seconds.

B4 A nucleuvs, orfginally at rest, decays vadlorctively by emitting
an electron of momentum 9,22 x 10716 gn.cm/sec, and at right angles to the
direction of the elactron & neutrine with momentum 5.33 % 10715 gm-em/sec,
Whar i3 the magnitude of the momentum of the residusl nucleus?
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ANSWERS TO COMPETENCE CHECES
-1 8.9 kg-m/sec

10-2 A

16-1 150 kg-m/sec?

10-4  1.99 m/sac
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ANSWERS TO REVIEW PHOBLEMS

Al
a2
Al
Ab
Ad

Ab

8 slug~ft/gec
zery

5 n¢

3 m/sec?

B

B

13.3 kg-m/sec

{a} =x_,_ = 2m;

cm "'2111

Yom
56 kg-m/sec L

1.06 x 10~!5 gweem/sec
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friceionlegs systeme, 8o that The motion OF vibration can continue for

an ipfinite duration. Such morion i termad undamped. In any resl case,

however, friction is present, snd st the motion decreases and eventuali
vanighea. Such motiop i3 temmed damped. This differepce is illuscrated

in the figures below.
x
[\ /_\ ﬂﬁ}_\ng
' UUVV""“""‘_t

Undamped Damped

There ave other quantifies assoclaved with simple harmonic motion.
The first is displacement, the actual displacement of the particle froem
the otigin. Displacement varies with time. and may be positive or nega-
tive. The second 18 the amplitudg (A}, which is the magnitude of the
maximom displacement. Amplitude slways has a peitive value. The quan~
tities in SHM are most easily visualized when dlsplacement versus time

tg pistted, as shown in the following diagram.
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displacement (X}

A

displcement waries with fime

*
A T

Y

The following problems are exercises in the definitions of ampli~
tude, displacement, frequency and period. and in the relation between

frequency and Pericd.

PROBLEM

t (sec on&_sf_—

The graph describes the motion of a particle in that it shows the
digplacement x 85 & functiom of time. From the graph, what s the
amplitude, frequency, and displacement at ¢ = 15 seconds?
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SOLUTION

The graph shows a motirm which is pericdic; l.e., one which repeats
{eself at regular intervals. In addition it can be described by a simple
trigonometric function—the gine function~-and thus the motion fs simple
harmonic. The maximum eXcursion from eguilibriem is 3 cm, and thus the
amplitude is 3 em. The motion repeais {rralf every 20 seconds; the
period, or periodic time, ¥, 1s 20 seconds. The reciprocal of the

period is the freguency v, and in this came

v ow LfT o 1720 sec™t =« 05 Haz

The dispiacvement is found from the graph at & = 15 seconds and equals
~3 em.

ENARLING EROBLEMS

1. The follwwing grapha show the displacement of 3 partizle as a

function of time. Which one 48 executing pericdic motiom)
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SOLUTION
The correct answer is C,
The motion repeats ttself at regular intervals and so is periodic

A& ~ INCORRECT - Hotice that the vibration is deeaying--no peak is as
high as a previous one, and thus the motion never repeats ftseif. It
therefore cannot be periodic in the strict sense of our definition.
Surh motion is often guali{ffed as damped periodic motion.

B~ IRCORBECT - The motion is a slow asymptotic decay te zero, 1t doss
not repeat and therefore cannot be periodice.

D - INCORRECT — Rptice the time intervals betuwesn the instances where
the line ¢tosses the x axis, They are constantly jscreasing, and thus
the motion does not have regularity, 1t caanot be periodic.

2, The following graphs show the motion of a particle as a function
of time, Which one describes a particle exsatuting simple harmonic
worion?

. A B.
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SOLUTION . ; d’

B is a sine curve; since SHM ia describable in terms of either a single
sire or cosine function, the motion is simple harfonic.

A, C ~ INCORRECT ~ In order that the morion he simplé harmonic motion,
ft should b expressible in terms of a single sine oy cosine term.
This ia obviously not the case, and so the motion cannot be simpl
harmenic. '

D - INCORRECT ~ This curve 1s a decreasing or decaying or a damped sing
curve. The motioh never truly repeats, and so technically the motion is
not periodic. It s tezrmed dawped simple harmonic wmotion.

COMPETENCE CHECK ~ (50-1)

P
4 X

w2

for the above graph showing simple harmomic motion, what is the period?

What ere the frequency, amplitude, and digplacement at ¢t = 3 seconds?
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30-~2 The Fquation of Motion of @ Simple Harmonic Oscillator

En Figure 1 a mass is attached to 2 light {massless) elastic spring;
that ig, one that exerte a restoring force which is proportional g the

displacement, Such a syatem executes simple harmonic metion, as 1s indi-

)

"y Y
-~ ~
S
< BN
ht

7

cated in the diagram.

FPigure 1

It 15 possible to describe this motion analytically by the use of Newton's
second law of motion and by Hocke's law, which relates the deformation
of the apring to the force of restoration ewerted by the spring.

The strategy is very straight forward. Write Newton's seéond law
for the mass, and reaiize that the furee term in the second law is sup-

pliad by the spring. This equation is

a2x
LRyl ~kx

or, upon rearranging,

42x 2
dez tux =0




Wl - k/m

The quantity w {g called che sngular frequency of the motion for reasons

which will be made apparent in the problems.

One may wonder why che force due to gravity, -mg, is not included
in the force term since we have considered a spring which is suspended
vertically. The regson ig that X is a displacement of the mass from an
equilibrium pesition which already includes the extension due to gravity.
Ta gge this, we may call the total displacement ¥ and write the second

law:

dZ

If we make a simple substitution
y = x -~ m8/k
the differential equation hacomes

4%
L -kx

which is our original equation. The diffsrence, therefore, hetween total
displacement y and displacement from eguilibrium » is & conscant.
The problems which follow pertain to the derivation and golution of

the aquation of motion for 2 simple harmonic oscillator.
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PROBLEM

In the diagram, a weight of 2 pnewtons 1¢ actached to a spring, and the
extension 15 observed to be 0.2 meters. Next the weight is replaced by
8 2 kg mass and the mass-spring combination is caused to vibrate. Find
the angular frequency of the vibration and write the equation of motion
for this system.

SOLUTION

The spring comstant k is datermined by equating rhe forece, kx, due to the
spring's elengation to the weight;

k(.2 m) = 2 ot
k = 10 pt/m

Now the angular frequency w {s found for this spring with an attached
2 kg mass,

w = Vi/m » V5 gec™!
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Newton's second iaw, F = ma, as applied to the oscillator is

o a*x S
dre ®

where x is the displacement from equilibrium; the restoring force is
-kx, the minus sign implying that the fotce supplied by the spring is
always opposite to the displacement.

“uy

gﬁ Equilibrive Position _
m

The statemant of the law may be yritten as

d%x 2
dt2+u!1("0

where w = vkfm, In the present case, this is

32x
m+5x=0
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ENABLING PROBLEM

1. 1In the oscillator shown, the spring has a spring constant k.

.

S

m
Whet x 15 the displacement of the spring, the restoring force as deter-
mined by Hooke's law is
A, kx
B. kx?

C. ~kx

SOLUTION

The restoring force is girected opposite to the displacement and is
proportional to itr. Thue the restoring force must be equal to the
negative (implying restoring) of a constant multiplied by displacement;
l.e., F= ~kx.
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COMPETENCE CHECK - (50-2)

A waight is attached to the end of 2 vertically suspended spring.
The axtension cauged by the weight is 1.22 meéters. The same weight is
then suspended by two springs identical to the firsr, as shown in the
diagram. Find the angular frequency of wvibraticn for the dovble-spring
svstem and write the equatior of motion.

e bl i,

PROBLEM

A simple harmonic oscillater has a vibrating mags m and the spring
constant ¥. Write & general solution to the equation of morion and
show that apgular frequency w and petied T are related by

wT = 2%

SOLUTIOR
The equation of motion for the oscillator is

42
E‘%‘-ﬁ* wlx = 0

The equation Is second order, homogeneous and with constant coefiicients.
The solution to rhe equation must have two arbitrary constanta, and it
iz known that the solution is

x = A sin{wT + §)

where A and € are arbitrary constants.

§
3
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You may verify that this is indeed a solution by diFferentisting twice
with respect to time, and substituting in the equation of motion.

The solution may be transformed te ancther fzrm by using the trigeno-
metric identity

sin (@ * B) = sin o co8 B + cos o sin £
Let = = wt and £ = &, and sa obtain
Asin (ot + &) = A gin wt cos § + A cos wt sin & 3]
Now define constants B and C go that
Be Acog &
and
C=Asin 8
Eguation (2) then becomes
Asin {wt + 8§} = B 8in wt + C gin wt

Notice that the righthand side of this result is equal to x a3 shown
by Equatiom {(1}:

x = B sin wt 4 € cos uwt (3
Equations 1) and (3) are eguivalent forms for the general soclution of
the harmonic eacillator equation. The motion is simple harmonic because
it can be deacribed by a single sine function as Seen in Equation (1},
The relation between w and T can be found from the fact that the value
of the gine function is unchanged by advancing the angle by 2Zv,

ging = sin{d + 2n)
Wwhen time t sdvances by ope pericd T, the value ¢f X mwust be unchanged:

x = ginfut + &) = ginfele + T] + &)
The argument of the rightmost sine function is larger than the other
argument by wl. 7Tn order for both sine functions to be equal, aT must
equal 2w:

wl = 27

This {wportant relation is formally identical to the defining equation
for angular frequency in rotaticnal motiom.
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DOMPETENCE CBECK - (50-3)

A gimple bharmonic pscillator has angular frequency £, Write the
general solution to the equation of moticon in two forms; as a single
gine function, and as the sum of sines and cosine funetions, Find &
relation betwean U and the perled of the wotion T,

PROBLEM

Tvo oscillators are constructed using equal masses m and identical
aprings of constant k. Next, one of the springs {ig cut in half and so
the value of k 15 altered. Call the oscillator with the long spring 4
and the ope with the short spring B, How are their frequencies related?

SOLUTTON

From T = 27, we obtain

TI’H
[F}
therefore
1 o)
VR oy
But
m! }i
Vn
T4

1 (kg 1 fks
Vo " T ey and e "V o

How, when a epring is cut ip half, the spring constant of each half
is double that of the whole spring. (It takes twice as much force te
cguse unit extension.)

Using the relation kg = Zk,, we obtain

Vg ® /2 Yy
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ENABLING PROBLEMS

1. The graph shows the elongation of & apring versus the load placed
on it. The spripg constant k is

5°I-w-ww—-w-w*'- R e )
I
‘o- t
— i
E 304 *
i
° 20+ I
8 ;
10+ :

N T—

1 2 3 4 L]

displacement (em)

A, 103 aeim

8. ~10% nt/m
€. 10 nt/m

D 6.25 x 1072 gpep?

SQLUTION

The spring constant k is the load per unit extension, or the proportion-
ality between load and extension. Thus

50 nt 50 nt 3 Rt
k= T oy “5)(10“'?-131'10 ®

2. A 10-kg mass is attached top a spring of Spring constant k = 103 nt/m.
What 1z the period of the oscillating system?
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SOLUTION ]
The period T is determined by
wT = 27

s .21, 6.28
W b

Now

T= Qﬁgﬁ = {}.628 zec

3. A apring of constant k is cut in half, Yhe spring constant of
each half 1s

A,k
B. 2k B
C. kf2
T, 4k

SOLUTION

Imagine the spring to be stratched by & force po that the extension
is 1 m, This force is equal to k, Each half ls atretched with an
extension of 1/2 meter. A foree of double this value is needed to
stretch each half one meeer, Therefore a half-spring has double the
spring constant of a whole one,
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CHAPTER 50

COMPETENCE CHECK - 50-4

17

Two oscillators are constructed using efual wesses % and identical

springs, each of spring constant ks

Next, one of the springe is

shortened by cutting it and discerding 3/4 of its length. If the

oscillator with the long spring is celled A, and the other ¢a B, the
frequencier are rmlated by

F

Cy

Vp " 2y
ZuA =y
VA - 4\’3

‘“’A‘VB
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50-3 The Amplitude gad the Phase Angle

The general goluticn to the simple harmonic equation of motion 1s
%= A gin (wt + &) {1)
In order for this expressfon to apply to a specific osclilator, numerical
values myst be assigned ro the parameters w, A, and 6. We will see that
angular frequency u has a definite value for 2 glven oscillatoy, but the

congtants A and § are different for different initial comditions of the

same oscillacor.

I the dlagram, displacement X 1§ - lotted on the ordinate axis, and
the time 1g Plotted on the abscisss. The angular frequency w ig deter-
mined by the physical cometants of the oscillator; in particular, should
the oscillator comprise a mags B angd & spring wich constant ¥, them u is
unigquely fixed as

w = ifm
for that oscillater.

Amplitude 4 18 defined a5 the maximum dfsplscement of the oscil+
lator, and 48 aluays a positive quantity., The amplirude is not fixed
for & given cscillator, but 1s at the disposal of the experimenter who
may lopart & large oF small smplitude ag will., Amplitude is deploted in

the disgram 35 the maximum heilght pf the gine curve.
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“\ T /\

The constsat & 1s variously termed the phage constant, phase angle,

or $imply phase. Like amplitude, phase 5 is annther arbifrary constam

of integration (a second order differential equation must have two) and

i,

mevely describes the stzte of the motion ar the instant the experimenter
started the timew~clock {t © 0), & too i3 at the experimenter's disposal,
and 1t too does not affecy the Iregquency. h

The problems helow require a koowledge of the Lasic displacement

equation (1) in order to recognive or calculate emplitude, vhase, and

frequency.

PROBLEM

A simple harmonic oscillator is releaped from vest at a displacement
of 3 cm. The angular frequency of the cscillator is 7/4 radians/sec,
what 1s the displacemenr of the oscillator after 2 seconds?
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SOLUTION
An expression for the displacement of a single harmonic pscillator 1s:
x = A s{glut + &) (1)

In order te find the amplitude A and phase angle &, we express the
inir{al conditions (the conditions at t » 0) o eguation form:

fnirfial displacement 3= A gind (2)
initial wvelocity 0 = Au ¢osé {3

The last expression for velocity 18 obtained by differentiating x with
regpect to time,

v = dx/dt = As cosl{wt + &)

and then sertink time to zero.

Equations (2) and {3) can be solved For two unklowns, A and §. From efua~
tien {2} we see A cannot be zero;

0 = cosd
This is sarisfied by

§ = /2 | (4}
Potting this value fnto Eq. (1), we have

3 = A ginn/2
ar

3= 4 (5}

Putting the walues A, §, and w into Eq. (1) pives an expression for the
displacement of the pscillator {in cenrimeters} at any time in 1tg historys

x = 3 ginlw/é v + 1/2)
For the case at hand,
t = 2 sec
and we obtain
£ (at twe seconds) = 3 ginn

= - 3 om
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ENABLING PROBLEM

Find an expression for the velocity of a simple harmonic oscillator
which is governed by the displacement relation

% = A sin{wt + &)

SOLUTION

This is an exercise in differentiation. Recall the sinple Formula

d_- 3 = g}}- *
at {giny)} = cogu (dt)

In this case,

e wt b
arut
du
dy © Y
Finally,
v = du/dt .
= a4
A dt sinu
- ay
A cosu (dt)

Aw cos{wt + &)

COMPETENCE CHECK - (50-3)

A simple barmonic pscillator has an angular frequancy of "/4 radians/
sec. Initially, it ig ar the equilibrium poasition (x = 0) and moving with
velacity 7 ft/gee. Find the position of this oscillator after two seconds
have glapsed,
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Frr,

REVIFM PRORLEMS

Al. Define periodic motion.
A2, Define frequency of oscillation.
A3. Define pimple harmonic motion.
\\. Ad. Define amplitude of simple harwonie motion,
A5, The #auilibrium pesition of any oscillator is
A. the maximum displacement
BE. the point at which net force iz zero
. the position at which speed is least
D. always the central point of the mation
A6. VWhat kind of force causes a particle to execute simple harmonic

g motion?
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REVIEW PROBLEMS

Bl A particle executing simple harmonic motion vibrates with a period
of 1 sec and the maximum distance between any two points of the parti-
cle's path is 4 em, fFind the amplitude and angular frequency of the
moetion.

B2 A .5 kg mass oscillates while suspended from a spring with a spring
constant of 2 nt/m. UWhat i# the emgular frequency of cscillation?

B} Write a peneral expr2esion for the displacement of a simple har-
monic pscillator and i{dentify the symbols uged.

B4  An oscillator with period 2 sec 18 constructed from a 1 meter
spring. What length of spring should be discarded to reduce the petiod
to I gec?

B5 ¥Find the velocity at t = 3 sec of a simple harmonic oscillator
governed by the displacement expression {(in meters)

* = 5 sin(2t + .28)




CRAPTER 50

i
ANSWERS T REVIEW PROBLEMS
A5 B
At A restoring force which is proportional to the displacement of the
particle frowm the equilibriwwe position.
Bl 2 cm, Zn radiamsfsec
B2 2 radiasns/sec g *{“
Bl x = A ginfut + &)
x is displacement
A 1s amplitude
w is anfular frequency
% : t iz time elapsed

§ is the phase constant
B4 JE8m

B> 10 wu/sec
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ANSWERS T COMPETENCE CHECKS

50-1 4 gec, .25 Hz, 2 em, «2 cm

50-2 4 radians/sec, d?x/dt? + 16x = Q

50-3 x = B sindt + C coslt, x = A sin(Rt + §), where A, B, €, & are
arbitrary constants

50-4 B

50-5 « fr




