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COMMENT TO USERS

In the upper right-hand corner of each Mastery Test you will find the "pass"
and 'recycle" terms and a row of numbers "1 2 3 ..." to facilitate the
grading of the tests. We intend that you indicate the weakness of a student
who is asked to recycle on the test by putting a circle around the number of
the learning objective that the student did not satisfy. This procedure will
enable you easily to identify the learning objectives that are causing your
Students difficulty.

ERRATA
In Work and Energy, p. 2, Objective 3 should read
34

Work-energy theorem - Relate the work done on a particle to the change in
its kinetic energy, and solve problems of particle motion in one dimension
using this relationship.

Work and Energy: p. 7, last line, "d = Kf/F..."

P. 9, G(4)(d) "JAZ I."

On p. 10, the solution to Problem H, part (b) should be
v(t) = /225 -I- (2)(7.2 x- 10')t /(.5 x 104)

.

In the Grading Key to Mastery Test C, in the second Eq. (2) of Solution 6:

3.00MT

F

(1)

2

(100 + 3.000

112

We shall correct these and any other errors brought to our attention when the
COP Modules are reprinted. We would be happy to receive your` suggestions or
any corrections that you discomr necessary in using the modules.

4

COMM TO USERS
It is conventional practice to provide several review nodules per seJester or
quarter, as confidence builders, learning opportunities, and to consolidate what
has been learned. You the instructor should write these nodules yourself, in terms
of the particular weaknesses and needs of your students. Thus, we have not supplied
review nodules as such with the CBP Nodules. However, fifteen sample review tests
were written during the Workshop and are available for your use as guides. Please
send $1.00 to CBP Bodules, Behlen Lab of Physics, Univetsity of Nebraska
Lincoln,
Nebraska 68588.

ELMS
This printing has conpleted the initial CBP project. We hope that you are finding
the materials helpful in your teaching. Revision of the modules is being planned
for the Summer of 1976. We therefore solicit your comments, suggestions, and/or
corrections for the revised edition. Please write or Call

CBP WORKSHOP
Behlen laboratory of Physics
University of Nebraska
Lincoln, Ni 68588

Phone

(402) 472-2790
(402) 472-2742
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Nodule
STUDY GUIDE

WORK AND ENERGY

INTRODUCTION
Energy is much in the news lately. The term "energy" usually refers to the
inherent ability of a material system, such as a person, a flashlight battery,
or rocket fuel, to bring about changes in its environment or in itself. Some
COMM sources of energy are the fuel used to heat hot water, the gasoline
that propels a car, the damned water that drives the turbine in a hydroelectric
plant, and the spinning yo-yo that can climb up its own string.
Inanimate
energy sources are of central importance in raising the standard of living
of mankind above the subsistence level.

The physicist distinguishes among several types of energy, including kinetic
energy (associated with a flying arrow or other roving object), elastic energy
(associated with stretched or compressed strings), chemical energy (associated
with fuel-oxygen systems or a storage battery), thermal energy (associated with
the sun and other objects that are hotter than their surroundings), and nuclear
energy. Applications of the energy concept in the science of mechanics, which
you are studying now, usually concentrate on kinetic energy, potential energy
(to be introduced in the module Conservation of Energyhand work (the transfer
of energy by the action of a force). Sometimes the phrase "mechanical energy"
is used to refer to the forms of energy of importance in mechanics.
When you get on your bicycle, you have undoubtedly noticed that it takes a good
deal of effort to get yourself moving rapidly. If you exert yourself very
strenuously, you can reach a given speed after a short distance; or you can
take it easy and pedal over a longer distance to reach the same speed.
In some
sense it always takes the same amount of "work" to reach a given speed - either
a large exertion for a short distance or a small exertion for a long distance.
You may also have noticed that if you are carrying a passenger on your bike,
then it takes more "work" to reach the same speed.
It turns out that these intuitive relationships among the "work" done on a
system, its mass, and changes in its speed can be sharpened into a precise
statement, called the work-energy theorem. (One caution, though: the technical
definition of work needed for this precise statement is different from its
everyday usage and physiologic meanings; e.g., you do no work on a heavy box
by merely holding it still.) As you will begin 'Co see in the present module,
this relationship between work and mechanical energy gives you a new and
powerful tool for the solution of many problems, a tool that is often easier
to use than a direct application of Newton's second law.

6
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Work and Energy

2

PREREQUISITES

Before you begin this module,
you should be able to:

Location of
Prerequisite Content

*Calculate the dot (scalar) product of two vectors,
given rectangular or polar descriptions (needed
for Objectives 1, 3, 4 of this module)

Vector
Multiplication
Module

*Distinguish between displacement and position,
speed and velocity (needed for Objectives 1, 3,
4 of this module)

Rectilinear
Motion
Module

*Given position or velocity as functions of time,
find the velocity or position (needed for
Objective 4 of this module)

Rectilinear
Motion
Module

*Construct free-body diagrams (needed for
Objectives 1, 3, 4 of this module)

Newton's Laws
Module

*Apply Newton's second law of motion (needed
for Objectives 1, 3, 4 of this module)

Newton's Laws
Module

*Calculate the definite integral of polynomial
functions (needed for Objectives 1, 3 of this module)

Calculus
Review

*Find the derivatives of polynomial and rational functions
of one variable (needed for Objectives 1, 3, 4 of this
module)

Calculus
Review

LEARNING OBJECTIVES
After you have mastered the content of this module you will be able to:
1.

Work - Define the work done by a force and the work done on a particle;
calculate the work done by a constant or variable force oriented parallel
or obliquely to the displacement of the particle.

2.

Kinetic energy - Define and calculate the kinetic energy of a particle or
system of several particles, given their masses and velocjties.

3.

Work-energy principle - Relate the work done on a particle to change its
kinetic energy, and solve problems of particle motion in one dimension
using this relationship.

4.

Power - Define power and apply the relationships of power to work, force,
velocity, and kinetic energy in connection with the motion of a particle
in one dimension.

7
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3

Work and Energy

GENERAL COMMENTS
Your text deals exclusively with the energy concept in the context of
Newtonian mechanics. Actually, energy is much broader than that, and
your understanding will be helped if you are aware of other scientific
uses of the energy concept.* The text's definitions of work and kinetic
energy are chosen to be useful in mechanical theory, and therefore may
sound very abstract to you.

*For instance, see Introductory Physics: A Model Approach [by Robert Karplus
(Benjamin, New York, 1969)), Chapters 4, 9, 11, and 14, especially if you
have not had physics in high school.

8

STUDY GUIDE:

TEXT:

4(B 1)

Work and Energy

Frederick J. Bueche, Introduction to Physics for Scientists and Engineers
(HcGraw-Hill, New York, 1975), second edition

SUGGESTED STUDY PROCEDURE
After reading the General Comments, please read each of the comments below along
with the text section primarily dealing with the objective as keyed in the table.
Your text readings are from Chapter 8.
Follow the order of the objectives and
pay special attention to the examples in the text and to the additional
Problems with Solutions in the study guide. After concluding the reading and
examples, work out the assigned problems later in the study guide. Hints for
solving these, if needed, are given at the end. Finally, check your learning
by taking the Practice Test.
In relation to Objective 1, note that the physicist's technical definition of
work is introduced gradually by proceeding from a simple case (constant force)
in Section 8.1 to the general case (variable force) in Eq. (8.3). The integral
in Eq. (8.3) is called a line integral because the integration extends along the
In this course you will only be asked to
line (path) of the particle's motion.
evaluate the work for particle motion along a straight line. (Skip Section 8.2
for now.) Note that the vector force in Eq. (8.3) may vary in magnitude and in
(Note: we shall
direction; what matters is the component along the path dt

use di for line integrals because dt is more commonly reserved for areas.)

BUECHE

Objective
Number

Readings

1

Secs. 8.1, 8.3

2

Sec. 8.4

Problems with
Solutions

Assigned Problems

Study
Guide

Text*

Study
Guide

A, B,
C

Illus.
8.3,
8.4

I, J

Illus.

K

D

Additional
Problems
(Chapter 8)

1 to 4

8.5
3

Sec. 8.4

E, F

Illus.

1, M

5 to 8, 14

N, 0

Quest. 7
9 to
Probs.

8.5

4

Sec. 8.2

G, H

Illus.
8.1,

8.2
Illus. = Illustration(s).

14

Quest. = Question(s).
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Work and Energy

4(B 2)

For Objective 2 don't be put off by the reference to impulse at the beginning
of Section 8.4. The same result follows directly from Newton's law as stated
in Eq. (5.1) in Section 5.1. You may be surprised by the integral over
the variable v on page 116. The purely mathematical manipulation is an
application of the abstract definition of the definite integral to the sum
that has to be evaluated. The kinetic energy K -= COmv2 is defined in the
text after Eq. (8.5).
It is a scalar quantity that may be found for a system
of several particles by merely adding the kinetic energies of the individual
particles.
Objective 3 is treated only briefly on p. 117; you will gain your understanding
of the work-energy theorem by working on problems or by looking at another text.
For Objective 4 go back to Section 8.2. Equation (8.2c) shows that the power
P is constant if both force and velocity are constant, and this applies in
Illustration 8.1. When a car or other vehicle has an engine that delivers
constant power and the velocity changes, then so does the force, as in Problem
H.
If the force is constant and leads to an acceleration of the moving object,
then the power must vary according to Eq. (8.2c) as in Problem G.

10
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Work and Energy

4(HR 1)

David Halliday and Robert Resnick, Fundamentals of Physics (Wiley,
New York, 1970; revised printing, 1974)

SUGGESTED STUDY PROCEDURE
After reading the General Comments, please read each of the comments below
along with the text section in Chapter 6 primarily dealing with the objective
as keyed in the table. Pay special attention to the examples in the text and
to the additional solved problems in the study guide.
After concluding the
reading and examples, work out the assigned problems later in this study guide.
Hints for solving these, if needed, are given at the end. Finally, check your
learning by taking the Practice Test.
In relation to Objective 1, note that the definition of work is gradually
introduced in Sections 6-2 to 6-4, proceeding froM the constant-force case
in Eq. (6-2) to the variable-force case in Eq. (6.10).
Equation (6-9)
apparently has an infinitesimal left-hand side and finite right-hand side.

HALLIDAY AND RESNICK

Objective
Number

Problems with
Solutions

Readings

Study
Guide
1

2

Secs. 6-2 to
6-4
Sec. 6-5

Assigned
Problems

Additional Problems*

Text
(Examples)

1, 2

A, B,

Guide
I, J

C

K

D

Quest. 1 to 5, 9,
Probs. 1 to 10
Quest. 7, Probs. 13,
15

3

4

Secs. 6-5,
6-6

E, F

3, 4

L, M

Quest. 6, Probs. 11,
12, 14,
16 to 24

Sec. 6-7

G, H

5

N, 0

Probs. 25 to 36

*

Quest. = Question(s).

It is a mixture of two equations:

4. 4

AW = FAr = F cos f Ar(finite Ar)
and

(1)

dW = Fdr = F cos

41

dr (infinitesmal dr).

The latter is applicable in the limit as Ar approaches zero. By integrating
both sides you obtain Eq. (6-10). As explained in the Introduction, the.work
concept is especially useful when forces in a problem vary as functions of
position, because the integration over position in Eq. (6-10) can easily take
this variation into account. The integral in Eq. (6-10)is called a line integral

11

STUDY GUIDE:

Work and Energy

4(H11 2)

because the integration extends along the line (path) of the particle's motion.
In this course you will only be asked to evaluate the work for motion along a
straight line.
A very important point to remember in applications of Eqs. (6-2) (constant force)
or (6-10) (variable force) is that the force may be the resultant force acting
on a particle, or it may be a particular force of interaction of the particle
with another object (pull of a rope, friction, force of gravity). The two
very good examples in Section 6-2 both happen to have zero resultant force
(zero acceleration), and that will not always be true (Examples 3 and 4).
Objective 2 is satisfied by Eq. (6:12) and the last paragraph of Section 6-5.
Note that kinetic energy K = Mmv4 is a scalar quantity, not a vector, so
that the relative directions of the velocities of many particles in a system
are immaterial as far as the total kinetic energy is concerned.
Objective 3 is stated in Eq. (6-14) and illustrated by Examples 3 and 4.
Applications of the work-energy theorem are very diverse and can involve the
use of Newton's laws to help find the forces that must be known if the work
is to be calculated. Here you must again remember to distinguish between the
resultant force on a moving body (this accelerates the body and affects its
kihetic energy) and the individual forces of interaction with various separate
objects that may do positive or negative work on the moving. body. Free-body
diagrams will help you keep these in mind.
Objective 4 is treated in Section 6-7, and one example with a constant force
is given.
If the force is not constant, Eq. (6-15) applies. Together with
Eq. (1) in this study guide, you can show that the first equation in Example 5
is true in general:
P = dW/dt = (-Fd;)/dt = F.(4,/dt) = F v.

(2)

If a car or other vehicle has an engine that delivers constant power
(constant P), and the velocity changes, then the resultant force F
acting on it must vary; if the resultant force is constant and the
Keep all the possibilities
velocity varies, then the power P must vary.
in mind, and look closely at the study guide Problems G and H keyed to this
objective.

12
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TEXT:

4(SZ 1)

Work and Energy

Francis Weston Sears and Mark W. Zemansky, University Physics (AddisonWesley, Reading, Mass., 1970), fourth edition

SUGGESTED STUDY PROCEDURE
After reading the General Comments, please read each of the comments below along
with the text section in Chapter 7 primarily dealing with that objective as keyed
in the table..
Pay special attention to the examples in the text and to the
additional solved problems in the study guide. After concluding the reading
and examples, work out the assigned problems given later in this study guide.
Hints for solving these, if needed, are given at the end. Finally, check your
learning by taking the Practice Test.
We suggest that you begin reading Section 7-2, which deals with Objective 1.
Mote that the physicist's technical definition of work is contrasted carefully
with the everyday notion. We consider the expression "work done by force" to
be better physics idiom than "the work of a force" used to introduce Eq. (7-3).
The integral in Eq. (7-3) is called a line integral because the integration
extends along the (possibly) curved line (path) of the particle's motion. In
this course you will only be asked to evaluate the work for motion along a
straight line.

SEARS AND ZEMANSKY

Objective
Number

Problems with Solutions
Readings

Study
Guide

Text

A, B,
C

7-1, 7-2

1

Sec. 7-2

2

Secs. 7-1,
7-3

3

Sec. 7-1

E, F

4

Secs. 7-9,
7-10

G, H

D

Assigned
Problems

Additional
Problems

Study
Guide
1, tl

Example
(Sec. 7-3)

Example
(Sec. 7-9)

7-1 to 7-6,
7-15, 7-21

7-7 to 7-9

L, M

7-16 to 7-19(a),
(b), (d)

N, 0

7-38 to 7-45(a),
(c),

7-46, 7-47
For Objective 2, return to Section 7-1, where the kinetic-energy formula is
derived. You may have been surprised to see the integral over the variable v
on p. 94. This purely mathematical manipulation applies the definition of the
definite integral as the limit of a certain sum, provided that the limits of
integration correspond on the two sides of the equation, as pointed out in the
text just before Eq. (7-1). Continue with Section 7-3. For a system consisting
of several particles, the total kinetic energy is the sum of the individual
particles' kinetic energies.
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TEXT:

4(SZ 1)

Work and Energy

Francis Weston Sears and Mark W. Zemansky, University Physics (AddisonWesley, Reading, Mass., 1970), fourth edition

SUGGESTED STUDY PROCEDURE
After reading the General Comments, please read each of the comments below along
with the text section in Chapter 7 primarily dealing with that objective as keyed
in the table. Pay special attention to the examples in the text and to the
additional solved problems in the study guide. After concluding the reading
and examples, work out the assigned problems given later in this study guide.
Hints for solving these, if needed, are given at the end. Finally, check your
learning by taking the Practice Test.
We suggest that you begin reading Section 7-2, which deals with Objective 1.
Note that the physicist's technical definition of work is contrasted carefully
with the everyday notion. We consider the expression "work done b force" to
he better physics idiom than "the work of a force" used to introduce Eq. (7-3).
The integral in Eq. (7-3) is called a line integral because the integration
extends along the (possibly) curved line (path) of the particle's motion. In
this course you will only be asked to evaluate the work for motion along a
straight line.

SEARS AND ZEMANSKY

Objective
Number

1

Problems with Solutions
Readings

Sec. 7-2

Study
Guide

Text

A, B,

7-1, 7-2

Assigned
Problems
Study
Guide
I, J

Secs. 7-1,
7-3

3

Sec. 7-1

El F

4

Secs. 7-9,
7-10

G, H

D

7-1 to 7 -6,

7-15, 7-21

C
2

Additional
Problems

Example
(Sec. 7-3)

Example

(Sec. 79)

K

7-7 to 7-9

1.1 H

7-16 to 7-19(a),
(b), (d)

N, 0

7-38 to 7-45(a),
(c),

7-46, 7-47
For Objective 2, return to Section 7-1, where the kinetic-energy formula is
derived. You may have been surprised to see the integral over the variable v
on p. 94. This purely mathematical manipulation applies the definition of the
definite integral as the limit of a certain sum, provided that the limits of
integration correspond on the two sides of the equation, as pointed out in the
text just before Eq. (7-1). Continue with Section 7-3. For a system consisting
of several particles, the total kinetic energy is the sum of the individual
particles' kinetic energies.
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Objective 3 requires you to put together Eqs. (7-2), (7-3), and the unnumbered
equation in the box just before Eq. (7-2):

So

f-6-Fds
-P. =

1

2

nnr2

2
71 nivi.

(1)

s
1

For Objective 4, turn ahead to Sections 7-9 and 7-10. The important result is
presented in Eq. (7-17). The power P is, of course, constant when both vector
force and velocity are constant. When a car or other vehicle accelerates with
an engine that delivers constant power, however, then the velocity changes and
so does the force (Problem H). If the force is constant and leads to
acceleration of the moving object, then the power must vary according to
Eq. (7-17) (Problem G).
In connection with all objectives, note how free-body diagrams are used in
Figures 7-3 and 7-4.
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TEXT:

4(WS 1)

Work and Energy

Richard T. Weidner and Robert 1. Sells, Elementary Classical Physics
(Allyn and Bacon, Roston, 1973), second edition, Vol. 1

SUGGESTED STUDY PROCEDURE
After reading the General Comments, please read each of the comments below
along with the text section in Chapter 9 primarily dealing with the objective
as keyed in the table. Pay special attention to the examples in the text and
to the additional Problems with Solutions in the study guide. After concluding
the reading and examples, work out the assigned problems later in this study
guide. Hints for solving these, if needed, are given at the end. Finally
check your learning by taking the Practice Test.
We suggest that you begin by reading Section 9-1, which deals with Objective 2
by means of an abstract mathematical manipulation. For a system consisting of
several particles, the total kinetic energy is the sum of the individual
particles' kinetic energies.

WEIDNER MD SELLS

Objective
Number

Problems with Solutions
Readings
Study
Guide

1

Secs. 9-2,
9-3, 9-5

Text
(Examples)
9-1(a),
9-2

A, B,

C

D

2

Sec. 9-1

3

Secs. 9-3,
9-4, 9-5

E, F

4

Sec. 9-6

G, H

Assigned
Problems

Additional
Problems

Study
Guide
I, J

9-2, 9-5, 9-6,
9-9, 9-10, 9-13
to 9-16(a), 9-17,
9-20

K
9-1(b),
9-3, 9-4

L, M

9-3, 9-4, 9-7, 9-8,
9-11, 9-26

N, 0

9-22 to 9-25

To deal with Objectives 1 and 3, continue your reading in Sections 9-2 and 9-3.*
Note that one is looking for changes in speed and kinetic energy, hence one
selects the component of force parallel to the direction of motion for the
left-hand side of Eq. (9-4), which is called the work. Section 9-2 considers
only the change in kinetic energy due to a force acting on a particle over an
infinitesimal displacement dr, a limitation not clearly visible from the
right-hand sides of Eqs. (9-4) and (9-6).
*Seven lines from the bottom on p. 134, the first equation should read vf1 = vi2,
not vfi = vi2.
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The limitation of infinitesimal displacements is removed in Section 9-3 where
there is a careful derivation of the work:
(1)

Wig

done on a particle by the resultant force F. Two very useful theoramsfollow,
concerning the work done by each individual force of interaction (F1, F2, ...)
and the work done by each rectangular component (Fx, Fy, F2) of the force.
Regarding the statement after Eq. (9-7a), consider this remark: The relation
between work and kinetic energy holds regardless of the path followed by the
particle, but the numerical values of the work done and kinetic energy change
will usually differ for different paths. Study the informative examples at
the end of the section carefully. Sections 9-4 and 9-5 add more details concerning Objective 3. You may skip the first subsection "Work Energy and
Impulse Momentum" in Section 9-4.
For Objective 4, turn to Section 9-6. The important result is presented in
Eq. 9-13, which is illustrated by Problems G and H in this study guide. The
power P, according to the equation, is constant when both vector force and
velocity are constant. When a car or other vehicle is accelerated by an
engine that delivers constant power, however, the velocity changes and so
does the force.
If the force is constant and leads to acceleration of the
moving object, then the power must vary according to Eq. (9-13).

In connection with all the objectives, note how free-body diagrams are used
in Figures 9-4, 9-5, 9-6, and 9-8.

17

5

Work and Energy

STUDY GUIDE:

PROBLEM SET WITH SOLUTIONS
A(1).

and t3 act on a particle of mass M.

The forces Ft,

The forces vary

with the particle's position.
(a)

State the work done by force t2 as the particle moves along
curve C from position it to position 1-'2.

(b)

State the total work done on the particle when it moves subject
to the three forces as described above.

Solution
Ire

Wa =

(a)

F 2-

it (along C)

wb=

(b)

B(1).

fr2 (114

4

2 3
rl (along C)

).4.

A particle moves along the y axis from yi to y2 according to the force
law given below.
in each case.

Find the work done on the particle and tythe particle

The constant y0 equals 3 m.

(a)

Fy(Y) = E(Y/Y0)2 - 16] X: Y1 = -y0, y2 = 2y0;

(b)

F (Y) = (.(y /y0)3

3(Y/Y0)2

6(Y/Y0)

33 N: Y1 = 0, y2 = 2y0.

Solution
W =

f

Y2

F(y) dy is work done on particle.

yl

-W is work done typarticle.
(a)

W =

j 40
Y0

v 2
)

JO

2ym
- 16] dy

[1(-Y)3
Yo

16(1)] y
Yo
0

.

-y0
W = [1(13) - 16(2)1190 - (4 + 16)% = -45y0 = -135 J

(-W) = + 135 J.

Since W is negative and (-W) is positive, work is done ty the particle.

18
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2y0

W =

(b)

Work and Energy

YO

0

W= (4

v 3

- 8

12

- 3(-!-)2
Yo

6

dy = [442)4 - (2)3 + 3(2)2 + 3(2)iy0.

6(-!-)

Yo

6)y0 = 143,0 = 42 J

(-V) = -42 J.

Since W is positive, work is done on the particle.
(Rote:

The integration may be carried out with the help of the substitution
y/yo = x, dy = yo dx.)

C(1).

A block of mass m = 3.00 kg is drawn at constant speed a distance d = 4.0 m
along a horizontal floor by a rope exerting a constant force of magnitude
FR = 8.0 ti making an angle 0 = 15.0° with the horizontal.

Sketch

a free-body diagram for the block, then compute:
(a)

the work done on the block by the resultant force;

(b)

the work done by the rope on the block;

(c)

the work done by friction on the block.

Solution

4.

OMB

s.

Data:

t = 8.0

m = 3.00 kg

it

0 = 15.0

P

d = 410 m

R

N

um

(rope)

=FRx ifFRyi
= -fi

(friction)

Dr = di
(a)

Since the block was pulled at constant speed, -F. = FR + f + Wm + N = 0.

Total work W = I
(b)

roft.

= 0.

the work done by the rope:

W = I FRdr r F
R

cos e d
R
= (8.00)(0.966)(4.0)

= 30.9 J.
(c)

The work done by friction Wf =

-fd = -(7.74)(4.0) = 30.9 J.

(From the x component of F = 0, we find FRx

f = 0, f = FRx = 7.73 N.)

Comparing the answers of (a), (b), and (c), we find W = WR

19
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D(2).

Work and Energy

7

A 1000-kg sportscar moving at 30.0 m/s and 5D00-kg truck moving at
12.0 m/s approach an intersection at right angles.

What is the total

kinetic energy of the two-vehicle system?

Solution
The directions of motion are irrelevant, since kinetic energy is a scalar and
2
depends only on v . Call the sportscar #1, the truck #2:
1

2

2

1

1

2

K = K1 + K2 = ymivi + vite2 = 1(1000)(30.0)

1
4'70000)(12M

2

= (500)(900) + (2500)(144) = 4.5 x 105 + 3.6 x 105 = 8.1 x 105 J.

E(3).

A 2000-kg car travels at 20.0 m/s on a level road.

The brakes are

applied long enough to do 1.20 x 105 J of work.
(a) What is the final speed of the car?

(b) What further distance is required to stop the car completely
if the brakes are applied again and the constant decelerating force
on the car is 4.0 x 10

3

(Use two methods and compare the results.)

N?

(c) What ultimately happens to the car's initial kinetic energy?
Solution
(a)

The kinetic energy of the car (mass 14 = 2000 kg) is converted to thermal

energy of the brake drums and linings by friction.

The work done

W = 1.20 x 105 J reduces the car's kinetic energy from the initial Ki to the
The speed drops from the initial vi = 20.0 m/s to the

final Kf = Ki - W;

final of = ?, where
Ki =

2

2

Kf = ;Air

vf = )77211 = /2(Ki - W)/M 0

A00

5

2 1.2 x 10

)

4f

- 2W/M

r---------

400 - 120

2 x 103
(b)

1=

16.7 m/s.

With applied force F = 4.0 x 103 N, the car moves a distance d, so work

in the amount W' = Fd = Kf is done to stop the car.
d

hmv;IF

4.x 2 x 10

3

x 280
3

4.0 x 10

20

0 70 m.
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Find deceleration a, time to stop t, and distance moved d at the average

speed vav =1)/2kr Use Newton's second law:
a = F/M

-

4000 _
mu
- - 2

02;

t = vf/a =

ig = 8.35 s;

t = h(16.7)(8.35) = 70 m.

d = v

Thermal energy in brakes - see part (a).

(c)

F(3).

The block of mass M in the diagram
rests on a. frictionless surface.

The spring exerts a force Fx = -kx
on the block, where k = 0.75 N/m
and positive x is measured to the
right.

lczo

The spring is not
(spring not compressed)

fastened to the block.
(a) How much work must be done
on this system by an external

agent to move the block slowly
from x = 0 to x = 0.80 m?
(b)

If the block is now released, how much work will the spring do on

the block?
(c)

If the block has a mass M = 0. 330 kg, what is its final speed?

Solution
(a)

The force F:c = -Fx = kx must be exerted on the block to move it slowly,

compressing the spring.

Hence the work W is

0.80

W = f

F' dx,

0

0.80

0.80

W= f

1

kx dx = -2 kx

0

2
I=

1(0.75)[(0.80)2 - (0)2],

0

W = 0.24 J.
Since W is positive, work is done by the external agent.
(b)

Assuming the spring has zero mass, the force it exerts on the block is Fx,

equal in magnitude to the force F' exerted by the agent in (a).

Hence the work

it will do on the block is W = 0.24 J, which will slide away when it passes x = 0.
The block acquires kinetic energy in this process.
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(c) Kinetic energy:
K

=11.1v2 = W = 0.24 J.

v=

Final Speed:
6(4).

/1.44 = 1.2 m/s.

=

A 1800-kg elevator starts from rest and is pulled upward at a constant
acceleration of 2.50 m/s.
(a)

Draw a free-body diagram for the elevator.

(b)

Find the upward speed of the elevator as function of time after
it started.

(c)

Find the power required to raise the elevator as function of time.

(d)

Find the kinetic energy of the elevator as function of time.

(e)

Evaluate the power and kinetic energy numerically for the time
when the elevator has risen 20.0 m.

(f)

Describe the relation between the power in (c) and the kinetic
energy in (d).

Solution
(a)

Newton's second law:

(b)

v(t) = at

Mg =

mt

T

(tension of cable)

(since a is constant)

= 2.5t m/s.
(c)

P(t) = Tv(t) = M(g+a)at
= (1800)(9.8+2.50)2.5t = 5.5 x 104t W.

(d)

K = (1/2)Mv2 = (1/2)Ma2t2 = 5.6 x 104t2 J.

(e)

Height h = (1/2)at2, h = 20.0 m, a = 2.50 m/s,

t = 12h/a = 140.0/2.5 = 111r. 4.0 s.
P = M(g+a)at = (1800)(9.8 + 2.50)(2.50)4 = 2.2 x 105 W.
K = (1/2)Ma2t2 = (1/2)(1800)(2.5)2(4)2 = 0.90 X 105 J.
(f)

H(4).

Because of the gravitational force, not all the power is available to increase K, but some is used to raise the elevator.

The following questions deal with a sports car of mass 1500 kg
(including the driver and a companion). Its maximum power is 7.2 x 104 -W:
(a)

How long would it take the car to accelerate from 15.0 m/s to
30.0 m/s on a straight, level road, if the engine delivered
maximum power continuously?
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(b)

(c)

10

What is the speed v(t) of the car as function of time after the
accelerator is "floored" (i.e., maximum power P, initial speed
v = 15 m/s)?
0
What is the accelerating force F(t) exerted on the car in (b)?

Solution
(a)

Gain in kinetic energy

Call speeds v0 = 15.0 m/s and vi = 30.0 m/s.

Ko comes from power delivered up to time t.
4

P= 7.2 x 10

Maximum power is

W.

Ki - KO = Pt;

t = (K1 - Ko)/P =-14(vl

vg)/P;

t = (1/2)(1500)(302 - 152)/7.2 x 104 = 7.0 s.
(b)

v(t) can be found from K(t) (kinetic energy):

hMv2 = K(t) = KO
v(t) =

/225

v(t) = )2(K0

Pt;

Pt)/M =

(2)(7.2 x le)/(1.5 x 103)t = )225

= (15
(c)

P = Fv

or

P
F = v -

96t
0.43t) m/s.

7.2 x 104

sitWITIf
3

= (

4.8 x 10
)1

)

0.43 t

N directed along the road.

Problems
I(1).

A particle subject to several forces moves at constant speed along the
y axis.

One force is F = (ax

b)i

(cy2

b = 5.0 N, c = 9.0 N/m2, and d = 26.0 N.

d)3, where a = 10.0 N/m,

Find the amount of work done

by the force F on the particle as it moves from y = 2.00 -m to
y = 4.0 m.
J(1).

A 3.5-kg block attached to a rope is allowed to slide down a plane
inclined at 30° to the horizontal.

The coefficient of friction is

0.40 and the tension applied to the rope is 8.0 N, in the direction
parallel to the incline.
(a)

Now much work is done by the rope's tension on the block while it-

slides a distance of 2.00 m along the plane?
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How much work is done on the block by the force of gravity while

(b)

it slides a distance of 2.00 m along the plane?
Compare the results of (a) and (b), and comment on the difference.

(c)

X(2).

A girl on a motor scooter chasing a horse has one-fourth the kinetic
energy of the horse, which has 10 times her mass.

She speeds up by

1.00 m/s and then has one-third the horse's kinetic energy.

What were

the original speeds of (a) the girl (on the motor scooter) and
(b) the horse?
1(3).

A 7.0-kg block slides down a rough plane inclined at 60° to the horizonAfter sliding a distance of 15.0 m from its starting point, its

tal.

speed is 12.0 m/s.

M(3).

The coefficient of friction is 1.00.

(a)

Draw a free-body diagram for the block.

(b)

Evaluate the work done by each of the forces acting on the block.

(c)

Calculate the initial velocity of the block.

A block of mass 1.80 kg slides on a horizontal frictionless table.

It

has the initial speed 5.0 m/s and is aimed end-on at the free end of a
spring capable of exerting the force -kx when it is deformed' by the

distance x (positive for stretching, negative for compression) from its
unextended length L.

The constant k = 180 N/m.

spring is firmly nailed to the table.

The other end of the

The spring has mass ms.

How much work must the block do on the spring in order to come to

(a)

rest?
(b)

How far will the spring be compressed when the work in (a) is done

on it?
(c)

N(4).

How does the mass of the spring affect the answers to (a) and (b)?

A 5000-kg truck has an engine that can deliver a maximum of power of
5.0 x 10

5

W.

The driver steps on the gas when the truck is moving at

15.0 m/s and keeps the accelerator floored (i.e., maximum power output assume it is constant) for 5.0 s.
(a)

What will be the truck's speed at the end of the 5.0.s?

(b)

What will be the speed of the truck as function of time after the

accelerator is floored?
(c)

(Optional difficult problem)

How far does the truck travel during

the 5.0 s while the accelerator is floored?

24
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A satellite rocket of 5.0 x 104 kg mass acquires a speed of 2.0 x 103 m/s
in one minute after launching.

The rocket motor functions at constant

thrust (constant force), and the rocket's mass change- in one minute is
negligible.
(a)

What is the average power developed by the rocket during the first

minute of flight?
(b)

What instantaneous power is developed by the rocket as function of

time after launch?
(c)

Compare the instantaneous power after one minute of flight with

the average power in (a) and comment on the relationship.

Solutions
I(1).

The

other forces and the motion of the particle can be ignored; only Fy

contributes to the work, which is calculated from an integral along the
y axis.

Answer:

W = 220 J.

J(1).

The friction and motion of the block are not needed to find the work
required. Applying the definttion Of work 0' the teriiiOn and the force
of gravity will give the answers directly, since the block's displacement is stated. Answers:
(a) W = -16.0 J; (b) W = +34
J.

K(2).

Introduce as variables the girl's and horse's masses and speeds. Use
the information given to set up three equations. The mass of the motor
scooter does not enter and one mass cancels. Answers:
(a) v = 6.5 m/s;
(b) v = 4.1 m/s.

L(3).

There are three forces:
gravity, friction, and the normal force due to
the inclined plane. Since the displacement is given, the net force,
acceleration, and speed do not need to be calculated.
Answers:
(b) 0, 890 J, -520 J; (c) v = 6 . 0 ms.
/
1

:(
608

Lu

M(3).

To come to rest, the block has to lose its kinetic energy. Since the
spring is at rest at the end, when the block is at rest, any work done
to give the spring kinetic energy will be returned. Hence the mass of
the spring does not affect the result. Answers: (a) 22.5 J; (b) 0.50 m.

N(4).

At constant power, the kinetic energy increases at a uniform rate. The
speed can be found from the uniform rate of kinetic energy increase.
Answers:
(a) 35 m/s; (b) (225 + 200.01; (c) 130 m.

0(4).

The average power can be found from the total kinetic-energy change
during the time interval. The instantaneous power must be found from
the force and instantaneous velocity. Answers:
(a) 1.7 x 109 W; (b) 5.6 x 105 t.
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PRACTICE TEST
1.

A tractor pulls a log of mass
200 kg up a 30° slope at constant
speed of 1.20 m/s. The log is
moved a distance of 360 m.
(a) Draw a free-body diagram
for the log.

Introduce symbols to state
(b)
an expression for the work done
by the force of gravity on the
log during the operation.
(c)
Evalute the work stated in (b)
numerically and give an interpretation of the sign of the result.

(d) What is the power supplied by the tractor, assuming that the log moves
without friction.
2.

Abrickwith mass 4.0 kg is pushed along a horizontal wooden plank with the
initial speed of 1.50 m/s. The coefficient of friction with the plank
is 0.250.
(a)

What is the brick's initial kinetic energy?

(b)

How far along the plank will the brick slide before coming to rest?

(c)

What happens to the initial energy of the brick?

queld pug lot.urala do

gaf

(3)

'W 9r0

(q)

"P Set

(e)

0811

(P)

.e sot x ve-

(z)

xp t. 1H

"Z

0

= m

(q)

+ 09C

SaNSUlf zsal aoweJd
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Dennis, an impish 30.0-kg boy, runs down a grassy slope (30° from the horizontal)
at 3.00 m /s.

Suddenly he falls down and continues to slide on the seat of his

pants (coefficient of friction 0.8).
1.

Make a sketch and free-body diagram for Dennis while he is sliding.

2.

How far does he slide before coming to a stop?

3.

How much work is done by the force of gravity on the boy?

Use the work-energy theorem.

Set up the work

integral carefully and be prepared to explain the sign of this work.
4.

What is the power developed by the force of friction when his pants first
make contact with the ground?

5.

Describe qualitatively how this per varies during his slide.
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A block of mass 4.0 kg is drawn across a rough horizontal floor by a force of
12.0 N applied at an angle of 37° with the horizontal.
friction is 0.200.

The coefficient of

The block starts from rest and is moved a total of 7.0 m

before the force ceases to act suddenly.
I.

Draw a sketch of the phenomenon and a free-body diagram for the block.

2.

Find the' work done on the block by the applied force and by friction after
setting up the work integral.

3.

What is the kinetic energy at the moment the force ceases acting?

4.

What is the power expended by the applied force at the moment before it
ceases acting?

5.

State the work-energy theorem (as applied to a particle) in the form of
an equation and briefly identify the meaning of each symbol used.
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A 5.0-kg piece of ice can slide in a 2.00 m long frictionless chute, at an
angle of 60° with the horizontal.
1.

Draw a sketch of the situation, and a free-body diagram of the ice while
a person is pushing it up the chute at constant speed.

2.

How much work is done on the ice by the force of gravity when it is pushed

from the bottom to the top of the chute? Set up and evaluate the work
integral.
3.

With what kinetic energy will the ice arrive at the bottom of the chute
if it starts at the top with a speed of 2.0 m/s and slides down freely?
Apply the work-energy theorem.

7
A 20 000-hp (1.5 x 10 W) railroad locomotive accelerates a 10 000-ton
7
(1.00 x 10 kg) train from a speed of 10.0 m/s to 30.0 m/s at full power along

a straight track.
4.

How long a time interval is required for this process, neglecting friction?

5.

Find the kinetic energy and the speed of the train as functions of time
during the interval.

6.

Find the force accelerating the train as function of time during the
interval.
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A-1

MASTERY TEST GRADING KEY - Form A

Solutions

What To Look For
1.

Three forces it lc r46:

(Normal, friction,
weight).

Angle of slope.
Equations (1) to (4)

not required -- prepares
for later parts.

1.

Resultant force:

=
F

x

F

x

0 x

F = 0
N-V cos 0,

= f -WD sin (1)Fy

WD = Mpg,

M = 30.0 kg,

Data:

0 = 3Q0,

v. = -3.00 m/s,

g = 9.8 m/s

2
.

1

2.

Setting up V and K for

2.

Initial kinetic energy Ki is dissipated through

theorem; correct

friction, but gravitational force tends to maintain

solution of resultant

it.

F; correct use of

force:

resultant, not merely
friction, in work-energy

K is lost owing to ( -) work done by net

W = Kf-Ki = - Xi

W =

since Kr = 0,

1'' = -Fxd;

Ki = isM0vi2,

theorem.

fx = uN - Wog sin 0 = Mog(u cos 0 -sin 4).
(Note:

Fy = 0,

N = WD cos 0 = Mpg cos 0.)
K1.

-Fxd -

30

Ki' d

Fx

Vol v-

ilDg(u cos 0 - sin 0)°

WORK NW ENERGY

A-2
2

v.

d
2g(

(3.00)2
(2 x 9.8)(0.8 x 0.866-0.60)

Two significant
figures OK.
3.

cos 0 - sin 0)

d = 2.4 oh

Definition of work

3'

foil,

ligravity

= -Mpg(i sin 0
This can be obtained

Limits of I:

as indicated, or from

0j,

j cos 0).

x = 0 to x = -d,

= -110g sin

dpi = F dr cos 6,

dr = dxi

0

dx,

-d

where this angle 8

(-M Dg sin 0 dx)

gravity

is 900 more than 0 in

= Mpg sin std

the probl em.

= (30.0)(9.8)(0.50)(2.4)
= 350 J (Positive).

Sign is 4-, two

significant figures.

The force of gravity does work on Dennis,
thus decreasing the rate of kinetic energy
loss.

4.

4.

Definition P = (dw /dt)f

P =14

(t,li oppositely directed)

is less convenient here,

= - uNvi

but OK.

= - IND cos On

(-) sign since f, v

= -(0400.0)(9.0(0.866)(3.00)

opposite.

= 610 W

N comes from Problem 2.

Two significant figures.
5.

The power decreases as speed decreases; f stays
constant until he stops.
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MASTERY TEST GRADING KEY - Form B

Solutions

What To Look For
I.

Four forces:

1.

weight 413; normal I,

rope rR; friction

T.

Note angle of rope.

FR

J

Data:

MR = 4.0 kg

p = 0.200

f = pN

FR= 12.0 N

d = 7.0 m

0 =37°

g = 9.8 m/s2

WB =

7.0
2.

Definitions of W;

2.11e-rlecif"=LFAccils 0 dx

note sign (+) and
= FR cos ed = (12.0)(0.8)(7.0) = 67 J.
7.0
(-pN) dx
WW = I 1.0 =
I
0

angle.

Note sign (-) only.
Use correct f.

= - p[WR - FR sin 0] d

= -(0.20)[(4.0)(9.0 - (12)(0.6)] 7.0 = -45 J.-

3.

Use this, not Taws of
motion (latter OK but
tell student).

3.

Use the work-energy theorem:
W= = Kf-Ki = WR + Wf,

Ki = 0,

Kf = W = 22 J.

WR + Wf = 67.2 - 44.8 = 22.4 J (from Problem
2).

More significant
figures useful for
subtraction, but not
required.
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4.

Recognize formula for

4.

instantaneous power,

P 0 PR

vf= FRcos6vf

= (12.0)(0.08)(3.35) = 32 W.

NOT average

P

av

W= Kf =IBv

= W/ (time for

movement).

Use kinetic energy to

of = 1574i- = )(2)(22)/4.0 = 3.3 m/s.
8

find v.

5.

Resultant force should 5.

W

=

Kf

-

K1

be identified.

work done by

Integral optional.

resultant

final

kinetic energy

force on

particle
Initial and final K

=

should be identified in
relation to work.

Ask

for oral explanation if
the written answer is
incomplete.
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MASTERY TEST GRADING KEY - Form C

What To Look For
1.

Note three forces:

Solutions
I.

gravity, person,
normal.

exer4e.ct

lid =a.00m

Angle of

109

person.

slope.

W

= MI g.
I

2.

General integral.

2.

W

-dt = -W d sin 0

= I
9

Note angle 0, is

I

= -M gd sin 0 = -(5.0)(9,8)(2.00)(0.866)-,
I

usually 0 in

W

definition minus 90°

or 9=

= -85 J.

(Ask Student to interpret sign).

9

4.900.

3.

3.

W = Kf

Ki.

Work done during slide is done by force of

Source of W.

Since motion is down, W = -Wg from

gravity.
Problem 2.

Ki = 141/vT,

Kf = W + K. = 85 + C0(5.0)(2.0)2
= 85 + 10 = 95 J.

4.

Apply work-energy

4.

Symbols:

MT = mass of train, i = initial,

theorem and

F = resultant force, P = power,

definition of power

t = time, f = final

(for constant P).

Speed is related to kinetic energy.

W = Kf

Use

Ki = P At since P is constant.

Ki =

Kf =

At = (Kf-Ki)/P = hrMT(4-vf)/P

At =

(1/2)(107)

34

102 302
1.5 x 106

= 270 s.

a

WORK AND ENERGY

5.

Introduce time
variable.
speed.

C-2-

5.

Pt = hMivf 4- Pt

K(t) = Xi

Use initial

= (11)(107)(10)2 = 1.5 x

Solve for v(t).

7

= 10 (50 4- 1.50 J

let

(t in seconds).

K(t) = hMiv(02,

v(t) = 12140/MT =

6.

Two methods possible.

6.

Use v(t) from
Problem 5 for both.
Get same result.

0 (vrvi)/t.

.

F =

P = Fv,

F = MTa = MTdv/dt.
DR

7
1.5 x 10

P

F

n

(t in seconds)

(1)

(100+3.000"1

w

F NOT constant;

a NOT constant

)1100-mis

F =MIa
30MT
=

kil004-3.00t

(1001-3.00ti/1
1.5 x 107
(100+3.DDt)
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APPLICATIONS OF NEWTON'S LAWS

INTRODUCTION

Perhaps at some time you have had occasion to swing a massive object at the
end of a rope. Maybe you have watched a parent swing a child around by his
outstretched arms or have been fortunate enough to watch an athlete throw the
hammer.
But all of you have heard or watched an automatic washer go through
a spin-dry cycle. How was this spinning drum with holes in its periphery able
to speed up the "drying' process? The clothes were too large to pass through
the holes in the drum and were "held" in a circular path but the water droplets were small enough to pass through the holes. We all know what happens
when the stone is no longer restrained in the revolving slingshot. The water
droplets fly through the holes in a straight-line path and are then disposed
of.

In this module you will explore the nature of the forces responsible for this
circular motion. You will also look into the motion of several bodies connected together such as a plow to a horse, a train to a locomotive, or a
barge to a tugboat.

PREREQUISITES

Before you begin this module, you should
be able to:

Location of
Prerequisite Content

*Identify forces acting on an object and
draw a free-body diagram of the object
(needed for Objectives 1 and 3 of this
module)

Newton's Laws Module

*Determine acceleration for uniform circular
motion (needed for Objective 2 of this
module)

Planar Motion Module

*Apply Newton's second and third laws to
single-body problems (needed for Objectives
2, 4, 5 of this module)

Newton's Laws Module

36
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LEARNING OBJECTIVES
After you have mastered the content of this module you will be able to:
1.

Centripetal force - For a particle undergoing circular motion, draw
a free-body diagram and identify the interactions,responsible for the
centripetal force; these forces may be gravitational forces or contact
force exerted by another body.

2.

Uniform circular motion
Search out the necessary conditions concerning radius, speed, and forces to solve problems by applying Newton's
second law to a particle undergoing circular motion.

3.

Free-body diagram - For a system of two or three interacting bodies,
(a) identify the forces of interaction; and (b) draw a free-body diagram (using a particle representation) for each body.

4.

Newton's third law - Apply Newton's third law to determine actionreaction force pairs between the bodies of a two- or three-body
system.

S.

Two- or three-body motion - Use Newton's second law to solve problems
relating the motion of several bodies comprising a system and the external and internal forces acting where (a) the acceleration is uniform; or (b) the motion is uniform circular.
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3(B 1)

Frederick J. Bueche, Introduction to Physics for Scientists and Engineers
(McGraw-Hill, new York, 1975), second edition

SUGGESTED STUDY PROCEDURE
Read Section 10.7 in Chapter 10,
appears in Eq. (10.13) is called
of motion r and the linear speed
circular motion w = 0/t, where 0
w = Oft, v = s/t,

relative to Objectives 1 and 2. The w that
angular speed and is related to the radius
v of the body by w = v/r. For uniform
is the angle subtended in a time t.

where the arc distance s = r0.

t = t1 - to.
t
1

For Objectives 1 and 2, read General Comments 1 and 2. Then study Problems
A, B, and C in this Study Guide. Solve Problems J and K and Problems 8 and
20 in Chapter 10 of your text.

Read Chapter 5, Section 5.5 of the text for Objectives 3, 4, and 5; carefully
study the illustrations in this section. For Objective 5, read General Comment 3 below. Study Problems D through I in this Study Guide before working
Problems L through Q. To check mastery, try the Practice Test.

BUECHE
Objective
Number

Readings

Problems with
Solutions

Assigned Problems

Study
Guide

Text*

Study
Guide

Illus.
10.3,
10.4

J, K

1

Sec. 10.7,
General
Comment 1

A, B

2

Sec. 10.7,
General
Comment 2

A, B, C

3

Sec. 5.5

D, E, F,
G, H, I

Text

Chap.10,
Probs.
8, 20

Chap. 10,
Probs.
9, 11, 18

D, F

4
5

Additional
Problems

Sec. 5.5

D, E, F, Illus.
G, H, I 5.5,
5.6

*Illus. = Illustration.

38

L, N$ N,
0, P, Q

Chap. 5,
Probs. 15,
17, 19-22,
24-26
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3(HR 1)

David Halliday and Robert Resnick, Fundamentals of Physics (Wiley,
New York, 1970; revised printing, 1974)

SUGGESTED STUDY PROCEDURE
Read Section 5-13 in Chapter 5 of your text in relation to Objectives 1 and 2.
Go over the three excellent examples in this section.
In Example 9 remark
the method for changing v to revolutions per second.
This latter unit is a
measure of angular speed and designated w.
(Note this usage in Problem A.)
Next read General Comments 1 and 2. Study Problems A, B, and C before solving
Problems J and K of this module and Problems 67 and 77 in Chapter 5 (pp. 94a,
94b).

Go over Examples 1 and 2 in Section 5-6 in relation to Objective 4 and Examples
5 and 6 in Section 5-11 in relation to Objective 5. Also read General Comment
3.
Before solving Problems L through Q, study Problems D through I.
Try the Practice Test before attempting a Mastery Test.

HALLIDAY AND RESNICK
Objective
Number

Readings

Problems with
Solutions

Assigned Problems

Study
Guide

Study
Guide

1

Sec. 5-13,
General
Comment 1

A,

2

Sec. 5-13,
General
Comment 2

A, 8,
C

3

Text

Ex. 9,
10, 11

J, K

Additional
Problems

Text
(Chap. 5)

(Chap. 5)

67,. 77

68, 70-72,
74

D, E,
F, G,
H, I

4

Sec. 5-6

D, F

Ex. 1,
2

5

Sec. 5-11,
General
Comment 3

D, E,
F, G,
H, I

Ex. 5,
6

L, M,
N, 0,
1), Q

*Ex. = Example(s).
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3(SZ 1)

Francis Weston Sears and Mark W. Zemansky, UniversittPhysics (Addison Wesley, Reading, Mass., 1970), fourth edition

SUGGESTED STUDY PROCEDURE
Your readings will be from Chapters 2, 5, and 6 of the text.
Read Sections
6-7 and 6-8 in relation to Objectives 1 and 2.
Go through the four worked
examples in these sections. Note in Example 1 of Section 6-7 how the speed
of the body is changed from revolutions per second (in Problem A we designate
this as 0 to centimeters per second. Study the excellent multiflash photographs in Figure 6-16 (p. 85). For Objectives 1 and 2, read General Comments
1 and 2. Then study Problems A, B, and C. Solve Problems J and K in this
module and Problems 6-32 and 6-35 of your text.

Read Section 2-5 of Chapter 2 before studying Example 1 in Section 2-6 and
Example 4 in Section 5-6 (p.64) for Objective 4.
Then study Example 5 in
Section 2-6 (p. 22), Example 5 in Section 5-6 (pp. 64, 65), and General
Comment 3 for Objective 5. Study Problems D through I before solving Problems
L through Q. Then try the Practice Test.
SEARS AND ZENANSKY
Objective
Number

Readings

Problems with
Solutions

Assigned Problems

Study
Guide

Text

Study
Guide

Text

Ex. 1,
2, 3,

J, K

6-32,
6-35

1

Sec. 6-7,
General
Comment 1

A, B

2

Secs. 6-7,

A, B,

6 -8,

C

General
Comment 2

6-29, 6-30,
6-31, 6-33,
6-36, 6-39

D, E,
F, G,
H, I

3

4

(Sec.
6-7)
Ex.
(Sec.
6-8)

Additional
Problems

Secs. 2-5,
2-6, 5-6

D, F

Ex. 1, 2
(Sec. 2-6),
Ex. 4
(Sec. 5-6)

5

Secs. 2-6,
5-6,
General

Comment 3
*Ex.

Example(s).

D, E,
F, G,
H, I

L, M,
Ex. 5
(Sec. 2- N, 0,
6) Ex. 5 P, Q
(Sec. 5-6)
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5-34 to 5-36
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Richard T. Weidner and Robert L. Sells, Elementary Classical Physics
(Allyn and Bacon, Boston, 1973), second edition, Vol. 1

SUGGESTED STUDY PROCEDURE
Read Chapter 8, Sections 8-5 and -8 -6 of the text and study Examples 8-9 and
8 -10 carefully in relation to Objectives 1 and 2. Then read General Comments
1 and 2. Study Problems A, B, and C in this study guide before solving Problems J and K and Problems 8 -22 and 8-27 in your text.

Study Example 8-6 (p. 112) in relation to Objectives 3 and 5. For Objective
5, read General Comment 3 before studying Problems D through I. Solve
Problems I through Q before you try the Practice Test.

WEIDNER AND SELLS
Objective
Number

Readings

Problems with
Solutions

Assigned Problems

Study
Guide

Text

Study
Guide

Text

J, K

8-22,
8-27

1

Sec. 8-5,
General
Comment 1

A, B

2

Secs. 8-5,
8-6,
General
Comment 2

A, B,

Ex:*

C

8 -9,

D, E,
F, G,
H, I

4

D, F
Sec. 8-2,
General
Comment 3

8-18, 8-24,
8-25 (hard)

8-10

3

5

Additional
Problems

D, E,
F, G,
H, I

L, M,
N, 0,
P$ Q

Ex.

8-6

*Ex. = Example(s).
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8 -2, 8-13 to
8-15, 8-19,
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GENERAL commeirs
1.

Centripetal Force

You should not be misled into thinking that a centripetal force is different
in nature from other forces. Centripetal forces may be pushes or pulls exerted
by strings or rods. They may arise from gravity or friction, or they may be
the resultant force arising from a combination of causes.
For a particle undergoing uniform circular motion, the centripetal force is
merely the name given the resultant force on the particle. For nonuniform
circular motion, the centripetal force is the component of the resultant
forte directed toward the center of the circular path.
In working uniform-circular-motion problems, you may wish to "freeze" the
motion of the body (take a snapshot of it) at a given time and set up a
rectangular coordinate system at the body with one axis pointing toward the
center of motion. lou may also wish to use what are called cylindrical coordinates. This is comparable to using polar coordinates in the xy plane
and the z axis or (r, +,z). Hence you can place your origin at the center
of motion and resolve the forces into their r and z components in order to
apply Newton's second laM in these directions:

gz

= ma,

zF
r

=mv2/r.

z

x

2.

Noninertial Frame

You should notice that we are working in an inertial reference frame again
(a frame in which Newton's first law holds). You must not be trapped into
thinking that you can use the standard approach to problems lusing Newton's
laws) in a noninertial reference frame. Take, for an example,a very smooth
glass block resting on a highly polished merry-go-round surface (there is
still some friction). Assume you are on the merry-go-round as it begins

STUDY GUIDE:
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to turn. What happens to the block? The block slides off the merry-go-round.
Why? According to Newton's first law the block should remain at rest unless
acted upon by an unbalanced force. But what was the interaction that gave
rise to this force? Only the observer on the ground (inertial system) can
interrupt the situation. The block was initially at rest, and if the surfaces were frictionless, according to Newton's first law it would remain at
rest. The merry-go-round would simply rotate under the block. But because
there is friction and now relative motion between thg surfaces the block will
slide off.
If the frictional force is great enough the block will rotate
with the merry-go-round.

Therefore, this module will deal only with inertial coordinate systems.

3.

Massless Ropes and Frictionless Pulleys

Most of the cords, ropes, and cables you will meet in problems in this module
have masses so small they can be neglected. Such a "massless" cord, rope,
or cable exerts the same magnitude of pull on each object to which it is
attached at either end. Do you see why this
is so? Consider the rope in the diagram at
the right, connecting objects 1 and 2.
44,
Newton's third law guarantees that

12r
Rope
= l'1,1

and

2r

r2'

Ir2
is the force. that object 1 exerts to

where

the left on the rope, 10 is the force that
the rope exerts to the right on object 1,
Applying Newton's second law to the rope yields

etc.

F

2r

- F

lr

= Mrar = 0

because the rope is massless (M
r

(2)

0).

Combining these three equations gives

us

F

rl

= F

(3)

2r'

as claimed. When the rope passes over a pulley (which will also be "massless"
in this module, as well as frictionless), it is only necessary to imagine that
the rope is divided into very short segments where it wraps around the pulley.
Since the frictionless pulley exerts no force on such a segment along its line
of motion, Ea. (3) holds again for each of these segments. But then, with
Newton's third law guaranteeing equality of the magnitude of the force from
one segment to the next, this means that Eq. (3) must hold also over the whole
length of the rope. Thus, for a "massless" rope we need talk about only one
magnitude of force; this is usually called the "tension in the rope."

43
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PROBLEM SET WITH SOLUTIONS

A(l). A rubber eraser of mass 0.040 kg is placed on a horizontal metallic
disk of radius 0.200 m that is rotating with a uniform speeds The coefficient of friction between the eraser and the disk is 0.50.
(a)

Draw a free-body diagram for the eraser.

(b)

Identify the interaction(s) responsible for the centripetal force.

(c)

The eraser is positioned 0.050 m from the center of the disk.
Find the minimum number of revolutions per minute (r/min) required
so that the eraser slips on the disk.

(d)

If the disk is spinning at 70 r/min describe the region of the
disk where the eraser can be placed so that it will ride on the
disk without slipping. Why is there no slipping in this region?

Solution
(a)

-L4
mg

mi

(b)

Only the frictional force is responsible for the centripetal force.

land

mg have zero components toward the center.
(c)

Applying Newton's second law, with the radius of the disk represented by R:

EF r ma

2
f = mv /R,

EFy,
may,

N - mg -0 O.

x'

But f = pN = gmg just when slipping is about to begin.

gmg =

2

/R or

v

2

= Rpg;

and
v

= [(0.050 m)(0.50)(9.8 m/s2)]1/4
= 0.49 m/s.

44
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The circumference of the path is 24 or one revolution:
= 0.49 m/s
(d)

m = 70 r /min

(r/min)(E1A41)(
or v = 70

it

) = 94 r/min.

cifiglIn4)(;)(2mR7eters)),

v = 7.33R Hz.

The centripetal force required for this speed is mv2/R or

m(7.33)2R Hz2 = 2.15R kg/s2.
Friction is responsible for the centripetal force, so f = 2.15R kg/s2, but

f

2

ping = (0.50)(0.40 kg)(9.6 Ws ) = 0.20 N.

Thus, for maximum frictional force:
2

9

= 0.20 kg mis
2.15 kg/s2

= 0.093 mi.

If R is less than this value, then f < 0.20 H.

Hence for R ! 0.093 m slipping

will not occur.

B(2). A banked circular highway curve is designed for frictionless traffic
moving at 60 km/h. The radius of the curve is 200 m. A car is moving
along the highway at 80 km/h on a stormy day.
(a)

Draw a free-body diagram of the car negotiating the curve.

(b)

Identify the interactions responsible for the centripetal force.

(c)

What is the minimum coefficient of friction between tires and road
that will allow the car to negotiate the turn without sliding off
the road?

Solution
(a)

Free-body diagram is shown in the figure below.
I

.
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The component of the resultant force that is directed toward the center
of the uniform circular motion is the "centripetal" force, or the force
holding the body in a circular path.

il has zero component in this direction;

Ihas a component of magnitude f cos Bin this direction; H has a component
of magnitude N sin 0 in this direction.
responsible for the centripetal force.

Therefore, f and T1 are

The centripetal force is given by

f cos 8 + 11 sin 8 = mv2/R.
(c)

(4)

The highway is banked for a car moving at 60 km/h or 16.7 m/s, which
means that the car need not depend upon friction but only upon the normal
force to provide the centripetal force.

Thus,

N sin 0 = mv2R

(5)

where we have set f = 0 in Eq. (4).

But since in the j direction there

is zero acceleration,

N cos 0 - f sin 0 - mg = O.

(6)

Setting f = 0, we have
N cos 0 = mg.

(7)

Dividing Eq. (5) by Eq. (7), we obtain
2

mv /R
mg

N sin 0
N cos 0

2

or

tan 0 =

v
Rg

2

tan 0 =

(1631 m/s 1- 2
(200 m)(9.8 m/s-)

0.142,

0 = 8.1°.

Now including friction when the car is traveling at v = 80 km/h or
22.2 m/s, from Eq. (4) we find
2

N sin 0 + f cos 0 = mv /R,
and from Eq. (6):

N cos 0

f sin 0 = mg.

Since f = pH, we have
11 sin 0 + pH cos 0 = mv2/R,
N cos 0 - 141 sin 0 = mg.
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Dividing these two equations, we get
2
sin 8 + u cos 8 _ nv
K
cos 8 - u sin 8
Solving for u:
K cos 8 - sin 8
cos 8 + K sin 8'

P

(22.2 m/s)2

= 0.250,

(2000(9.8We)

(0.2500.990) - 10.141)

n inn.

(0.990) + (0.250)(0.141)

""""

C(2). A passenger rides around in a Ferris wheel of radius 20.0 m that makes
one revolution every 10 seconds. The mass of the passenger is 75 kg.
(a)

Draw a free body diagram of the passenger at an arbitrary point

along the circle.
(b)

What interaction(s) is responsible for the centripetal force?

(c)

What force does the passenger exert on the seat when he is at

the bottom of the circle?
Solution
(a)

I

1
1

joy

(b)

/

,//14.g
,
,

,/

,,
,
,

,

,
,
,

/
11,y 414

A

Two interactions are responsible for the centripetal force - the force the
seat exerts on the posterior of the passenger (4 + 1) and the weight of the
passenger (4) (4 = normal force,

= frictional force).

force is given by
F

c

=W cos 8 + f sin 8 -N cos 8.

47
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The speed of the Ferris Wheel is v = (2W0/10 s, where R is the radius
of the Ferris Wheel and 2wR the circumference of the circular path of
the passenger.

1

v = 12.6 m/s.

1

The centripetal acceleration is
2
a = v /R = 7.9 m/s2.

At the bottom of the circle,
the passenger's acceleration
is directed upward. Therefore
the net upward force on the
rider is
F = ma = (75 kg)(7.9 m/s2) = 592 H.

The upward force exerted by the seat must have a greater magnitude than
the man's weight (W = (75 kg)(9.8 m/s2) = 735 N] by 592 N. Therefore the
seat must push up with a total force of 592 N + 735 N = 1327 N on the
passenger, and the passenger exerts an equal but opposite force on the
seat.

D(3).

An inclined plane of
mass m slides to the
1

right on a horizontal
surface. The coefficient of friction between
these two surfaces is pl.

Blocks 2 (mass m ) and
2
4 (mass m4) are connected
by a rod (massless) and
slide down the incline.
The coefficient of
friction between the incline and the two blocks is p.
(a)

Draw a free-body diagram of each body.

(b)

Using Newton's third law, identify all action-reaction pairs among
these four bodies.

48

STUDY GUIDE:

Applications of Newton's Laws

0

4N1

4 4:

3

(b)

!2 = frictional force #1 exerts on #2
- i2 = frictional force #2 exerts on #1

= normal force #1 exerts on #2
- N2 = normal force 12 exerts on #1

= frictional force #1 exerts on #3

43

= frictional force #3 exerts on /1

= normal force #1 exerts on #3

41
-N3 = normal force #3 exerts on #1
P4.2

See General Comment 3 to see

- force #2 exerts on rod

-F2 = force rod exerts on #2
1.3

= force rod exerts on #3

43

= force #3 exerts on rod

how -4 and 13 are related.

49
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E(3).

In the figure at the
right the table top is frictionless; the pulleys are frictionless and massless. Find the
tensions in the cords, and the
acceleration of the system,
assuming Ml, M2, and M3 are
known.

Solution
When you move on from considering the motion of a single object to finding the
motion of two or three objects, the chief new ingredient, you will find, is the
solution of a set of two or three simultaneous equations.
The free-body diagrams are shown at the right:
= Ta and rail
fI3J = Tb.
1;1 '
M we shall take the x axis pointing

For

1

vertically upward; for M2, horizontally
to the right; and for M3, vertically

(1;11

14,1

(Of courses other choices

downward.

are possible at this point.)

The

interesting components of Newton's second
law for each of the blocks are then
Mlax = Ta - Mig,

M2ax = Tb - 7a,

and M3ax = M3g

(Note that the above choice of axes has made a

Tb.

a2x
a 3x ;
value has been denoted simply by ax in the above equations.)
lx

(8)

their common

We now have a set of three equations involving the three unknowns ax, Ta, and Tb.
Fundamentally, the approach to solving such a set is to combine
obtain a (necessarily smaller) set in which at least one of the
not occur. Wheh such a procedure is carried out repeatedly, we
with just one equation that involves only one of the unknowns.
equations above, one might start by "solving" the first for Ta:
Ta = Miax

Mig,

them so as to
unknowns does
eventually end
With the

(D)

and substituting this into the second equation:

M2ax =Tb - Mlax -M

(10)

g.
1

This equation along with the third of Eqs. (8) now gives us our first new set.
Note that this new set consists of two equations in two unknowns; Ta has been
eliminated from this set.

for T

b

Proceeding again, we solve the third of Eqs. (8)

and substitute the result into Eq. (10).

M2a

x

=M3 g-M3a

x

-M1ax

-M

This yields the one equation
(11)

gp
1

5.0

13
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which can finally be solved to obtain ax in terms of known quantities:
(12)

ax = (M3 - M1)g/(141 + Mi + 113).

It is now a straightforward matter to substitute this into Eq. (9) to obtain
Ta, and into Eq. (10) or the third of Eqs. (8) to obtain Tb:

M

(M

mm

1

'

"1

2

+

"2

M (2M

)g
2143

and
.n.

ak

'

3

3

"1

+ M )g
2
m
m
"2
"3
1

(13)

Often, one can find variations of the above solve-and-substitute procedure that
For example, simply adding all three of Eqs. (8) yields

are quicker.

Miax +M2ax +M3ax = -M1g + M3g,

(14)

which can be solved for ax, to obtain Eq. (12).

F(4).

Block 1 of mass 1.00 kg rests on block 2 of mass 4.0 kg, which rests on
a frictionless table.

The coefficients of friction between the two

blocks are ps = pk = 0.40.
block 1 will slide off.

If block 2 is given a hard enough push,

We want to apply the largest possible force

to block 2 such that block 1 will not slip.
(a)

Draw free-body diagrams for both blocks, showing and labeling all

forces.
(b)

Using Newton's third law, identify the action-reaction forces

between the two blocks.
(c)

Determine this largest possible force applied to block 2 such

that block 1 will not slip.

Solution
(a)

Applied Force
it

5.1

Applications of Newton's Laws
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(b)

11

is the frictional force that block 2 exerts on block 1.

12

is the frictional force that block 1 exerts on block 2.

=
Al

-/v

011 =

1421 = f

14

(action- reaction pair).

is the normal force that block 2 exerts on block 1.

Ai is the normal force that block 1 exerts on block 2.

=-AZ
(c)

= I

AI = N

(action-reaction pair).

Apply Newton's second law to each of the blocks, i.e., EFx = max and
For block 1,

EFy = may.

f = m a
1

(15)

lx

and
N -

= 0.

(16)

f = m2a2x,

(17)

mlg

For block 2,
Fa

N2 - N

m2g = 0 or

N2 = N + m2g = (m1 + m2)g.

(18)

Now
f < pN =

mlg.

(19)

This normal force (A) is that action-reaction force between the blocks.
If block 1 is to stay stationary on block 2, they must have the same
acceleration:

alx
a2x
From Eqs. (15) and (19),
a = f/mi

(20)

a.

(21)

u(mifini)9 = pg.

Substituting Eq. (15) into Eq. (17) we obtain
Fa = mlalx
Using Eq. (20), we find

m2a2x*

Fa = (m1 + m2)a,

and using Eq. (21), our result is
Fa S

m2)pg

5 (1.00 kg + 4.0 kg)(0.40)(9.8 m/2)
S 20 N.
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A block of mass m1 on a smooth inclined plane of angle 6 is connected
by a cord over a small frictionless pulley to a second block of mass m2
hanging vertically.
(a)

Draw a free-body diagram
of each- block.

(b)

What is the acceleration
of each block?

(c)

What is the tension in
the cord?

Solution
(a)

T
r
4-

t.

I-

Body ml

Consider the rope and the pulley to be massless.

(b)

Block 2 exerts a down-

ward force "2 on the rope, and the rope exerts an upward force -1): (tension) on
block 2.

1.2

(by Newton's third law).

Block 1 exerts a force TI toward

the -x direction on the rope, and the rope exerts a force l'' on the block.
1

=

(by Newton's third law).

Since the rope and pulley are massless,

from the discussion in General Comment 3,

53.
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For m1 the coordinate system is oriented such that the x axis lies along the
incline with x .increasing toward the right.

This is done for convenience

because two of the forces lie along this direction.

Applying Newton's

second law in component form to -m1:
= ma

EF

-

x'

T - W

sin 0 = m a

(22)

1

1

EFy = ma - N
W cos 6 = m (0).
(23)
y'
1
1
For m2 the coordinate system is oriented in the conventional way with the
11

y axis vertical.

Applying Newton's second law in component form to m2:

EFy = may:

T - W2 = m2a2.

(24)

Now ml must have the same magnitude of acceleration as m2 because of the
"nonstretchable" connecting rope.

Thus al = a = -a2 (when ml moves right,

al is positive while m2 goes down, making a2 negative).

T - WI sin 0 = me or

Equation (22) becomes

T = mig sin 6 +

Equation (23) becomes
N

N = m g cos 0.

- W1 cos 0 = 0,

1

1

1

Equation (24) becomes
T - W2 = -m2a,

T = m2g - m2a.

Combining Eqs. (22) and (24) we obtain
mfg sin 0 + mia = m2g - m2a
or

a = g(m2

ml sin 0)/(m1 + m2).

sin 0 is unitless so the units of mass cancel, leaving

Let's check the units:
those of acceleration.
Limiting case:

If 0 = 0, we would have the case:

a
9112/(ml
m2);
a = 0;
if m2 ;1 0,

if ml = 0,

a = g.

Is this reasonable?
If 0 = 90°, we would have the case:
a

62

ifm1 = m

ml) /(ml
2'

if mi = 0,

m2)]g;

a = 0;
a = g.

Is this reasonable?
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(c) From Eq. 24,

mi sin 03)

g(m2

T = m2(9

a) = mg

mime(1

sini3)

m2

mi

H(5). A 3.6-kg block and a 7.2-kg block connected together by a string slide
dawn a 300 inclined plane.

The coefficient of friction between the

3.6-kg block and the plane is 0.100; between the 7.2-kg block and the
plane it is 0.200.

(a) Draw a free-body diagram of each block.
(b) Find the acceleration of the blocks.

(c) Find the tension in the string assuming that the 3.6-kg block leads.
(d) Describe the motion if the blocks are reversed.
Solution

(b) First we must determine the acceleration of each block as though they were
not hooked together.

If block 2 were accelerating faster than 1, the

blocks would be in physical contact.
of the other, i.e., T1 = T2 = 0.

Applying Newton's second law for block 1,

we find
EFx = Max:

mfg sin e

EF

N

Y

= ma

Y

:

f1

m.g cos e

Assure each block acts independently

ml al

0.

1

55
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= p

1

11

l'

1

mig sin 0 - pimlg cos 0 = mlal

or
III cos 0) - (9.8 m/s2)(o.50 - (0.100)(0.87)],

al = g(sin e

4
= 4.1 mis

a

2
.

1

For block 2, we find

EFx = max: no sin $
EFy = may:

f2 =

N2 - m2g cos 0 . 0.

But since f2 = w2N2,

m2g sin 6 - p2m2g cos 0 = m2a2,
a2 = g(sin 6 - D2 cos 6) = 3.20 m/s2.
Therefore, there is a tension in the rope.
for block 1,
EF

= ma

EF

= ma

x

Y

x

Y

:

m 0 sin 0
1

:

N

Apply Newton's second law again:

f

-mgcose. 02
1

or
mlg sin 0 - pimig cos 0 - T1 = mial.

(25)

For block 2,

T2 - f2

EFx = max:

m2g= sin 0

EFy = may:

N2 - m2g cos 0 - ot

m2g sin 0

T2 - p2m2g cos 6 = m2a2.

or

56
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t2 = t:

By General Comment 3, II

al

2

a'

Adding Eqs. (25) and (26), we find

mig sin 0 - peg cos 8 +mig sin 8

p2m2g cos 8 =

+ mpa,

mIg(sin 8 - pi cos e) + m2g(sin 0 -v2 cos 8)
a
11

a -

(27)

+ si

2

2
2
(3.6 kg)(9.8 m/s )((Q.5°)-(0.100)(0.87)]+(7.2 kg)(9.8 m/s M0.50) 0.200)(0.87)]
10.8 kg

2
a = 3.5 mis
(c) From Eq. (26), we find

T = m2a + tt2m2g cos 8 - m2g sin 0,
1 . (7.2 kg)(3.5 m/s2)+10.200)(7.2 kg}(9.8 m/s2)(0.87)-(7.2 kg)(9.8 m/s2)(0.50),
T = 2.20 N.

(d) Now the blocks are in contact and in our free-body diagram ti will loint

.down the plane, and; will point up the plane.

Taw and; = a2

r.a.

=12 by Newton's third

Equations (25) and (26) will be the_samextept_the

signs of 11 and 12 will be changed; but when. we add the equations 11 and

T2 ul I cancel leaving the same equation for a or Eq. (27).
1

1(0.

Amass on a frictionless table is attached to a hanging mass M by a cord
through a hole in the table.
Find the condition. (v and r)
with which m must spin for
M to stay at rest. Draw
free-body diagrams for
both objects.
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Solution
Draw a free-body diagram for both
objects.

(r = radius of circular

path for the object of mass m.

v

is uniform speed of the object of
mass m.)

The object of mass in is

undergoing uniform circular motion,

where

provides the centripetal
2
Hence T
mv /r. The

force.

connecting cord is massless, and the hole just changes the direction of the
force that the object of mass M exerts on the object of mass m via the rope
For the object of mass H, applying Newton's second law we find

T' - Mg = 0, so T' = T =Hg = mv2/r or
v

2/r

= Mg/m.

Problems
J(2).

An old street car rounds a corner on unbanked tracks. The radius of
the tracks is 9.1 m and the car's speed is 4.5 m/s. The loosely hanging hand straps swing to one side.
(a) Draw a free-body diagram of a strap.

(b) What interaction(s) are responsible for the centripetal force on the
strap?
(c) What angle will the strap make with the vertical?
K(2).

A boy of 30.0 kg rides on a Ferris wheel that has a radius of 4.0 -m
and makes one revolution every 8.0 s.
(a) Draw a free-body diagram for
the forces on the boy when the
boy is in the position shown.

(b) What interaction(s) are responsible for the centripetal
force on the bay?
(c) What force does the seat of
the Ferris wheel exert on
the boy in the position shown?
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L(5).

In the figure at the right, the crane
exerts a constant upward force on the
upper crate. The crates have equal
= N = H.
mass:
(a) Draw a free-body diagram for each
crate.

Mj

(b) Write Newton's second law in
component form for each crate.

Cable

(c) Find the acceleration of the

crates and the tension, in
the cable.

(d) Given that F = 1100 H and

M = 50 kg, how long does it
take to lift the crates
15.0 m, starting from rest?
M(5).

proceeds to push two
Exactly at 5:00:00 p.m., a Rock Island switch engine
The engine exerts a force ti
boxcars across the Vine Street crossing.
frictional forced and 12,
on boxcar 1; the two boxcars experience
Assume all these forces are constant.

respectively.

(a) Draw a free-body diagram for each of the boxcars.

(b) Write Newton's second law in component form
for each of them.
(c) Find the acceleration of the boxcars, and

the force that the first exerts on the

60yr.

second.

(d) You are waiting to cross on your bicycle,

with the front of boxcar 2 directly in front
of you, when this train starts off from rest.

How much longer will you have to wait?
Fi = 7.0 x 104 N,

4

1.00 x 10

N, and V

. 1.20 x 104 N, f9 =

= M

2

. 2.00 x 104 kg.
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N(5). A tow-truck is pulling a car, by means of a long cable, across an icy
bridge in the wintertime.

Dough proceeding very slowly, the truck

slides off on one side; but fortunately for the driver, the car simultaneously slides off on the other side.

The mass of the car, Mc, ex-

actly equals that of the truck plan driver, so that in a little while
the system is hanging at rest, as shown.

However, the driver tires

of waiting to be rescued, and finally manages to climb out onto the
bridge; this unbalances the system by his weight, NI', and the car
starts to descend.

The bridge is so slippery that the friction between

the cable and the bridge can be neglected.
(a) Construct free-body diagrams, showing and
identifying all forces acting, for both

Cable

the car and the truck.

Mt /

(b) Write Newton's second law in component form
for each vehicle.

(c) Calculate the acceleration of the system, and
the tension in the cable.

(d) After the car has fallen 2.00 m, the truck
strikes the bridge.
then?

M
0(5).

How fast is it moving

The masses of the car and truck are

= 1050 kg and M = 950 kg.

A switch engine is pushing two boxcars up an incline,
2
with an acceleration of 1.00 mis along the incline.
Use free-body diagrams and Newton's second law to

find the forces a' which the engine exerts on
boxcar a, and tab, which boxcar a exerts on boxcar b.
As your final step, insert the numerical values
4
4
8 = 6.0% Ma = 1.00 x 10 kg, Mb = 2.00 x 10 kg,
and (for the frictional forces) fa = fb = 1.00 x 10

60
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In the figure at the right, the
table top and the pulley are frictionless; the pulley and the cords
are massless.

(a) Draw free-body diagrams for
all the blocks.

(b) Use Newton's second law to find

the acceleration of the system
and the tension Vb.
(c) Given that Mil = M2 = M3, how
far does 143 fall in 0.300 s?

How fast is it going then?
Q(5).

Two blocks are connected by a massless string and placed on horizontal and inclined surfaces as indicated in the figure at the right.

(a) Draw free-body diagrams for

friGtion here
0.40

the two blocks, showing all the
forces acting on each block.

Frietioniess

(b) Find the magnitude of the

acceleration of the system
given mi = 10.0kg and m2 = 20.0 kg.
(c) Find the tension f in the string.

Solutions

J(2).

(a)

(b) The horizontal component of the force that the ceiling exerts on
the strap.
(c) 13°.
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(a)

(b) The components of the frictional force, normal force, and weight
along a radius of the wheel to the position of the boy.
(c) ? = 371 ti,

L(5).

= 230,1 N,

= (371 + 230i) N.

= ? +

(a)
I

iJ = 1;1

(b) Ma

lit

Fiw1";

Ti.

ly

T.

I

MaZy
a

W2

ly

Wi - T, Mau = 0; and

= F

W2' Ma2x =

0, where

= a2y;

(c) ay = (F - 141 - V12)/2M = F/2M -

T= (1/2)F;
(d) t = 5.0 s.
M(5).

(b) Hex = F1 -F

(a)

21

-fl' M1 ay = 0*

f2,M2ay = 0;

and M2ax = F12

f

F
1

(c) ax

F

'

- f
2

1

Ml

M2(F1

fl)

M

12

Mlf2;

+M2

(d) 10 s.
N(5).

(a)

(b) Mtaty =

Ma
=T-MgiMa
c cy
c
c cx

it;
W:=Mtg Irc
We=Mcg

(d) 1.4 m/s.

mt9. mtatx = 0,

a

cy

(c) aty
J
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= -a

MC
m
c

ty

= 0, with

;

Mt

g, T =

t

2MtMc
t

and
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With the x axis upward along the in-

0(5).

cline, Maax = F

H
Fab

fa

Wb

and Mbax = F
ab
F
= F
ba
ab'

ea

f

= Maax

8.1 x
P(5).

Ito

(a)

ab

'4

x

lr

sine ,

a

x

W

sin 9

b

4. W

a

a

sin 0

F

ab

104 N.
rr3

T

b'

M,

M,

i

-

f
b

= M lb a

rt21 = Ta, and rt21

(b) a
"T

a

Wb sin 8, where

fb

So F

- f

ba

4
g sin 8) 4. fb = 5.0 x 10

= mb(ax

and F

- F

ea

ml + M2 + M3

g (down);

a

a

Mos

II

T

b

M

M g

m 3 m
2

-

2

3

(c) 3gs2/100 = 0.29 m; gs/5 = 2.0 m/s.
Q(5).

N2

(a)

(b) 3.3 or 3.4 m /s2;
(c -) 72 N.

PRACTICE TEST
1.

A constant force t pulls on block 2,
so that both objects accelerate upward
along the incline.

The coefficient of

friction between each block and the
sloping surface is pk.

(a) Draw a free-body diagram for block
1, showing all the forces acting on
it.

Identify the agent responsible

for each of these forces.
(b) In a separate diagram, do the same for block 2.

(c) Set up a suitable coordinate system, and write Newton's second law in
component form for block 1.

In your final equations evaluate any

gravitational and/or frictional forces in terms of g and/or pk.
(d) Do the same for block 2.
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(e) If F = 200 N, Ml = 16.0 kg, i12 = 4.0 kg, pk = 0.50, determine the

acceleration of the blocks.
2.

Two small blocks of equal mass are
attached to two strings of equal length
and are set into rotation on a horizontal frictionless plane with uniform
Find the ratio of

circular motion.

the tension in the inner string to
that in the outer string.
Practice Test Answers
1.

ae

(a)

Al is the normal force (1.com-

.0

-

ponent of plane on block);

T

l'14

1

is the frictional force ( :11

component of plane on block);
1cI

is the weight of block or

1).1

Fl

attraction of earth for block;

30°

is the tension in rope-pull of
rope on block.

I

N

(b)

2

it

.0

12 is the normal force;
!k2 is the frictional force;

J2

1

W2 is the weight;

ris the tension in rope;
t is the force pulling agent exerts

tic2

VV

on block.
2

(c) ax = (T/M1) - pkg cos 30° - g sin 30°.
(d) ax = [(F

(e) a = [FAR'

T)/M2]

NO]

cos 30°

g sin 30°.

Pkg cos 30° - g sin 30°, a = 0.9 m/s

the plane.

2.

Ti/ To = 3/2.
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APPLICATIONS OF NEwroNis LAWS
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Mastery Test
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1

2

3

4.

S

Tutor

Name
1.

recycle

Two bodies of equal mass (4.0 kg) are placed on inclined planes and
connected by a rope that passes over a frictionless pulley as shown.
All surfaces are frictionless and the rope has negligible mass.

(a) Make a free-body diagram
for each body.
(b) Describe any action-reaction
forces between the two bodies.
(c) Find the acceleration of the
system and the tension in the rope.

2.

A 40-kg child stands in place on a merry-go-round. He is 3.00 m from
the center of rotation, and the merry -go- round -makes one tarn every 7-0 s.
(a) Draw a free-body diagram of the child.

(b) What interaction(s) is/are responsible for the centripetal force?
(c) Determine the magnitude of the total force that the merry-go-round
exerts on the child.
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1.

recycle

pass
2

3

4

Tutor

Each block in the figure has a mass of 5.0 kg.
The pulley is frictionless, but the inclined surface has a coefficient of sliding friction
u = 0.200. The static friction is small enough so that the system
moves.

(a) Draw -free -body diagrams for
both blocks.

(b) Describe any action- reaction
forces between the two bodies.

(c) Find the acceleration of the blocks.

2.

A youngster is flying a 0.50-kg.model airplane at the end of a 6.0-m
guide control. The control makes an angle 0 upward with respect to the
horizontal, while the airplane flies in a.circular path at a uniform
speed-of 9.5 m/s. Assume an aerodynamic lift force in an upward
vertical direction.
(a) Sketch the situation and draw a free-body diagram for the airplane.
(b) What is the force or forces responsible for the centripetal force?
(c) Express the tension in the guide control as a function of the: angle
0 of the guide with the horiiontal.

(d) For 0= 30°, determine the vertical aerodynamic lift force on the
airplane.
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3
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Tutor
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-recycle

A piston exerts a constant horizontal force
on block A so that both
blocks accelerate toward the right. The coefficient of kinetic
friction between each block and the horizontal surface is p.

(a) Draw a free-body diagram for
both bodies.
(b) Describe any action-reaction forces
between:the blocks.

m.

-I I

(c) If P = 100-N, mA = 1.50 kg,

I
r

m6 = 0.50 kg, and p = 0.50,

determine the acceleration of
the blocks.

(d) Determine the force that block A exarts on block B.
2.

A car drives at 40 m/s around a circular track of radius 200 m. The
track is correctly banked so the car doesn't depend on friction as it
rounds the corner.
(a -) Draw a free-body diagram of the car.

(b) What fo:ce (or forces) is responsible for the centripetal force?
(c) Determine the angle of the bank (i.e., the angle of incline the
road makes with the horizontal).
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A-1

MASTERY TEST GRADING KEY - Form A

What to Look For

Solutions

Body 12

(b) Ask what the rope
and pulley do.

(b) None: The action - reaction pairs are
between the blocks and rope. The rope
transfers a force from one block to the
other while the pulley changes the direction of this force.

(c) Watch for the orientation of the coordinate
systems. Assume body-2
moves down the 60° incline
and.body 1 moves up the 30°

(c) Taking the orientation of our coordinate
systems as shown in part (a), we apply
Newton's second lawn

incline.

Body 1,
EFx = max:

i'1 - mg sin 30° = ma
l'

EFy = ma :

- mg cos 30° = 0,

N
1

Body 2,
EF = max:
X

mg sin 60° - 12 g ma2,

EF

N

Y

6.8

= ma

Y

:

2

- mg sin 60° = O.

APPLICATIONS OF NEWTON'S LAWS
T1 = T2 = T
3.

Adding Eqs. (1) and (2), we get
rag sin 60° - mg sin 30° = 2rna,

See General Comments;
al = a = a.
2

a = (g/2) (sin 60° - sin 30°),

Two bodies move as a- system.

a =

)(0.87 - 0.50)

a = 1.8 m/s2,
To solve for T, we can go back
to either Eq. (1) or (2).

From Eq. (1),

T = mg sin 30° + ma
= m(g sin 30° + a)
= (4.0 kg)[(9.8 m/s2)(0.50) + 1.8

m/s23

T= 26 N.
2.(a)

2.(a)

(b) The- frictional force between the
child's feet and the merry-go-round
is responsible for the centripetal
force.

(c) The merry-go-round exerts a

normal force

(c) Applying -Newton's second law:

and a

frictional : force

EF = max:
x

on the

EF

child, so we-need both

Y

and N.

= ma

f = mv2Th
N

O.

trig

Y.

2*
8.0s
(40

2w(3.60 m)
8:0-s

*

kg)4A3.00

(8.0 02(3.00 m)
The magnitude of the total force
exerted by the merry-go-round

f=

3.00. m)

74 11,

(84) s

is given by FT = 042 + f2)1/2.
N = mg = (40- kg)(9.8 m/s2) = 390 No

FT = [090 ti)24' (74 0231/2 = 400 H.
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B-1

MASTERY TEST GRADING KEY - Form B

What _to Look For
1.(a)

Solutions

Body 11

i
Body

a

(b) See General Convent 3.

(h) None: The action-reaction pairs are
between the blocks and the rope,
but not between the blocks.

(c) Assume block 2 goes
vertically down-while
block 1 slides up the
plane.

(c) Applying Newton's second law to
body I:

EF

= max:

EF

. may:

X

Y

f -,mg sih

N

- mg cos
1

For body 2;

EF1-(= max:

mg- - 12 = ma2. -(0

For body 1:
f = uNl = pmg(cos 30p).
Substituting this into. Eq. (1),
ping(cos 30°)

See General Comient 3.

-Add

Eqs.

(3) and (1).

mgsin 30°) =.

)

APPLICATIONS OF NEWTON'S LAWS

8-2

al = a2 = a.

mg - mg cos 30° - mg sin 30° = 2ma,

The two bodies move at the
same rate.

a = 0/2[1

cos 30° - sin 300]

a = (9.8 m/s2/2)(1 - (0.200)(0.87) - 0.50],
a = 1.6 m/s2.
What would have resulted if we
had assumed block I was moving
down the plane?

The frictional force on block 1 -would
change direction and the caldulated
acceleration would be negative, showing
we had chosen the incorrect situation.

2.(a)

10

(b) The horizontal component of the
tension is responsible for the
centripetal force.
(c) Note the radius of the
circular path of the airplane is R cos 0.

(c) Applying Newton's second law to
the airplane, we find

IF = max:
x
EFy = may:

2
T cos 0 = am /r,

L

T sin 0 - mg = 0 (5)

From Eq. (4):
2
T cos 0 = mv /R cos 0,
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2
T = rav /R(cos a )2

(0.50 kg)(9.5 m/s)2
(6.0 n) cos 8

I=

(7.5/0s2 a) N.

(d) From Eq. (5):

L= I sine

I

4. mg,

7.5
0 2 sin 300
( s 30 )

+ (0.50 kg)(9.8 m/s2) = 9.8 N.
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c-1

MASTERY TEST GRADING KEY - Formt

Solutions

What to Look For
1. (a)

1. (a)

Body A

r.
3

(b) RA and R8 are an action-reaction pair.

RA is the

force that block B exerts on block A.

R8 is the

force that block A exerts on block B.

RA

- R8.

(c) Applying Newton's second law to block A, we find

1F = ma :
X
X

P

EF = may:
Y

NA -WA = 0

fA - RA =

'

but
fa = 01A = 01A 2 limAg'

Substituting this into Eq. (1),
P

"Ag
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mAaAx"

Ax'
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C-2

Block B,
max:

IFx

RB

N

EFL = mad:

8

fB

fB

- V =
8

"01 RB

PRB

mBaBX,
(3)

uraBg

meBx*

(4)

RA = RB as discussed in
Add Eck. -(2) and (4):

part (b).
aAx

P

aBX = a.

umPig

umBg

(mk+ ImB)a/

P - pg(mh 4' ad-

pg,

a

mil + mB

_10 N

a

+ 1118

(0.50)(9.8 Au/s2) = 45 t/s2.

2 . 000 k g

(d) From Eq. (4),

RB = pmBg

.

mBa

(0.50)(0.50 kg)(9.8 m/s2)

(0.50 kg)(45 m/s2)

--s 25 N.

2. (a)

(b) The component of the normal force in the horizontal

direction is the centripetal force.
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(c) Apply Newton's second law,
2

N sine = mv /r,
H case - mg = O.
Divide these two equations:
H sin 9
H cos 9

mv2/r
mg.

2
tan 0 = v /rg

0 = arc tan
= arc tan

(v2/rg)

(40 m/s)2
(

(200 m )(9.8 m/s-)
= arc tan (0.82).

e = 39°.
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