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Work-and Pawer

What iIswork?

IS done when aforce causes an object
to move in the same direction that the force
isapplied. 4

 Maybe it would help to know that you do
work when you lift your books, turn a
doorknob, raise window blinds, or write
with a pen or pencil.
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Work-and Pawer

Work and Motion

 In order for you to do work, two things
must occur.

* First, you must apply aforce to an object.

» Second, the object must move in the same
direction as your applied force.
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Waork and/ Power

Work and Motion

Y ou do work on
an object only
when the object
moves as a
result of the
force you exert.
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Work-and Pawer

Applying Force and Doing Work

e To do work, an object
must move in the
direction aforceis

applied.

 Theboy'sarmsdo
work when they exert
an upward force on

the basket and the
basket moves upward.
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Work-and Pawer

Applying Force and Doing Work

e The boy’sarms till exert an g
upward force on the basket.

e But when the boy walks
forward, no work 1s done

by hisarms.
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Work-and Pawer

Forcein Two Directions

e Sometimes only part of the force you exert
moves an object.

e Think about
what happens

when you push
alawn mower.

e You push at
an angleto
the ground.
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Work-and Pawer

Forcein Two Directions

e Part of the forceisto theright and part of
the force is downward.

Only partofthe
forcethat Isin s g’

e N A T n AR
CER 1 et e L
T i i e

the same
direction asthe
motion of the
mower—to the
right—does
work.
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Work-and Pawer

Calculating Work

* \WWork can be calculated using the work
equation below.

(TT—
Wi

ork Equation

work (in joules) = force (in newtons) X distance (in meters)

W =Fd

e In Sl units, the unit for work isthe joule,
named for the nineteenth-century scientist
James Prescott Joule.
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Work-and Pawer

Work and Distance

e Suppose you give abook a push and it slides
across atable.

e To calculate the work you did, the distance

In the above eguation Is not the distance the
book moved.
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Work-and Pawer

Work and Distance

* Thedistance in the work equation isthe
distance an object moves while the force
IS being applied.

e S0 the distance in the work eguation is

the distance the book moved while you
were pushing.
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Work-and Pawer

What Is power ?

* \WWhat does it mean to be powerful? Imagine
two weightlifters lifting the same amount of
weight the same vertical distance.

e They both do the same amount of work.
However, the amount of power they use
depends on how long it took to do the work.
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Work-and Pawer

What Is power ?

IS how quickly work Is done. 4

* Theweightlifter who lifted the weight in
less time Is more powerful.
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Work-and Pawer

Calculating Power

* Power can be calculated by dividing the
amount of work done by the time needed to
do the work.

"Power Equation —
work (in joules)

ower (In watts) = — _
3 ( ) time (in seconds)
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Work-and Pawer

Calculating Power

* In Sl units, the unit of power Isthe watt, In
honor of James Watt, a nineteenth-century
British scientist, who invented a practical
version of the steam engine.
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Work-and Pawer

Work and Energy

* If you push achair and make it move, you
do work on the chair and change its energy.

* Recall that when something is moving it has
energy of motion, or kinetic energy.

e By making the chair move, you increase its
Kinetic energy.
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Work-and Pawer

Work and Energy

* You also change the energy of an object
when you do work and lift it higher.

By lifting an object, you do work and
INncrease its potential energy.
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Work-and Pawer

Power and Energy

e Because energy can never
be created or destroyed, If
the object gains energy then
you must |ose energy.

* \When you do work on an
object you transfer energy to
the object, and your energy
decreases.
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Work-and Pawer

Power and Energy

e The amount of work done is the amount
of energy transferred.

e S0 power is also equal to the amount of
energy transferred in a certain amount
of time.
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Work-and Pawer

Power and Energy

e Sometimes energy can be transferred even
when no work is done, such as when heat
flows from awarm to a cold object.

* Power isawaystherate at which energy Is
transferred, or the amount of energy
transferred divided by the time needed.
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o Section Check
Question 1

When a force causes motion to occur in the
same direction in which the force has been
applied, we say that has been done.

Answer

Work Is done when an object movesin the
same direction aforce is applied.
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o Question 2

Suppose you are waiting for atrain. While you
are standing on the platform, your arms are
becoming more and more tired from holding
your heavy suitcases. Are you doing work?
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o Answer

No, when you lifted the suitcases you were
doing work because you applied aforce and
moved an object. Holding the bags, although
tiring, 1sn’t considered work.
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o Question 3

In SI, the unit for work i1s the

A. Ampere
B. Joule
C. Newton
D. Waitt
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o Answer

The correct answer I1s B. The unit for work Is
the joule.
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Using Machines

What 1s a machine?
When you think

of a machine you
might think of a
device, such asa

car, with many
moving parts
powered by an
engine or an
electric motor.
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Using Machines

What 1s a machine?

e A machineis

simply adevice

that makes doing
work easier.

 Evenadoping
surface can be a
machine.
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Using Machines

M echanical Advantage

* Even though machines make work easier,
they don’t decrease the amount of work you
need to do.

* Instead, a machine changes the way in which
you do work.
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Using Machines

M echanical Advantage

e Theforcethat you apply on a machineisthe
. 4

* Thework you do on the machine is equal to
the input force times the distance over which
your force moves the machine.

e Thework that you do on the machine isthe
Input work.
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Using Machines

M echanical Advantage
e Theforce that the machine appliesisthe
.
 Thework that the machine doesisthe
output work.
* \When you use a machine, the output work

can never be greater than the input work.

Input work Output work
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Using Machines

M echanical Advantage

e \WWhat isthe advantage of using a machine?

* A machine makeswork easier by changing
the amount of force you need to exert, the
distance over which the force Is exerted, or
the direction in which you exert your force.
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Using Machines

Changing Force
« Some machines make doing work easier
by reducing the force you have to apply
to do work.
* Thistype of machine increases the input
force, so that the output force Is greater

than the input force.

Larger force
applied over a

Input force shorter distance

Increases
force
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Using Machines

Changing Force

 The number of times a machine increases the
Input force isthe of
the machine. 4
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Using Machines

Changing Force

e The mechanical advantage of amachineis
the ratio of the output force to the input force
and can be calculated from this equation:

Mechanical Advantage Equation

output force (in newtons)

mechanical advantage = — :
input force (in newtons)

MA — Fﬂut
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Using Machines

Changing Distance

e Some machines allow you to exert your force
over a shorter distance.

* |nthese machines, the output forceisless
than the input force.

Smaller force
applied over a
Input force longer distance
Increases
distance
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Using Machines

Changing Distance

* The mechanical advantage of this type of
machine Is |less than one because the output
forceislessthan the input force.

Smaller force
applied over a
Input force longer distance
Increases
distance
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Using Machines

Changing Direction

e Sometimes it iseasier to apply aforceina
certain direction.

e For example, it iseasier to pull down on a
rope than to pull up on It.

e Some machines enable you to change the
direction of the input force.
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Using Machines

Changing Direction
* In these machines neither the force nor the
distance is changed.

e The mechanical advantage of this type of
machine is equal to one because the output

forceis equal to the input force.

Force
applied over same
distance ina

Input force Changes different direction

— direction R rm—

of force
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Using Machines

Efficiency

* For areal machine, the output work done by
the machine is always less than the input
work that Is done on the machine.

* |In areal machine, thereisfriction as parts of
the machine move.
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Using Machines

Efficiency

 Friction converts some of the input work into
heat, so that the output work Is reduced.

e The of amachineistheratio of the
output work to the input work. 4
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Using Machines

Efficiency

e |f the amount of friction in the machineis
reduced, the efficiency of the machine
|NCreases.

" Efficiency Equation

output work (in joules)

efficiency (in percent) = T e O x 100%

Ot

eﬁ'ZW
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Using Machines
o Friction

e To help understand friction, imagine pushing
a heavy box up aramp.

* Asthe box beginsto move, the bottom surface
of the box slides across the top surface of the

ramp.

* Nether surface is perfectly smooth—each has
high spots and low spots.
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b MAC OSX
users

click here

to view.

Using an Inclined Plane

Force =300 N

.
1[ Ihrce=1,5n;: ——

@ CHAPTER RESOURCES




Using Machines
o Friction

e Asthetwo surfaces dlide past each other,
high spots on the two surfaces come In
contact.

» At these contact points, atoms and molecules
can bond together.

e This makes the contact points stick together.
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Using Machines
o Friction

* To keep the box moving, aforce must be
applied to break the bonds between the
contact points.

e Even after these bonds are broken and the
box moves, new bonds form as different
parts of the two surfaces come into contact.
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Using Machines

Friction and Efficiency

One way to reduce friction between two
surfaces isto add oll.

Oll fills the gaps between the surfaces,
and keeps many of the high spots from

making contact.

N— .y Surface
More of the ~
Input work then  |§ _ |

is converted to T Ve

output work by
the machine.

2
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° Section Check
Question 1

The force that you apply on amachineis
known asthe
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° Answer

he force that you apply is the input force.
he force the machine appliesis the output
force.
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° Question 2

There are three main advantages to using a
machine. In what three ways does a machine
make work easier?
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° Answer

A machine makes work easier by changing the
amount of force you need to exert, changing
the distance over which the force Is exerted,
and changing the direction in which you exert

the force.
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o Question 3

If the Input force 1s 1000 N and the output
forceis 10,000 N, what is the mechanical
advantage?

A. 1l

B. 10

C. 100
D. 1,000
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° Answer

Theanswer isB. MA =F out/ F In, therefore,
the answer 1s 10.
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Simple:Machines

What isa ssimple machine?

¢ A IS a machine that does
work with only one movement. 4

e The six smple machines are the inclined
plane, lever, wheel and axle, screw, wedge,
and pulley.
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Simple:Machines

What isa ssimple machine?

* A machine made up of acombination of
simple machinesiscalled a
.4

e A can opener
IS a compound
machine.
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Simple:Machines
o Inclined Plane

* To move limestone blocks weighing
more than 1,000 kg each, archaeol ogists
hypothesi ze that the Egyptians built
enormous ramps.

e A ramp isasimple machine known as an
Inclined plane.
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Simple:Machines

o | nclined Plane

e An Isaflat, sloped surface. 4

e Lessforceis needed to move an object from
one height to another using an inclined plane

than Is needed to lift the object.

* Astheinclined plane becomes longer, the
force needed to move the object becomes

smaller.
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Simple:Machines

Using Inclined Planes

* Imagine having to lift a box welghing
1,500 N to the back of atruck that is1 m
off the ground.

* You would haveto exert aforce of 1,500
N, the weight of the box, over adistance
of 1 m, which equals 1,500 J of work.
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Simple:Machines

Using Inclined Planes
* Now suppose that instead you use a 5-m-
long ramp.
e The amount of work you need to do does
not change.
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Simple:Machines

Using Inclined Planes

e You still need to do 1,500 J of work.
However, the distance over which you exert
your force becomes 5 m.

work
distance

Force =
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Simple:Machines

Using Inclined Planes

e If you do 1,500 Jof work by exerting a
force over 5 m, the forceisonly 300 N.

* Because you exert the input force over a
distance that is five times as long, you
can exert aforcethat isfive times|ess.
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Simple:Machines

Using Inclined Planes
* The mechanical advantage of an inclined
plane is the length of the inclined plane
divided by its height.
 Inthisexample, the ramp has a mechanical
advantage of 5.
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Simple:Machines
o Wedge

* Aninclined planethat movesiscalled a

. )

* A wedge can have one or two sloping sides.

* An axe and certain types of

doorstops are wedges.

e Just asfor an inclined plane,
the mechanical advantage of
awedge Increases as It

becomes longer and thinner.

2
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Simple:Machines

Wedgesin Your Body

* You have wedges in your body.
 Your front teeth are wedge shaped.

» A wedge changes the direction of the
applied effort force.
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Simple:Machines

Wedgesin Your Body

e Theteeth of meat eaters, or carnivores, are
more wedge shaped than the teeth of plant
eaters, or herbivores.

 Theteeth of
carnivores are used
to cut and rip meat,
while herbivores
teeth are used for
grinding plant
material.
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Simple:Machines

The Screw

e A IS an inclined plane wrapped around
acylinder or post. 4
The inclined plane on a screw forms the
screw threads.

Just like awedge

changes the direction of
the effort force applied
to It, ascrew also
changes the direction of
the applied force.
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Simple:Machines

The Screw

* \When you turn a screw, the force applied Is
changed by the threads to aforce that pulls
the screw into the material.

* The mechanical advantage of the screw isthe
length of the inclined plane wrapped around
the screw divided by the length of the screw.
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Simple:Machines
o L ever

Isany rigid rod or plank that pivots,
or rotates about apoint.

e The point about which the lever pivotsis

caled afulcrum.

@ “CHAPTER RESOURCES




Simple Machines
@ ...

* The mechanical advantage of alever is
found by dividing the distance from the
fulcrum to the input force by the distance
from the fulcrum to the output force.

Input Output
force force Mechanical _10cm _ 1
advantage “50¢m 5

10cm 50 cm

Input Output
| force force Mechanical 50cm _
_ advantage = i0cm” 2

50cm 10cm
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Simple:Machines
o L ever

* \WWhen the fulcrum is closer to the output
force than the input force, the mechanical
advantage Is greater than one.

e Leversaredivided into three classes
according to the position of the fulcrum with
respect to the input force and output force.
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Simple:Machines
o L ever

e Inafirst-classlever, the fulcrum is between
the input force and the output force.

e First-class levers multiply force or distance

depending on where the fulcrum is placed.
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Simple:Machines
o L ever

In a second-class lever, the output forceis
between the Iinput force and the fulcrum.

Second-class levers always multiply the

Input force but don’t change its direction.

2
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Simple:Machines
o L ever

e Inathird-classlever, the input forceis
between the output force and the fulcrum.

* For athird-class lever, the output force

IS less than the input force, but Isin the
same direction.
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Simple:Machines

Whedal and Axle

e A
consists of two circular
objects of different sizes
that are attached 1n such
away that they rotate
together. 4
Asyou can seeg, the
larger object isthe
wheel and the smaller
object isthe axle.
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Simple:Machines

Whedal and Axle

* The mechanical advantage of awheel
and axle 1s usually greater than one.

e Itisfound by dividing the radius of

the wheel by the radius of the axle.
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Simple:Machines

Using Wheelsand Axles

* |n some devices, the input force Is used to

turn the wheel and the output force is exerted
by the axle.

* Because the wheel islarger than the axle, the
mechanical advantage is greater than one.

» S0 the output force Is greater than the
Input force.
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Simple:Machines

Using Wheelsand Axles

* In other devices, the input force is applied
to turn the axle and the output force is
exerted by the whesl.

e Then the mechanical advantage isless than
one and the output force Is less than the
Input force.

o A fan and aferriswheel are examples of
this type of wheel and axle.
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Simple:Machines
o Pulley

 Toraiseasall, asallor pullsdown on arope.

* Therope uses asimple machine called a

pulley to change the direction of the
force needed.

e A consists of agrooved wheel with a
rope or cable wrapped over it. )
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Simple:Machines

Fixed Pulleys

e Some pulleys are attached
to a structure above your
head.

* \When you pull down on

the rope, you pull
something up.

@ “CHAPTER RESOURCES




Simple:Machines

Fixed Pulleys

* Thistype of pulley, called afixed pulley,
does not change the force you exert or the
distance over which you exert it.

 Instead, it changes the direction in which
you exert your force.

* The mechanical advantage of afixed
pulley is 1.
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Simple:Machines

Movable Pulleys

Another way to use a pulley
IS to attach It to the object
you are lifting.

Thistype of pulley, called a

movable pulley, allows you
to exert asmaller forceto
lift the object.

The mechanical advantage
of amovable pulley Is
aways 2.

2
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Simple:Machines

M ovable Pulleys -
* More often you will see Y
combinations of fixed and t

movable pulleys. Such a
combination is called a

pulley system.
The mechanical advantage

to the number of sections of
rope pulling up on the
ObJ eCt Pulley system

{rf
of apulley system Is equal _
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o Section Check
Question 1

A machine that does work with only one
movement is known as a

Answer

Simple machines do work with only one

movement. A pulley isan example of asimple
machine.
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o Question 2

Name the six simple machines.

Answer

Theinclined plane, lever, wheel and axle,
screw, wedge, and pulley are ssimple machines.
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o Question 3

As an inclined plane becomes longer, the force
needed to move an object over it becomes

@ “CHAPTER RESOURCES




o Answer

The force needed becomes smaller. Thisisthe
advantage of using aramp, whichis an
Inclined plane, instead of |lifting objects.
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End of Chapter Summary File
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