A Not-So-
Simple
Machine

How does a multispeed

bicycle let a cyclist ride

over any kind of terrain

with the least effort?

W o0k at the text
on page 238 for
the answer.
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CHAPTER

Energy, Work,
I and Simple
Machines

-

or cool our homes, and to make computers hum. Solar

energy is required for crops and forests to grow. The energy
stored in food gives you the energy needed to play sports or walk
to the store. Note, however, all these statements indicate that hav-
ing energy enables something to perform an action, rather than
saying directly what energy is. It is hard to give a good definition
of energy without examples of how energy is used and the result-
ing changes.

In this chapter, you'll concentrate on one method of changing
the energy of a system—work. You'll need to be careful here. You
may think you're doing work when you put forth a physical effort.
For example, you and a friend may try to move a stalled car, but
the car doesn’t budge. You feel as though you've done work
because you're out of breath and your arms ache. However, to a
scientist, work is defined in terms of force as well as a change in
position. If the car didn’t move, no work was done!

For thousands of years, doing work has been of vital concern
to the human race. However, the forces the human body can exert
are limited by physical strength and body design. Consequently,
humans have developed machines that increase the amount of
force the human body can produce. A mountain bike is a
machine that uses sprockets and a chain to transfer the force of
the legs to a force exerted by the rear wheel. Different combinations
of sprockets are used to match the forces of the leg to the task of
riding at high speed on level ground or while climbing a steep
hill. In this chapter, you'll investigate how a few simple machines
can make doing work easier.

w hat is energy? Energy is needed to make cars run, to heat

WHAT YOU'LL LEARN

® You will recognize that work
and power describe how
energy moves through the
environment.

* You will relate force to work
and explain how machines
make work easier by chang-
ing forces.

WHY IT'S IMPORTANT

e A little mental effort in iden-
tifying the right machine for
a task can save you much
physical effort. From open-
ing a can of paint to releas-
ing a car stuck in the mud
to sharpening a pencil,
machines are a part of
everyday life.

To find out more about work,
energy, and machines, visit the
Glencoe Science Web site at
science.glencoe.com
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OBJECTIVES

® Describe the relationship
between work and energy.

® Display an ability to calcu-
late work done by a force.

® |dentify the force that
does work.

* Differentiate between work
and power and correctly
calculate power used.

FIGURE 10-1 In physics, work
is done only when a force causes
an object to move.

EY.I.

—~—  ———

In physics, work and energy
have precise meanings,
which must not be confused
with their everyday meanings.
Robert Oppenheimer wrote,
“Often the very fact that
the words of science are
the same as those of our
common life and tongue
can be more misleading
than enlightening”
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If you had a job moving boxes around a warehouse, you
would know something about work and energy. It's not easy to lift the
boxes onto a truck, slide them across a rough floor, or get them moving
quickly on a roller belt, as in Figure 10-1. You have probably thought on
more than one occasion that physics is hard work and that you expend a
lot of energy solving problems. Your meaning of the words work and energy
is different from their meaning in physics. You need to be more specific about
the meaning of work and energy to communicate effectively in science.

Energy

When describing an object, you might say that it is blue, it is 2 m tall,
and it can produce a change. This property, the ability to produce change
in itself or the environment, is called energy. The energy of an object can
take many forms, including thermal energy, chemical energy, and energy
of motion. For example, the position of a moving object is changing over
time; this change in position indicates that the object has energy. The
energy of an object resulting from motion is called kinetic energy. To
describe kinetic energy mathematically, you need to use motion equa-
tions and Newton's second law of motion, F = ma.

Energy of motion Start with an object of mass m, moving at speed v,
Now apply a force, F, to the object to accelerate it to a new speed, v;. In
Chapter 5 you learned the motion equation that describes this situation.

2,2
v° =1,y° + 2ad

To see how energy is expressed in this relationship, you need to do some
rearranging. First add a negative v, to both sides.

2,2
v° — vy~ = 2ad
Using Newton’s second law of motion, substitute F/m for a.

v,2 = vy? = 2Fd/m




And finally, multiply both sides of the equation by 1/2 m.
1/2mv,? = 1/2mvy? = Fd

On the left-hand side are the terms that describe the energy of the system.
This energy results from motion and is represented by the symbol K,
for kinetic.

Kinetic Energy K = 1/2muv?

Because mass and velocity are both properties of the system, kinetic
energy describes a property of the system. In contrast, the right-hand side
of the equation refers to the environment: a force exerted and the result-
ing displacement. Thus, some agent in the environment changed a prop-
erty of the system. The process of changing the energy of the system is
called work, and it is represented by the symbol W.

Work W = Fd

Substituting K and W into the equation, you obtain K; — K, = W. The
left-hand side is simply the difference or change in kinetic energy and
can be expressed by using a delta.

Work-Energy Theorem AK =W

In words, this equation says that when work is done on an object, a
change in kinetic energy results. This hypothesis, AK = W, has been tested
experimentally many times and has always been found to be correct. It is
called the work-energy theorem. This relationship between doing work
and a resulting change in energy was established by the
nineteenth-century physicist James Prescott Joule. To honor his work, a
unit of energy is called a joule. For example, if a 2-kg object moves at
1 m/s, it has a kinetic energy of 1kg-m?/s? or 1 J.

Work

While the change in kinetic energy describes the change in a property
of an object, the term Fd, describes something done to the object. An
agent in the environment exerted a force F that displaced the object an
amount d. The work done on an object by external forces changes the
amount of energy the object has.

Energy transfer Remember when you studied Newton's Laws of motion
and momentum, that a system was the object of interest, and the environ-
ment was everything else. For example, the one system might be a box in
the warehouse and the environment is you, gravity, and anything else
external to the box. Through the process of doing work, energy can move
between the environment and the system, as diagrammed in Figure 10-2.
Notice that the direction of energy transfer can go both ways. If the
environment does work on the system, then W is positive and the energy
of the system increases. If, however, the system does work on the envi-
ronment, then W is negative, and the energy of the system decreases.

Pocket Lab

Working Out

a

Attach a spring scale to a
1.0-kg mass with a string.

Pull the mass along the table

at a slow, steady speed while
keeping the scale parallel to the
tabletop. Note the reading on
the spring scale.

Analyze and Conclude What
are the physical factors that
determine the amount of force?
How much work is done in
moving the mass 1.0 m? Predict
the force and the work when a
2.0-kg mass is pulled along the
table. Try it. Was your prediction
accurate?

Energy
Transfer
Environment System

Work

FIGURE 10-2 Work transfers
energy between an environment
and a system. Energy transfers
can go either direction.
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/ /0 Planet

Sun
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FIGURE 10-3 If a planetisin a
circular orbit, then the force is
perpendicular to the direction of
motion. Consequently, the gravi-
tational force does no work on
the planet.

Calculating work The equation for work is W = Fd, however this
equation holds only for constant forces exerted in the direction of the
motion. What happens if the force is exerted perpendicular to the direc-
tion of motion? An everyday example is the motion of a planet around
the sun, as diagramed in Figure 10-3. If the orbit is circular, then the
force is always perpendicular to the direction of motion. Remember
from Chapter 7 that a perpendicular force does not change the speed of
an object, only its direction. Consequently, the speed of the planet doesn't
change. Therefore, its kinetic energy is also constant. Using the equation
AK = W, you see for constant K that AK = 0 and thus W = 0. This means
that if F and d are at right angles, then W = 0.

Because the work done on an object equals the change in energy, work
is also measured in joules. A joule of work is done when a force of one
newton acts on an object over a displacement of one meter. An apple
weighs about one newton. Thus, when you lift an apple a distance of one
meter, you do one joule of work on it.

Example Problem

Calculating Work

Sketch the Problem

Check Your Answer

e Establish a coordinate axis.
e Show the hockey puck with initial conditions. d
e Draw a vector diagram.

Calculate Your Answer

A 105-g hockey puck is sliding across the ice. A player exerts a con-
stant 4.5-N force over a distance of 0.15 m. How much work does
the player do on the puck? What is the change in the puck’s energy?

Vector Diagram  G———» F

Known: Strategy: Calculations:
m=105g Use the basic equation for W = Fd
F=45N work when a constant force is W = (4.5 N)(0.15 m)
d=015m e)‘(erted in same direction as W = 0.68 N-m = 0.68 ]
displacement.
Unknown:
, Use the work-energy theorem AK =W = 0.68]
W= to determine the change in
AK =7 energy of the system.

e Are the units correct? Work is measured in joules, ] = N-m.

e Does the sign make sense? The player does work on the puck,
which agrees with a positive sign for work.

e A magnitude of about 1 ] fits with the quantities given.
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Practice Problems

1. A student lifts a box of books that weighs 185 N. The box is
lifted 0.800 m. How much work does the student do on the box?

2. Two students together exert a force of 825 N in pushing a
car 35 m.

a. How much work do they do on the car?
b. If the force were doubled, how much work would they do
pushing the car the same distance?

3. A 0.180-kg ball falls 2.5 m. How much work does the force of
gravity do on the ball?

4. A forklift raises a box 1.2 m doing 7.0 kJ of work on it. What is
the mass of the box?

5. You and a friend each carry identical boxes to a room one floor
above you and down the hall. You choose to carry it first up the
stairs, then down the hall. Your friend carries it down the hall,
then up another stairwell. Who does more work?

Constant force at an angle You've learned that a force exerted in the
direction of motion does an amount of work given by W = Fd. A force
exerted perpendicular to the motion does no work. What work does
a force exerted at an angle do? For example, what work does the
person pushing the lawn mower in Figure 10-4a do? You know that any
force can be replaced by its components. The 125-N force, F, exerted
in the direction of the handle has two components. If we choose the
coordinate system shown in Figure 10-4b, then the magnitude of
the horizontal component, F,, is related to the magnitude of the force, F,
by a cosine function: cos 25.0°= F,/F. By solving for F,, you obtain
F, = F cos 25.0° = 113 N. Using the same method, the vertical compo-
nentis F, = —Fsin 25.0° = —52.8 N, where the negative sign shows that
the force is down. Because the displacement is in the x direction, only
the x-component does work. The y-component does no work. The work
you do when you exert a force at an angle to the motion is equal to the
component of the force in the direction of the displacement times the
distance moved.

Pocket Lab

An Inclined Mass

a

Attach a spring scale to a
1.0-kg mass with a string.
Increase the angle between
the string and the tabletop, for
example, to 30°. Try to keep the
angle constant as you pull the
1.0-kg mass along the table at
a slow, steady speed. Note the
reading on the scale.

Analyze and Conclude How
much force is in the direction
of motion? How much work is
done when the 1.0-kg mass
moves 1.0 m? How does

the work compare to the
previous value?

FIGURE 10-4 If a force is
applied to the mower at an angle,
the net force doing the work is
the component that acts in the
direction of the displacement.
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The magnitude of the component force acting in the direction of dis-
placement is found by multiplying the magnitude of force F by the
cosine of the angle between F and the direction of the displacement,
F, = F cos . Thus, the work done is represented the following way.

W=Fcosfd

Work (Angle Between Force and Displacement) W = Fd cos 6

Other agents exert forces on the lawn mower. Which of these agents
do work? Earth’s gravity acts downward, the ground exerts a normal force
upward, and friction exerts a horizontal force opposite the motion. The
upward and downward forces are perpendicular to the motion and do
no work. For these forces, 8 = 90°, which makes cos § = 0, and thus, no
work is done.

The work done by friction acts at an angle of 180°. Because
cos 180° = —1, the work done by friction is negative. Negative work
done by a force in the environment reduces the energy of the system. If
the person in Figure 10-4a were to stop pushing, the mower would
quickly stop moving; its energy of motion would be reduced. Positive
work done by a force increases the energy; negative work decreases it.

PROBLEM SOLVING STRATEGIES

Work Problems

1. Sketch the system and show the force that is doing the work.
Diagram the vectors of the system.

Find the angle, 6, between each force and displacement.
Calculate the work done by each force using W = Fd cos 6.
Check the sign of the work using the direction of energy
transfer. If the energy of the system has increased, the work
done by that force is positive. If the energy has decreased,
then the work done is negative.

S

Example Problem

Force and Displacement at an Angle

A sailor pulls a boat 30.0 m along a dock using a rope that +y
makes a 25.0° angle with the horizontal. How much work does
the sailor do on the boat if he exerts a force of 255 N on the rope? +X

Sketch the Problem d

e Establish coordinate axes. Vector Diagram
e Show the boat with initial conditions. @4: F cos 25°

e Draw a vector diagram showing the force and its
component in the direction of the displacement.

228  Energy, Work, and Simple Machines
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Calculate Your Answer

Known: Strategy: Calculations:

F=255N Use the equation for work when W = Fd cos 6

d=30.0m there is an angle between force and W = (255 N)(30.0 m)(cos 25.0°)
0 =25.0° displacement. W =6.93 X 103]

Unknown:

W=2

Check Your Answer
¢ Are the units correct? N-m = J, and work is measured in joules.
e Does the sign make sense? The sailor does work on the boat,
which agrees with a positive sign for work.
e Is the magnitude realistic? Magnitude of about 7000 J fits with
the quantities given.

Practice Problems

6. How much work does the force of gravity do when a 25-N
object falls a distance of 3.5 m?

7. An airplane passenger carries a 215-N suitcase up the stairs, a
displacement of 4.20 m vertically and 4.60 m horizontally. F(N)
a. How much work does the passenger do?
b. The same passenger carries the same suitcase back down the

same stairs. How much work does the passenger do now?

8. A rope is used to pull a metal box 15.0 m across the floor. The
rope is held at an angle of 46.0° with the floor and a force of
628 N is used. How much work does the force on the rope do?

d (m)

Finding work done when forces change A graph of the force ver-

sus the displacement lets you determine the work done by a force. This

graphical method can be used to solve problems for which the force is 20

changing. Figure 10-5 shows how to find the work done by a constant

force of 20 N that is exerted lifting an object 1.5 m. The work done by

this constant force is represented by W = Fd = (20 N)(1.5 m) = 30 J.

The shaded area under the curve is equal to 20 N X 1.5 m, or 30 J. The

area under the curve of a force-displacement graph is equal to the work

done by that force. The area is the work done even if the force changes. 0

Figure 10-5 shows the force exerted by a spring, which varies linearl

frc;grun 0 to 20 N as it is compressed 1.5ym. "ll")he xiork done by the forcz FIGURE 10-5 Work can be
obtained graphically by finding

that compressed the spring is the area under the curve, which is the area the area under a force-

of a triangle, 1/2 (base)(altitude), or W = 1/2(20 N)(1.5 m) = 15 J. displacement curve.

F(N)

0 15 4m
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FIGURE 10-6 These students
are expending energy at different
rates while climbing the stairs.

Power

Until now, none of the discussions of work has mentioned the time it
takes to move an object. The work done by a person lifting a box of
books is the same whether the box is lifted onto a shelf in 2 seconds or
each book is lifted separately, so that it takes 20 minutes to put them all
on the shelf. Although the work done is the same, the power is different.
Power is the rate of doing work. That is, power is the rate at which energy
is transferred. Consider the three students in Figure 10-6, the girl hur-
rying up the stairs is more powerful than the boy walking. Even though
the same work is accomplished, the girl accomplishes it in less time. In
the case of the two students walking up the stairs, both accomplish work
in the same amount of time. However, the girl carrying books does more
work and, consequently, her power is greater. To calculate power, use the
following formula.

Power P = T

Power is measured in watts (W). One watt is one joule of energy trans-
ferred in one second. A machine that does work at a rate of one joule per
second has a power of one watt. A watt is a relatively small unit of power.
For example, a glass of water weighs about 2 N. If you lift it 0.5 m to your
mouth, you do one joule of work. If you lift the glass in one second, you
are doing work at the rate of one watt. Because a watt is such a small unit,
power is often measured in kilowatts (kW). A kilowatt is 1000 watts.

' Example Problem

230

Calculating Power

An electric motor lifts an elevator 9.00 m in 15.0 s by
exerting an upward force of 1.20 X 10* N. What power Diagram
does the motor produce in watts and kilowatts? i ;

Sketch the Problem

+y Vector

e Establish a coordinate axis, up being positive.

e Show the elevator with initial conditions.

e Draw a vector diagram for the force.

Calculate Your Answer

Known:
d=9.00m
t=15.0s
F=1.20X 10*N
Unknown:

P=1

Energy, Work, and Simple Machines

F
d
Strategy: Calculations:
. w
Use work and time to W =Fdand P = —, so
find power. b Fd t

t

(1.20 X 10* N)(9.00 m)
P =

15.0 s =7.20 kW




Check Your Answer

e Are the units correct? Check algebra on units to ensure that
power is measured in watts.

e Does the sign make sense? Positive sign agrees with the upward
direction of force.

e Is the magnitude realistic? Lifting an elevator requires a high
power. 7200 watts is about right.

Practice Problems

9. A box that weighs 575 N is lifted a distance of 20.0 m straight
up by a cable attached to a motor. The job is done in 10.0 s.
What power is developed by the motor in watts and kilowatts?

10. A rock climber wears a 7.5-kg knapsack while scaling a cliff.
After 30 min, the climber is 8.2 m above the starting point.
a. How much work does the climber do on the knapsack?
b. If the climber weighs 645 N, how much work does she do
lifting herself and the knapsack?
c. What is the average power developed by the climber?
11. An electric motor develops 65 kW of power as it lifts a loaded
elevator 17.5 m in 35 s. How much force does the motor exert?
12. Your car has stalled and you need to push it. You notice as the
car gets going that you need less and less force to keep it going.

Draw a force-displacement graph to represent the work done
during this period.

|0.| Section Review

A bicyclist in the Tour de
France rides at about 20 mph
for more than six hours a
day. The power output of the
racer is about one kilowatt.
One quarter of that power
goes into moving the bike
against the resistance of
the air, gears, and tires.
Three quarters of the
power is used to cool the
racer’'s body.

Suppose that for the first 15 m your force decreased at a constant
rate from 210 N to 40 N. How much work did you do on the car?

1. Explain in words, without the use of a 4. Explain how the motion of a hockey
formula, what work is. puck, after having a force applied to it
2. When a bowling ball rolls down a over some distance, supports the
level alley, does Earth’s gravity do any work-energy theorem.
work on the ball? Explain. 5. Critical Thinking If three objects exert
3. Does the work required to lift a book forces on a bf)de can th?Y all do work
to a high shelf depend on how fast at the same time? Explain.

you raise it? Does the power required
for the lift depend on how fast you
raise the book? Explain.

10.1 Energy and Work 231




f‘flf

YRVAY

)

\J Design Your Own PhYSiCS Lab

232

Your Power

Can you estimate the power that you gener-
ate as you climb stairs? Climbing stairs
requires energy. As you move your weight
through a distance, you accomplish work.
The rate at which you do this work is power.

Hypothesis

Form a hypothesis that relates estimating
power to measurable quantities. Predict the
difficulties you may encounter as you are
trying to solve the problem.

Possible Materials

Determine which variables you will
measure and then plan a procedure for
taking measurements. Tell your teacher
what materials you would like to use to
accomplish your plan. Once you have
completed your lab, be sure to dispose of,
recycle, or put away your materials.

Plan the Experiment

In your group, develop a plan to measure

your power as you climb stairs. Be prepared

to present your plan, your data, your calcula-

tions, and your results to the rest of the

class. Take measurements for at least

two students.

1. Identify the dependent and independent
variables.

2. Describe your procedures.

w

. Set up data tables.

4. Write any equations that you will need for
the calculations.

5. Check the Plan Show your teacher your
plan before you leave the room to start
the experiment.

Energy, Work, and Simple Machines (

<«

_ CONTENTS

Analyze and Conclude

1. Calculating Results Show your calcula-
tions for the power rating of each climber.

2. Comparing Results Did each climber
have the same power rating?

3. Analyzing Data Explain how your power
could be increased.

4. Making Inferences Explain why the
fastest climber might not have the highest
power rating. Explain why the largest
climber might not have the highest
power rating.

Apply

1. Your local electric company charges you
about 11 cents for a kilowatt-hour of
energy. At this rate, how much money could
you earn by climbing stairs continuously
for one hour? Show your calculations.

| 2



Machines

£
veryone uses some machines every day. Some are simple

¥
— Etools, such as bottle openers and screwdrivers; others
are complex, such as bicycles and automobiles. Machines, whether pow-
ered by engines or people, make tasks easier. A machine eases the load
by changing either the magnitude or the direction of a force as it trans-
mits energy to the task.

Simple and Compound Machines

Consider the bottle opener in Figure 10-7. When you use the
opener, you lift the handle, thereby doing work on the opener. The
opener lifts the cap, doing work on it. The work you do is called the
input work, W;. The work the machine does is called the output work, W,

Work, as you recall, is the transfer of energy by mechanical means.
You put work into a machine, in this case, the bottle opener. That is, you
transfer energy to the opener. The opener, in turn, does work on the cap,
transferring energy to it. The opener is not a source of energy, so the cap
cannot receive more energy than you put into the opener. Thus, the out-
put work can never be greater than the input work. The machine simply
aids in the transfer of energy from you to the bottle cap.

%ﬁ> §e @ d,

Mechanical advantage The force you exert on a machine is called
the effort force, F,. The force exerted by the machine is called the
resistance force, F. Figure 10-8 shows a typical pulley setup, where F,
is the downward force exerted by the man and the F, is the upward force
exerted by the rope. The ratio of resistance force to effort force, F /F,, is
called the mechanical advantage (MA) of the machine.

I

Mechanical Advantage MA = F

e

Many machines, such as the bottle opener, have a mechanical advan-
tage greater than one. When the mechanical advantage is greater than
one, the machine increases the force you apply. In the case of the pulley
system in Figure 10-8, the forces F, and F, are equal, consequently MA
is 1. So what is the advantage? The usefulness of this pulley arrangement
is not that the effort force is lessened, but that the direction is changed;
now the direction of effort is in the same direction as displacement.

OBJECTIVES

* Demonstrate knowledge
of why simple machines
are useful.

® Communicate an under-
standing of mechanical
advantage in ideal and
real machines.

® Analyze compound
machines and describe
them in terms of simple
machines.

e Calculate efficiencies for
simple and compound
machines.

FIGURE 10-7 A bottle opener
is an example of a simple machine.
It makes opening a bottle easier,
but not less work than it would
be otherwise.

=
Al

FIGURE 10-8 The pulley
system makes work easier not by
increasing the force the man can
apply to the resistance, but by
allowing him to apply the force
parallel to displacement.
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HELP WANTED
CHIROPRACTOR

Do you like to work on “the
human machine?” A group
practice in a small city desires
a new partner to expand ser-
vices. A belief in the holistic
(nondrug, nonsurgical)
approach to medicine and a

positive, professional demeanor

are required for one to be
a successful chiropractor.
Completion of an accredited,
six-year Chiropractic College
program with a Doctor of

Chiropractic (D.C.) degree and

a state license are required.
For information contact:
International Chiropractors
Association

1110 N. Glebe Road

Suite 1000

Arlington, VA 22201

o

EY.I.

— —— T——

Efficiency Statistic: Most
automobiles get about 28%
more miles per gallon of
fuel at 50 miles per hour
than at 70 miles per hour.
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You can write the mechanical advantage of a machine in another way
using the definition of work. The input work is the product of the effort
force you exert, F,, and the distance your hand moved, d,. In the same
way, the output work is the product of the resistance force, F,, and the
displacement of the object, d.. A machine can increase force, but it can-
not increase energy. An ideal machine transfers all the energy, so the
output work equals the input work.

W, =W,
or
Fd, = Fd,

This equation can be rewritten F,/F, = d,/d,. We know that the mechani-
cal advantage is given by MA = F,/F,. For an ideal machine, MA = d/d..
Because this equation is characteristic of an ideal machine, the mechanical
advantage is called the ideal mechanical advantage, IMA.

d
Ideal Mechanical Advantage IMA = d_e

T
Note that you measure distances moved to calculate the ideal mechani-
cal advantage, IMA, but you measure the forces exerted to find the actual
mechanical advantage, MA.

Efficiency In a real machine, not all of the input work is available as
output work. Some of the energy transferred by the work may be “lost”
to thermal energy. Any energy removed from the system means less out-
put work from the machine. Consequently, the machine is less efficient
at accomplishing the task.

The efficiency of a machine is defined as the ratio of output work to
input work.

Efficiency efficiency (%) =

W
2 % 100
Wl
An ideal machine has equal output and input work, W /W, = 1, and
its efficiency is 100%. All real machines have efficiencies less than 100%.
We can express the efficiency in terms of the mechanical advantage and

ideal mechanical advantage.

efficiency (%) = Effe X 100
de/d,

Efficiency efficiency (%) MA X 100
o) = ——
y < IMA

The IMA of most machines is fixed by the machine’s design. An effi-
cient machine has an MA almost equal to its IMA. A less efficient
machine has a small MA relative to its IMA. Lower efficiency means that
a greater effort force is needed to exert the same resistance force as a
comparable machine of higher efficiency.




FIGURE 10-9 The simple machines pictured are the lever (a); pulley (b);
wheel and axle (c); inclined plane (d); wedge (e); and screw (f).

Simple machines Most machines, no matter how complex, are combi-
nations of one or more of the six simple machines shown in Figure 10-9.
They are the lever, pulley, wheel and axle, inclined plane, wedge, and
screw. Gears, one of the simple machines used in a bicycle, are really a
form of the wheel and axle. The IMA of all machines is the ratio of dis-
tances moved. Figure 10-10 shows that for levers and wheel and axles this
ratio can be replaced by the ratio of the distance between the place where
the force is applied and the pivot point. A common version of the wheel
and axle is a pair of gears on a rotating shaft. The IMA is the ratio of the
radii of the two gears.

Compound machines A compound machine consists of two or
more simple machines linked so that the resistance force of one
machine becomes the effort force of the second. For example, in the
bicycle, the pedal and front sprocket (or gear) act like a wheel and axle.
The effort force is the force you exert on the pedal, F_ pedal The resis-
tance is the force the front sprocket exerts on the chain, F as
illustrated in Figure 10-11.

The chain exerts an effort force on the rear wheel sprocket, Fiy chain
equal to the force exerted on the chain. This sprocket and the rear wheel
act like another wheel and axle. The resistance force is the force the
wheel exerts on the road, F_ ,.4- According to Newton'’s third law of
motion, the ground exerts an equal forward force on the wheel. This
force accelerates the bicycle forward.

on chain’

F

r

A

——— rr4> Fe

1

Fe

pivot point

|-+~ pivot point

axle

wheel~ ~_|

— T —>* .

FIGURE 10-10 For levers and
wheel and axles, the IMA'is r,/r.
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FIGURE 10-11 A series of
simple machines combines to
transmit the force the rider exerts
on the pedal to the road.

Pocket Lab

Wheel and Axle

a

The gear mechanism on your
bicycle multiplies the distance
that you travel. What does it do
to the force? Try this activity to
find out. Mount a wheel and
axle on a solid support rod.
Wrap a string clockwise around
the small diameter wheel and a
different string counterclockwise
around the large diameter wheel.
Hang a 500-gram mass from
the end of the string on the
larger wheel. Pull the string
down so that the mass is lifted
by about 10 cm.

Analyze and Conclude What
did you notice about the force
on the string in your hand?
What did you notice about the
distance that your hand needed
to move to lift the mass? Explain
the results in terms of the work
done on both strings.
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Fon chain N

on pedal

The mechanical advantage of a compound machine is the product of
the mechanical advantages of the simple machines it is made up of. For
example, Figure 10-11 illustrates the case of the bicycle.

MA = MA X MA

machine 1 machine 2
MA = Fon chain Fon road _ Fon road
E on pedal E by chain E on pedal

The IMA of each wheel and axle machine is the ratio of the distances
moved. For the pedal sprocket,
pedal radius

~ front sprocket radius

IMA

For the rear wheel,
rear sprocket radius

IMA =
wheel radius
For the bicycle, then,

pedal radius rear sprocket radius

IMA =

~ front sprocket radius wheel radius

rear sprocket radius

B pedal radius
front sprocket radius ~ wheel radius

Because both sprockets use the same chain and have teeth of the same

size, you can simply count the number of teeth on the gears and find that

teeth on rear sprocket

IMA = pedal arm length ‘

teeth on front sprocket wheel radius

Shifting gears on your bicycle is a way of adjusting the ratio of
sprocket radii to obtain the desired IMA. MA depends on forces. You
know that if the pedal is at the top or bottom of its circle, no matter how
much downward force you exert, the pedals will not turn. The force of
your foot is most effective when the force is exerted perpendicular to the
arm of the pedal. Whenever a force on a pedal is specified, you should
assume that it is applied perpendicular to the arm.




Example Problem

Bicycle Wheel

You are studying the rear wheel on your bicycle. It has a radius
of 35.6 cm and has a gear with radius of 4.00 cm. When the chain
is pulled with a force of 155 N, the wheel rim moves 14.0 cm.
The efficiency of this part of the bicycle is 95.0%.

a. What is the IMA of the wheel and gear?
b. What is the MA of the wheel and gear?

c. What is the resistance force?

d. How far was the chain pulled to move the rim that amount?

Sketch the Problem

e Diagram the wheel and axle.
e Add the force vectors and distance vectors.

Calculate Your Answer

Known: Strategy: Calculations:
r,=4.00 cm a. For a wheel and axle IMA = e
_ machine, IMA is represented T
.= 35.6 cm . - r
by the ratio of radii.
Fo=155N [MA:4'OO—sz()112
e=95.0% 35.6cm
d;=14.0 cm b. Use efficiency ratio to e =——X 100
obtain MA. IMA
Unknown: MA = (e/100) X IMA
IMA =2 MA = (95.0%/100) X 0.112
MA =1 = 0.106
F =2 c. Use MA equation to find force. = (MA)(F,)
d,=1 = (0.106)(155 N) = 16.4 N

Check Your Answer

d. Use IMA equation to find
distance.

FI'
Fl'
d, = (IMA)(d,)
d, = (0.112)(14.0 cm) = 1.57 cm

e Are the units correct? Perform the algebra with the units to
confirm that the answer’s units are correct.

e Does the sign make sense? All answers should be positive.

e Is the magnitude realistic? a. Expect a low IMA for a bicycle
because you want to trade greater F, for a greater d.. b. MA is
always smaller than IMA. c. Expect low F because MA is low.
d. Expect d, to be very small: Small distance of the axle results
in a large distance of the wheel.
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A NOt'SO' On a multigear bike, the rider can change the mechanical advantage
Sim Ie of the machine by choosing the size of one or both sprockets. When

p h accelerating or climbing a hill, the rider increases the ideal mechani-
MaChlne cal advantage to increase the force the wheel exerts on the road. Look-
ing at the IMA equation on page 236, to increase the IMA, the rider
needs to make the rear sprocket radius large compared to the front

PRSP EPTI RPN

> Answers question from
page 222.

Practice Problems

Rl s 2 o I TR

14. A worker uses a pulley system to raise a 24.0 kg carton 16.5 m.
A force of 129 N is exerted and the rope is pulled 33.0 m.

a. What is the mechanical advantage of the pulley system?
b. What is the efficiency of the system?

15. A boy exerts a force of 225 N on a lever to raise a 1.25 X 103-N
rock a distance of 13 cm. If the efficiency of the lever is 88.7%,
how far did the boy move his end of the lever?

16. If the gear radius in the bicycle in the Example Problem is dou-
bled, while the force exerted on the chain and the distance the
wheel rim moves remain the same, what quantities change, and
by how much?

The Human Walking Machine

Movement of the human body is explained by the same principles of
force and work that describe all motion. Simple machines, in the form

FIGURE 10-12 The human

walking machine. of levers, give us the ability to walk and run. Lever systems of the body
are complex, but each system has four basic parts: (1) a rigid bar (bone),

BIOI.O GY (2) a source of force (muscle contraction), (3) a fulcrum or pivot

( o N N E (T|0 N (movable joints between bones), and (4) a resistance (the weight of the

> body or an object being lifted or moved), as shown in Figure 10-12.

Lever systems of the body are not very efficient, and mechanical advan-
tages are low. This is why walking and jogging require energy (burn calo-
ries) and help individuals lose weight.
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When a person walks, the hip acts as a fulcrum and moves through
the arc of a circle centered on the foot. The center of mass of the body
moves as a resistance around the fulcrum in the same arc. The length of
the radius of the circle is the length of the lever formed by the bones of
the leg. Athletes in walking races increase their velocity by swinging their
hips upward to increase this radius.

A tall person has lever systems with less mechanical advantage than a
short person does. Although tall people can usually walk faster than
short people can, a tall person must apply a greater force to move the
longer lever formed by the leg bones. Walking races are usually 20 or
50 km long. Because of the inefficiency of their lever systems and the
length of a walking race, very tall people rarely have the stamina to win.

|0.2 Section Review

1. Many hand tools are simple machines.

3.

Classify the tools below as levers, wheel
and axles, inclined planes, wedges,
or pulleys.

a. screwdriver
b. pliers

c. chisel

d. nail puller
e. wrench

If you increase the efficiency of a
simple machine, does the

a. MA increase, decrease, or remain
the same?

b. IMA increase, decrease, or remain
the same?

A worker exerts a force of 20 N on
a machine with IMA = 2.0, moving
it 10 cm.

a. Draw a graph of the force as a
function of distance. Shade in the
area representing the work done by
this force and calculate the amount
of work done.

. On the same graph, draw the force

supplied by the machine as a func-
tion of resistance distance. Shade
in the area representing the work
done by the machine. Calculate
this work and compare to your
answer above.

. Critical Thinking The mechanical

advantage of a multigear bike is
changed by moving the chain to a
suitable back sprocket.

a.

To start out, you must accelerate
the bike, so you want to have the
bike exert the greatest possible
force. Should you choose a small
or large sprocket?

. As you reach your traveling speed,

you want to rotate the pedals as
few times as possible. Should you
choose a small or large sprocket?

. Many bikes also let you choose the

size of the front sprocket. If you want
even more force to accelerate while
climbing a hill, would you move to
a larger or smaller front sprocket?

10.2 Machines
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Zippers

The 1893 World’s Columbian Exposition introduced the first patented clasp
locker to the public. Whitcomb Judson, a mechanical engineer, had devised a
series of hooks and eyes that opened and closed when a slide clasp passed over
them. His idea sprung from the desire to replace the button-hooked shoelaces of
the 1890s and decrease the amount of time and energy required to close the
high boots of the time.

Two decades later, the modern zipper (and its name) emerged from the
workbench of B. E Goodrich. Originally, Goodrich’s device was confined to
boots. Today, however, the zipper is an integral part of garments, handbags,
tents, backpacks, boots, and many other items.

@ Most zippers consist of a slide and two rows of interlocking metal or plastic
teeth. In some zippers, intermeshing spirals replace the teeth. Some sort of
tab or pull is usually attached to the slide.

@ Wedges are at the heart of the As a zipper closes, an
operation of all zippers. The upward force acts on Socket
wedges change the direction of the wedges at either
the force applied to the zipper. side of the lower part Tooth
of the slide. As a
@ As a zipper opens, a downward force result of this force,
acts on the wedge in the upper part the zipper’s teeth are
of the slide. As a result of this force, pushed into sockets, Tab

the wedge forces
the teeth apart.

one after the other. In
some plastic zippers,
two spirals mesh as
the zipper slide passes
over them.

Force pushes
teeth into sockets

Thinking Critically

1. Classify the zipper as zipper from opening

either a simple or com- unintentionally?
Force pushes pound machine. Justify 3 what role does the tab
teeth apart your answer. on a zipper’s slide play?

2. Look closely at a zipper
slide. What prevents a
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CHAPTER

Key Terms

10.1

- energy

- kinetic energy
» work

« work-energy
theorem

- joule

- power

e watt

10.2

- machine

- effort force

- resistance
force

» mechanical
advantage

- ideal mechan-
ical advantage

- efficiency

e compound
machine

() review

Summary

10.1 Energy and Work

e Work is the transfer of energy by means
of forces. The work done on the system
is equal to the change in energy of
the system.

e Work is the product of the force exerted
on an object and the distance the object
moves in the direction of the force.

e The area under the force-displacement
graph is work.

e Power is the rate of doing work. That
is, power is the rate at which energy
is transferred.

10.2 Machines *. Ny

e Machines, whether
powered by engines or humans, do not
change work, but make it easier.

e A machine eases the load either by
changing the magnitude or the direc-
tion of the force exerted to do work.

e The mechanical advantage, MA, is the
ratio of resistance force to effort force.

e The ideal mechanical advantage, IMA,
is the ratio of the distances. In all real
machines, MA is less than IMA.

Key Equations

10.1 ...................... 10.2 ...................................
F . w
K=1/2m* W = Fd cos 6 MA = - efficiency (%) = —2 X 100
F, W,
w d MA
W = Fd P=— IMA = =& efficiency (%) = —— X 100
t d. IMA
AK =W

Reviewing Concepts
Section 10.1

1. In what units is work measured?

2. A satellite revolves around Earth in a
circular orbit. Does Earth’s gravity do
any work on the satellite?

3. An object slides at constant speed on
a frictionless surface. What forces act
on the object? What work is done by
each force?

4. Define work and power.

5. What is a watt equivalent to in terms
of kg, m, and s?

Section 10.2

6. Is it possible to get more work out of
a machine than you put in?

7. How are the pedals of a bicycle a
simple machine?

Applying Concepts
8. Which requires more work, carrying a
420-N knapsack up a 200-m hill or
carrying a 210-N knapsack up a

400-m hill? Why?

9. You slowly lift a box of books from
the floor and put it on a table. Earth’s
gravity exerts a force, magnitude mg,
downward, and you exert a force,
magnitude mg, upward. The two
forces have equal magnitudes and
opposite directions. It appears that no
work is done, but you know you did
work. Explain what work is done.
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10. Grace has an after-school job carrying cartons
of new copy paper up a flight of stairs, and
then carrying recycled paper back down the
stairs. The mass of the paper does not change.
Grace's physics teacher suggests that Grace does
no work all day, so she should not be paid. In
what sense is the physics teacher correct? What
arrangement of payments might Grace make to
ensure compensation?

11. Grace now carries the copy paper
boxes down a level, 15-m-long hall.

Is Grace working now? Explain.

12. Two people of the same mass climb the same
flight of stairs. The first person climbs the stairs
in 25 s; the second person does so in 35 s.

a. Which person does more work? Explain
your answer

b. Which person produces more power?
Explain your answer.

13. Show that power delivered can be written
as P = Fv.

14. Guy has to get a piano onto a 2.0-m-high
platform. He can use a 3.0-m-long frictionless
ramp or a 4.0-m-long frictionless ramp. Which
ramp will Guy use if he wants to do the least
amount of work?

15. How could you increase the ideal mechanical
advantage of a machine?

16. A claw hammer is used to pull a nail from a
piece of wood. How can you place your hand
on the handle and locate the nail in the claw
to make the effort force as small as possible?

17. How could you increase the mechanical advan-
tage of a wedge without changing the ideal
mechanical advantage?

18. Explain why a planet orbiting the sun does not
violate the work-energy theorem.

Problems

Section 10.1

19. Lee pushes a 20-kg mass 10 m across a floor
with a horizontal force of 80 N. Calculate the
amount of work Lee does.

20. The third floor of a house is 8 m above street
level. How much work is needed to move a
150-kg refrigerator to the third floor?

21. Stan does 176 ] of work lifting himself
0.300 m. What is Stan’s mass?
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22.

23.

24.

25.

26.

27.

28.

29.

Mike pulls a 4.5-kg sled across level snow with a

force of 225 N along a rope that is 35.0° above

the horizontal. If the sled moves a distance of

65.3 m, how much work does Mike do?

Sau-Lan has a mass of 52 kg. She rides the up

escalator at Ocean Park in Hong Kong. This is

the world’s longest escalator, with a length of

227 m and an average inclination of 31°. How

much work does the escalator do on Sau-Lan?

Chris carries a carton of milk, weight 10 N,

along a level hall to the kitchen, a distance of

3.5 m. How much work does Chris do?

A student librarian picks up a 2.2-kg book from

the floor to a height of 1.25 m. He carries the

book 8.0 m to the stacks and places the book

on a shelf that is 0.35 m above the floor. How

much work does he do on the book?

Brutus, a champion weightlifter, raises 240 kg

of weights a distance of 2.35 m.

a. How much work is done by Brutus lifting
the weights?

b. How much work is done by Brutus holding
the weights above his head?

c¢. How much work is done by Brutus lowering
them back to the ground?

d. Does Brutus do work if he lets go of the
weights and they fall back to the ground?

e. If Brutus completes the lift in 2.5 s, how
much power is developed?

A force of 300.0 N is used to push a 145-kg mass

30.0 m horizontally in 3.00 s.

a. Calculate the work done on the mass.

b. Calculate the power developed.

Robin pushes a wheelbarrow by exerting a

145-N force horizontally. Robin moves it

60.0 m at a constant speed for 25.0 s.

a. What power does Robin develop?

b. If Robin moves the wheelbarrow twice as
fast, how much power is developed?

A horizontal force of 805 N is needed to drag a

crate across a horizontal floor with a constant

speed. You drag the crate using a rope held at

an angle of 32°.

a. What force do you exert on the rope?

b. How much work do you do on the crate
when moving it 22 m?

c. If you complete the job in 8.0 s, what power
is developed?
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30.

31.

32.

33.

34.

Force (N)

Wayne pulls a 305-N sled along a snowy path
using a rope that makes a 45.0° angle with the
ground. Wayne pulls with a force of 42.3 N.
The sled moves 16 m in 3.0 s. What power does
Wayne produce?

A lawn roller is pushed across a lawn by a force

of 115 N along the direction of the handle,

which is 22.5° above the horizontal. If you
develop 64.6 W of power for 90.0 s, what
distance is the roller pushed?

A crane lifts a 3.50 X 103-N bucket containing

1.15 m3 of soil (density = 2.00 X 103 kg/m?3) to

a height of 7.50 m. Calculate the work the crane

performs. Disregard the weight of the cable.

In Figure 10-13, the magnitude of the force

necessary to stretch a spring is plotted against

the distance the spring is stretched.

a. Calculate the slope of the graph and show
that F = kd, where k = 25 N/m.

b. Find the amount of work done in stretching
the spring from 0.00 m to 0.20 m by
calculating the area under the curve from
0.00 m to 0.20 m.

c. Show that the answer to part b can be
calculated using the formula W = 1/2kd?,
where W is the work, k = 25 N/m (the
slope of the graph), and 4 is the distance
the spring is stretched (0.20 m).

The graph in Figure 10-13 shows the force

needed to stretch a spring. Find the work

needed to stretch it from 0.12 m to 0.28 m.

8.0

6.0

4.0

2.0

okl

0 0.10 0.20

Elongation (m)

0.30

FIGURE 10-13

35.

John pushes a crate across the floor of a factory
with a horizontal force. The roughness of the
floor changes, and John must exert a force of

36.

37.

38.

39.

40.

41.

20 N for 5 m, then 35 N for 12 m, and then

10 N for 8 m.

a. Draw a graph of force as a function of
distance.

b. Find the work John does pushing the crate.

Sally expends 11 400 ] of energy to drag a

wooden crate 25.0 m across a floor with a con-

stant speed. The rope makes an angle of 48.0°
with the horizontal.

a. How much force does the rope exert on
the crate?

b. What is the force of friction acting on the
crate to impede its motion?

c. What work is done by the floor through the
force of friction between the floor and the crate?

An 845-N sled is pulled a distance of 185 m.

The task requires 1.20 X 10* J of work and is

done by pulling on a rope with a force of

125 N. At what angle is the rope held?

You slide a crate up a ramp at an angle of 30.0°

by exerting a 225-N force parallel to the ramp.

The crate moves at constant speed. The coeffi-

cient of friction is 0.28. How much work have

you done on the crate when it is raised a verti-

cal distance of 1.15 m?

A 4.2-kN piano is to be slid up a 3.5-m fric-

tionless plank at a constant speed. The plank

makes an angle of 30.0° with the horizontal.

Calculate the work done by the person sliding

the piano up the plank.

Rico slides a 60-kg crate up an inclined ramp

2.0-m long onto a platform 1.0 m above floor

level. A 400-N force, parallel to the ramp, is

needed to slide the crate up the ramp at a con-
stant speed.

a. How much work does Rico do in sliding the
crate up the ramp?

b. How much work would be done if Rico sim-
ply lifted the crate straight up from the floor
to the platform?

A worker pushes a crate weighing 93 N up an

inclined plane. The worker pushes the crate

horizontally, parallel to the ground, as illus-

trated in Figure 10-14.

a. The worker exerts a force of 85 N. How
much work does he do?

b. How much work is done by gravity? (Be
careful with the signs you use.)
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c. The coefficient of friction is u = 0.20. How
much work is done by friction? (Be careful
with the signs you use.)

1 4.0m
93 N
42. The graph in Figure 10-15 shows the force and
displacement of an object being pulled.
a. Calculate the work done to pull the object
7.0 m.

b. Calculate the power developed if the work
were done in 2.0 s.

FIGURE 10-14

Force versus Displacement

60.0
Z 40.0
S /
€ 200
o/
0 1.0 20 3.0 40 50 60 7.0 80
FIGURE 10-15 Displacement (m)

43. In 35.0 s, a pump delivers 0.550 m3 of oil into
barrels on a platform 25.0 m above the pump
intake pipe. The density of the oil is 0.820 g/cm3.
a. Calculate the work done by the pump.

b. Calculate the power produced by the pump.
44. A 12.0-m-long conveyor belt, inclined at 30.0°,
is used to transport bundles of newspapers

from the mailroom up to the cargo bay to be
loaded on to delivery trucks. Each newspaper
has a mass of 1.0 kg, and there are 25 newspa-
pers per bundle. Determine the power of the
conveyor if it delivers 15 bundles per minute.

45. An engine moves a boat through the water at a
constant speed of 15 m/s. The engine must
exert a force of 6.0 X 103 N to balance the
force that water exerts against the hull. What
power does the engine develop?

46. A 188-W motor will lift a load at the rate
(speed) of 6.50 cm/s. How great a load can the
motor lift at this rate?
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47. A car is driven at a constant speed of 76 km/h
down a road. The car’s engine delivers 48 kW
of power. Calculate the average force that is
resisting the motion of the car.

Section 10.2

48. Stan raises a 1200-N piano a distance of 5.00 m
using a set of pulleys. Stan pulls in 20.0 m of rope.
a. How much effort force would Stan apply if

this were an ideal machine?

b. What force is used to balance the friction
force if the actual effort is 340 N?

¢. What is the work output?

d. What is the input work?

e. What is the mechanical advantage?

49. A mover’s dolly is used to transport a refrigera-
tor up a ramp into a house. The refrigerator has
a mass of 115 kg. The ramp is 2.10 m long and
rises 0.850 m. The mover pulls the dolly with a
force of 496 N up the ramp. The dolly and
ramp constitute a machine.

a. What work does the mover do?

b. What is the work done on the refrigerator by
the machine?

c. What is the efficiency of the machine?

50. A pulley system lifts a 1345-N weight a distance
of 0.975 m. Paul pulls the rope a distance of
3.90 m, exerting a force of 375 N.

a. What is the ideal mechanical advantage of
the system?

b. What is the mechanical advantage?

c. How efficient is the system?

51. Because there is very little friction, the lever is
an extremely efficient simple machine. Using
a 90.0% efficient lever, what input work is
required to lift an 18.0-kg mass through a
distance of 0.50 m?

52. What work is required to lift a 215-kg mass a
distance of 5.65 m using a machine that is
72.5% efficient?

53. The ramp in Figure 10-16 is 18 m long and
4.5 m high.

a. What force parallel to the ramp (F,) is
required to slide a 25-kg box at constant
speed to the top of the ramp if friction is
disregarded?

b. What is the IMA of the ramp?
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c. What are the real MA and the efficiency a. Calculate the average power produced for
of the ramp if a parallel force of 75 N is that first second.
actually required? b. What is the maximum power the sprinter
Fa now generates?
m 3
v “*m  Going Further
Task Analysis You work at a store carrying boxes
r 1 to a storage loft, 12 m above the ground. You have
FIGURE 10-16 9 30 boxes with a total mass of 150 kg that must be

moved as quickly as possible, so you consider carry-
ing more than one up at a time. If you try to move

constant speed does the crane lift a too'many at orflce, you know you'll go VernylOle’
410-kg crate of machine parts if the power sup- resting ofFen. I you carry only one, most of the
plied to the motor is 5.5 kW? energy Wlll go into raising your own body. The
power (in watts) that your body can develop over a

long time depends on the mass you carry as shown
in Figure 10-17. This is an example of a power curve

54. A motor having an efficiency of 88% operates a
crane having an efficiency of 42%. With what

55. A compound machine is constructed by attaching
a lever to a pulley system. Consider an ideal com-
pound machine consisting of a lever with an IMA

of 3.0 and a pulley system with an IMA of 2.0. that applies to machines as well as people. Find the

a. Show that the IMA of this compound number of boxes to carry on each trip that would
machine is 6.0. minimize the time required. What time would you

b. If the compound machine is 60.0% efficient, ~ Spend doing the job? (Ignore the time needed to go
how much effort must be applied to the back down the stairs, lift and lower each box, etc.)

lever to lift a 540-N box?

. Power versus Mass
¢. If you move the effort side of the lever wer versu

12.0 cm, how far is the box lifted?
s / N,
. LN
Extra Practice For more % / \
practice solving problems, go = 10 / \
to Extra Practice Problems, \
s 0
Appendix B. 0 10 20 30
FIGURE 10-17 Mass (kg)
Criticul T'hinking Problems Critical Thinking Describe how simple machines
56. A sprinter, mass 75 kg, runs the 50-meter dash 1mPaCt an.d shz?pe future careers. Evaluate tl_le impact
in 8.50 s. Assume that the sprinter’s accelera- of !mproving mmplg and compound machines on
tion is constant throughout the race. society and the environment.

a. What is the average power of the sprinter
over the 50.0 m?

b. What is the maximum power generated by “ W

the sprinter? PH%’ N >
c. Make a quantitative graph of power versus Ine——g

time for the entire race.

57. A sprinter in problem 56 runs the 50-meter dash
in the same time, 8.50 s. However, this time the
sprinter accelerates in the first second and runs
the rest of the race at a constant velocity.

<«

To review content, do the
interactive quizzes on the
Glencoe Science Web site at
science.glencoe.com

Chapter 10 Review 245

" CONTENTS y


http://science.glencoe.com

	Physics: Principles and Problems
	Contents in Brief 
	Table of Contents
	Chapter 1: What is physics?
	Physics: The Search for Understanding
	Pocket Lab: Falling
	Physics & Society: Research Dollars
	Help Wanted: NASA Research
	Physics Lab: Egg Drop Project

	Chapter 1 Review

	Chapter 2: A Mathematical Toolkit
	Section 2.1: The Measures of Science
	History Connection
	Pocket Lab: How good is your eye?
	Using a Calculator: Scientific Notation

	Section 2.2: Measurement Uncertainties
	Help Wanted: Actuary

	Section 2.3: Visualizing Data
	Pocket Lab: How far around?
	Design Your Own Physics Lab: Mystery Plot
	How It Works: Electronic Calculators

	Chapter 2 Review

	Chapter 3: Describing Motion
	Section 3.1: Picturing Motion
	Help Wanted: Auto Mechanic

	Section 3.2: Where and When?
	Pocket Lab: Rolling Along
	How It Works: Speedometers

	Section 3.3: Velocity and Acceleration
	Pocket Lab: Swinging
	Earth Science Connection
	Design Your Own Physics Lab: Notion of Motion

	Chapter 3 Review

	Chapter 4: Vector Addition
	Section 4.1: Properties of Vectors
	Using a Calculator: Law of Cosines
	Help Wanted: Surveyor
	Physics Lab: The Paper River
	Physics & Society: Assessing Risk

	Section 4.2: Components of Vectors
	Pocket Lab: Ladybug

	Chapter 4 Review

	Chapter 5: A Mathematical Model of Motion
	Section 5.1: Graphing Motion in One Dimension
	Pocket Lab: Uniform or Not?
	Earth Science Connection

	Section 5.2: Graphing Velocity in One Dimension
	Pocket Lab: A Ball Race
	Pocket Lab: Bowling Ball Displacement

	Section 5.3: Acceleration
	Physics & Technology: The Zero Gravity Trainer
	Help Wanted: Air-Traffic Controller
	Pocket Lab: Direction of Acceleraction
	Design Your Own Physics Lab: Ball and Car Race

	Section 5.4: Free Fall
	Chapter 5 Review

	Chapter 6: Forces
	Section 6.1: Force and Motion
	Pocket Lab: How far is forever?
	Help Wanted: Physics Teacher
	Pocket Lab: Tug-of-War Challenge

	Section 6.2: Using Newton's Laws
	Pocket Lab: Friction depends on what?
	Earth Science Connection
	Pocket Lab: Upside-Down Parachute
	Physics Lab: The Elevator Ride

	Section 6.3: Interaction Forces
	Pocket Lab: Stopping Forces
	How It Works: Piano

	Chapter 6 Review

	Chapter 7: Forces and Motion in Two Dimensions
	Section 7.1: Forces in Two Dimensions
	Section 7.2: Projectile Motion
	Pocket Lab: Over the Edge
	Biology Connection
	Pocket Lab: Where the Ball Bounces
	Design Your Own Physics Lab: The Softball Throw

	Section 7.3: Circular Motion
	Pocket Lab: Target Practice
	Help Wanted: Civil Engineer
	Pocket Lab: Falling Sideways
	Physics & Technology: Looping Roller Coasters

	Chapter 7 Review

	Chapter 8: Universal Gravitation
	Section 8.1: Motion in the Heavens and on Earth
	Pocket Lab: Strange Orbit
	Physics & Technology: Global Positioning Systems
	Physics Lab: The Orbit
	Using a Calculator: Cube Root

	Section 8.2: Using the Law of Universal Gravitation
	Help Wanted: Pilot
	Pocket Lab: Weight in a Free Fall
	Pocket Lab: Water, Water, Everywhere

	Chapter 8 Review

	Chapter 9: Momentum and Its Conservation 
	Section 9.1: Impulse and Momentum
	Physics & Technology: High-Tech Tennis Rackets
	Pocket Lab: Cart Momentum

	Section 9.2: The Conservation of Momentum
	Pocket Lab: Skateboard Fun
	Using a Calculator: Using Parentheses
	Physics Lab: The Explosion
	Help Wanted: Paramedic Trainee

	Chapter 9 Review

	Chapter 10: Energy, Work, and Simple Machines
	Section 10.1: Energy and Work
	Pocket Lab: Working Out
	Pocket Lab: An Inclined Mass
	Design Your Own Physics Lab: Your Power

	Section 10.2: Machines
	Help Wanted: Chiropractor
	Pocket Lab: Wheel and Axle
	How It Works: Zippers

	Chapter 10 Review

	Chapter 11: Energy
	Section 11.1: The Many Forms of Energy
	Pocket Lab: Energy in Coins
	Help Wanted: Lock-and-Dam Construction Engineers
	Design Your Own Physics Lab: Down the Ramp

	Section 11.2: Conservation of Energy
	Pocket Lab: Energy Exchange
	Earth Science Connection
	Physics & Society: Energy from Tides

	Chapter 11 Review

	Chapter 12: Thermal Energy
	Section 12.1: Temperature and Thermal Energy
	Physics Lab: Heating Up
	Pocket Lab: Melting

	Section 12.2: Change of State and Laws of Thermodynamics
	Help Wanted: HVAC Technician
	Pocket Lab: Cool Times
	Chemistry Connection
	Physics & Technology: Infrared Detectors
	Pocket Lab: Drip, Drip, Drip

	Chapter 12 Review

	Chapter 13: States of Matter
	Section 13.1: The Fluid States
	Pocket Lab: Foot Pressure
	Physics Lab: Float or Sink?
	Pocket Lab: Floating?
	Chemistry Connection

	Section 13.2: The Solid State
	Physics & Technology: Aerogels
	Pocket Lab: Jumpers
	Help Wanted: Materials Engineer

	Chapter 13 Review

	Chapter 14: Waves and Energy Transfer
	Section 14.1: Wave Properties
	Design Your Own Physics Lab: Waves on a Coiled Spring
	Help Wanted: Geologist
	Physics & Society: Predicting Earthquakes
	Earth Science Connection

	Section 14.2: Wave Behavior
	Pocket Lab: Wave Reflections
	Pocket Lab: Wave Interaction
	Pocket Lab: Bent Out of Shape

	Chapter 14 Review

	Chapter 15: Sound
	Section 15.1: Properties of Sound
	Help Wanted: Audiologist
	Physics & Society: You Can Take It With You!

	Section 15.2: The Physics of Music
	Pocket Lab: Sound Off
	Physics Lab: Speed of Sound
	Biology Connection
	Pocket Lab: Ring, Ring

	Chapter 15 Review

	Chapter 16: Light
	Section 16.1: Light Fundamentals
	Help Wanted: Photographer
	Physics Lab: Light Ray Paths
	Physics & Technology: Digital Versatile Discs
	Pocket Lab: An Illuminating Matter

	Section 16.2: Light and Matter
	Pocket Lab: Hot and Cool Colors
	Pocket Lab: Soap Solutions
	Pocket Lab: Light Polarization

	Chapter 16 Review

	Chapter 17: Reflection and Refraction
	Section 17.1: How Light Behaves at a Boundary
	Pocket Lab: Reflections
	Physics Lab: Bending of Light
	Pocket Lab: Refraction
	Help Wanted: Optometrist

	Section 17.2: Applications of Reflected and Refracted Light
	Pocket Lab: Cool Images
	How It Works: Optical Fibers
	Pocket Lab: Personal Rainbow

	Chapter 17 Review

	Chapter 18: Mirrors and Lenses
	Section 18.1: Mirrors
	Pocket Lab: Where's the image?
	Pocket Lab: Real or Virtual?
	Pocket Lab: Focal Points
	Pocket Lab: Makeup
	Help Wanted: Optician
	Pocket Lab: Burned Up
	Physics & Technology: The Hubble Space Telescope

	Section 18.2: Lenses
	Pocket Lab: Fish-Eye Lens
	Physics Lab: Seeing Is Believing
	Pocket Lab: Bright Ideas

	Chapter 18 Review

	Chapter 19: Diffraction and Interference of Light
	Section 19.1: When Light Waves Interfere
	Physics Lab: Wavelengths of Colors
	Pocket Lab: Hot Lights
	Pocket Lab: Laser Spots

	Section 19.2: Applications of Diffraction
	How It Works: Holograms
	Help Wanted: Spectroscopist
	Pocket Lab: Lights in the Night

	Chapter 19 Review

	Chapter 20: Static Electricity
	Section 20.1: Electrical Charge
	Help Wanted: Office Equipment Technician
	Physics Lab: What's the charge?

	Section 20.2: Electrical Force
	Pocket Lab: Charged Up
	Pocket Lab: Reach Out
	How It Works: Laser Printers

	Chapter 20 Review

	Chapter 21: Electric Fields
	Section 21.1: Creating and Measuring Electric Fields
	Pocket Lab: Electric Fields
	Physics & Society: Computers for People with Disabilities

	Section 21.2: Applications of Electric Fields
	Help Wanted: Vending Machine Repairers
	Biology Connection
	Physics Lab: Charges, Energy, and Voltage

	Chapter 21 Review

	Chapter 22: Current Electricity
	Section 22.1: Current and Circuits
	Help Wanted: Welder
	Pocket Lab: Lighting Up
	Biology Connection
	Pocket Lab: Running Out
	Physics Lab: Mystery Cans
	Physics & Technology: Digital Systems

	Section 22.2: Using Electric Energy
	Pocket Lab: Appliances
	Pocket Lab: Heating Up

	Chapter 22 Review

	Chapter 23: Series and Parallel Circuits
	Section 23.1: Simple Circuits
	Pocket Lab: Series Resistance
	Using a Calculator: The Inverse Key
	Pocket Lab: Parallel Resistance

	Section 23.2: Applications of Circuits
	Help Wanted: Electrician
	Design Your Own Physics Lab: Circuits
	Pocket Lab: Ammeter Resistance
	How It Works: Electric Switch

	Chapter 23 Review

	Chapter 24: Magnetic Fields
	Section 24.1: Magnets: Permanent and Temporary
	Pocket Lab: Monopoles?
	Pocket Lab: Funny Balls
	Design Your Own Physics Lab: Coils and Currents
	Pocket Lab: 3-D Magnetic Fields
	How It Works: Computer Storage Disks

	Section 24.2: Forces Caused by Magnetic Fields
	Help Wanted: Meteorologist

	Chapter 24 Review

	Chapter 25: Electromagnetic Induction
	Section 25.1: Creating Electric Current from Changing Magnetic Fields
	History Connection
	Pocket Lab: Making Currents
	Physics & Society: Electromagnetic Fields
	Pocket Lab: Motor and Generator
	Help Wanted: Power Plant Operations Trainee

	Section 25.2: Changing Magnetic Fields Induce EMF
	Pocket Lab: Slow Motor
	Pocket Lab: Slow Magnet
	Design Your Own Physics Lab: Swinging Coils

	Chapter 25 Review

	Chapter 26: Electromagnetism
	Section 26.1: Interaction Between Electric and Magnetic Fields and Matter
	Help Wanted: Broadcast Technician
	Pocket Lab: Rolling Along
	Physics Lab: Simulating a Mass Spectrometer

	Section 26.2: Electric and Magnetic Fields in Space
	Pocket Lab: Catching the Wave
	Pocket Lab: More Radio Stuff
	How It Works: Bar-Code Scanners

	Chapter 26 Review

	Chapter 27: Quantum Theory
	Section 27.1: Waves Behave Like Particles
	Pocket Lab: Glows in the Dark
	Help Wanted: Particle Physicist
	Pocket Lab: See the Light
	Physics Lab: Red Hot or Not?

	Section 27.2: Particles Behave Like Waves
	Physics & Technology: Say "Cheese"!

	Chapter 27 Review

	Chapter 28: The Atom
	Section 28.1: The Bohr Model of the Atom
	Pocket Lab: Nuclear Bouncing
	Physics Lab: Shots in the Dark

	Section 28.2: The Quantum Model of the Atom
	Pocket Lab: Bright Lines
	Pocket Lab: Laser Diffraction
	Help Wanted: Laser Technician
	Physics & Technology: All Aglow!

	Chapter 28 Review

	Chapter 29: Solid State Electronics
	Section 29.1: Conduction in Solids
	Help Wanted: Systems Analyst
	Pocket Lab: All Aboard!

	Section 29.2: Electronic Devices
	Pocket Lab: Red Light
	Physics & Society: A Revolution in Robots
	Physics Lab: The Stoplight

	Chapter 29 Review

	Chapter 30: The Nucleus
	Section 30.1: Radioactivity
	Help Wanted: Nuclear Engineer
	Pocket Lab: Background Radiation
	Physics Lab: Heads Up

	Section 30.2: The Building Blocks of Matter
	Pocket Lab: Follow the Tracks
	How It Works: Smoke Detectors

	Chapter 30 Review

	Chapter 31: Nuclear Applications
	Section 31.1: Holding the Nucleus Together
	Pocket Lab: Binding Energy
	Help Wanted: Radiologic Technologist

	Section 31.2: Using Nuclear Energy
	Physics Lab: Solar Power
	Pocket Lab: Power Plant
	Physics & Technology: Radioactive Tracers

	Chapter 31 Review

	Appendices
	Appendix A: Math Handbook
	I. Basic Math Calculations
	II. Algebra
	III. Geometry and Trigonometry

	Appendix B: Extra Practice Problems
	Appendix C: Solutions for Practice Problems
	Appendix D: Additional Topics in Physics
	Appendix E: Equations
	Appendix F: Tables
	Appendix G: Safety Symbols

	Glossary
	Index
	Photo Credits

	Feature Contents
	Physics Labs
	Pocket Labs
	Problem Solving Strategies
	Using A Calculator
	Physics & Society
	How It Works
	Physics & Technology
	Connections
	Help Wanted



	Help
	Internet Link
	Previous Document
	Search - Document
	Search - Full
	Page Navigator
	Exit



