Science ch. 16

Machines



When Albert Einstein was 5 years old, his father showed
him a magnetic compass. Young Albert was fascinated
with it. No matter how he turned the compass, the needle
would point in the same direction. He wondered what kept
the needle pointing north. Einstein’s curiosity and constant

wondering would make him one of the greatest scientists
the world has ever known. -

Einstein was a genius. Like many geniuses, E

cinstein thought about
things in different ways. He was able fc come up with ideas that no

one had ever thought about before —and show them to be correct

One of these ideas was that matter and energy are interchangeable
In other words, matter can be changed intc i”‘?'] ,

changed into matter. His famous eq>
amount of mass can be changed into g } )ge amount

idea led to the yse of nuclear power

Einstein used math to exf
he developed a theory
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go as fast as the speed of light E

Experiment
in modern laboratories have showr

Einstein to be correct
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Qd You Are There! , .
You shield your eyes from the ‘\ &% ]‘1‘3‘\“&"? dO maChlneS

intense light coming from the 2 .

factory production line. Sparks : & 1 l ‘ N ]

are flying everywhere! You're / 4 _ G , 5 . ] e p p € O p e O rk ?
glad you are looking at this : | |

2 et . - \ oy 25 y : [
activity from a distance. The . B t ‘ In science, work means “using force to move an object a certain
machine is doing all the work : o/ - distance.” A machine is any device that helps people do work
in welding this part for a new :
car. How would this j ' . : ; -
M joviget | i . Measuring Work
one without machines? & y ¢ i
; > o3 What do you think of when you use the word work? Do you think of

cleaning your room or doing your homework? Do you think of jobs
that adults in your family do to make a living? In our everyday lives
all these examples seem to fit the definition of work.

In science. however, work means using force—pushing or pulling
in order to move an obiject a certain distance. No matter how muc h
force vou use, if something doesn’t move, you haven't done work

Suppose you want to move a piano from one room to another. A

team of movers could push the piano on its rollers across the floor

When they rolled the piano in its new position they could truly say

“We've done some work

though, you probably w ouldn’t t
wu couldn’t say, “I did work,” if the piano
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" If vou tried to move the piano by yoursell

se able to budge it. You might struqqle

-

-

strain. and sweat a lot but v

didn’t move
To find how much work 1S d(
force X distance

work = 1
the joule The abbreviation

e, use this formula

' pmm. |
Work is measured in a unit called

for joule is }
1 newton (N) > 1 meter (m)

yush on a box with a force of 200 newtons
1 m, or 200 |

1 joule (])

For example, suppose you | e
The box moves 1 metel The work done is 2(X
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\ ¥ Work and Machines

\
‘ Do you know what a machine is? Perhaps you imagine o
\ large, noisy object with many moving parts. Not all rﬁochnn,,\
\ are complicated, and many don’t have moving parts. In su;-r‘,
\ a machine is any device that helps people do work. A mmh"r;
can be quite simple. .

You probably don’t think of nail clippers or chopsticks as
machines, but they are simple machines. A simple machin
is a tool made up of one or two parts. Think about the way w;
use chopsticks. You hold them in the middle and squeeze the
ends together to grasp bits of food. You then move the food to
your mouth. Because you are using force to move something,
you are doing work—with help from the chopsticks.

The ki_nd of machine that most people think of when they
think of a machine is a compound machine. A compound
machine helps people do work too, but it has many parts. A
compognd machine contains one or more simple machines
among 1ts parts. You probably can think of many compound

machi ‘
Ines. Some, such as cars, trucks, and airplanes, have
thousands of parts.

These nail clippers
are a machine
that can do work.

How Machines Help

There j : _
Chopsticks help YOu.eErsel:ynr;)]t;:SignLn;%llc(:bout Whgt Q machine-can do for
you do work. you in some way. Recall ths Some kl.nd of tradeoff that helps
distance. Some machines dat work is equal to force times
task. A car etk o ex ecrease the force required to qo a '
Q machine, you Wou]d‘ ?"};ple_ If you tried to lift a car withou!
when you use q i jacit e able to supply enough force. But
Jack decreases the requi , the task becomes much easier. Th¢
over which the force(ilb Qrf)f)lf:;(e by increasing the distance )
Think o :
be able t((l»bf(())l::‘:‘:lllscullj](? 4 screw-top lid on a jar. A person migh'
hard with q fist. Howov(),m(_) the jar top by slamming citm"“ |
When you screw on th((lr', Screwing on the top is a lot easier
> 1id, you apply the force over more

. distance g«
R : as you tu
o ~ M and turn the lid, but you don't have

t »
O use as much force

A .

m:l:gelborrow Is a compound

p chine becauyse it is made up
severgl| simple machines.

¥5 \

Machines and Friction

In order for a machine to do its job, work must go into it. If you
supply a force—a push or a pull—on a machine, you are doing
work. Sometimes the work that goes Into a machine comes from
another energy source, such as a battery.

You might think that the amount of work that a machine
does is equal to the amount of work put into it. But the amount
of work done by a machine is less than the amount put into It
Why? The answer is friction.

You've probably noticed that often when you use a machine,
it gives off heat. The heat is produced as a result of the friction
between the moving parts of the machine. In general, the more
moving parts a machine has, the more work is lost to friction.

People who design machines try to make machines more
efficient by reducing the friction between the machine’s parts.
One way to do this is by using lubricants. Lubricants include
substances such as oil, wax, and grease

Another way to reduce friction 1s to use wheels, rollers, or balls.
The ball bearings placed in the wheels of inline skates reduce

friction. Using a lubricant would reduce friction even more.

V Lesson Checkpoint

1. How do machines make doing work easier?
2. @ Cause and Effect How does friction affect the work of

a machine?
move a board that is

5. [T sovpore you 1ol
row bar with a force

nailed to the floor. You pry down with a ¢
ood 0.5 meters. How

of 300 newtons. You move the piece of w
much work did you do? _r-“'
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Lesson 2

What are types of
simple machines?

There are six basic types of simple machines.
Each machine works in a unique way to help you do work.

Types of Simple Machines

If you study the parts of any compound machine, you will
find that it is made from two or more simple machines. The six

types of simple machines are the lever, inclined plane, wedge,
screw, wheel and axle, and pulley.

Lever

The objects pictured on these two pages have something in
common that helps make work easier Do you know what it
is? They all contain a simple machine called a lever. A lever is
made of one or more bars resting on a support. The support is
called the fulcrum.

The crowbar in the picture is q lever The curved part at the
bottom of the crowbar is the fulcrum The cinder block, which is
also called the load, is on one end of the bar. It applies a force
on the crowbar. A force is applied to the opposite end, which
lifts the load. This applied force is also called the effort force
When a person pushes on the crowbar to move something the:
force created by the Person pushing (the effort force) will b;- less

than the force applied to the load, but the effort force moves the
handle a greater distance than the load moves,

can be different, depending on the
If the fulcrum is closer to the load,
will be required to move the load,
the load will not be lifted qs high.
If the fulcrum is closer to the
effort force, more force will be
required, but the load wil] pe
lifted higher. In both examples
the trade off is between |
force and distance

type of lever.
less force
but

Key

Effort force

Fulcrum

Types of Levers

First-Class Lever

Can you find the fulcrum in this pair of pliers? It's in

the migdle between the 6’}(,"? torce and the load The

f";f)" torce the torce y Ol Jp{)'\ when you squeeze the
handles The load 1s the item you will grab with the “nose
end of the D'.P,"". A hirstclass lever such as p; ers has the

' ' ’ 8 1 = nndt 1he
effort force ot one end, the load at the other end, and Ihe

fulerum between them

Second-Class Lever

A second<lass lever, such as o nutcracker. has the ettort
force at one end, the fulcrum at the other end and the

The fulcrum of the nutcracker 1s ot the
The effort torce

load in the middle
closed end where the two bars connect
‘ apply when you squeeze the handles The

is the force you
load 15 the nut you want fc crock

Third-Class Lever | ot
Y bably don't think of crab claws as levers ~an you
wg r’\ ‘ ; ) - \"‘I
P ? It s the (oint thot connects the two halves

tind the tuicrum 4 .
th the crab arm ' ;
vh muecles in the middie of its Clow The

The effort torce 1s the torce

of the clow wi
the crab applies

~ ", ' >3
ol the crab pinches and grabs with he
such as the crab

e ale

load 15 the tashy

b e claw A thirg<class ievel
sharp ends ©

. A
m qt one end the load ot the ¢ 'hc' anc
claw, has the Tuicr .

ddle

ettort force in the m

w do hrstclass second-class

difter?
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This winding road on @ mountainside
is an inclined plane. Cars must

travel quite a distance to get to the
mountaintop, but they can go there
more easily than driving straight up.

The ship’s prow is o wedge. It

helps the ship move more easily
through the water.

460 |

Inclined Plane

Would you rather carry a heavy box up a flight
of stairs or use a ramp? A ramp is another type
of simple machine called the inclined plane. Ap
inclined plane is a slanted surface. A ramp makes
moving a load from a low place to a higher
place easier.

The inclined plane offers a trade off between
distance and force. You can see in the diagrams
that moving a load up a ramp takes less force
than lifting it straight up. But the load travels

farther up the ramp. In both cases, you do the
same amount of work.

Which part of the
wheel and axle

moves the greater
distance?

The Wedge

Not all inclined planes are as simple as a ramp.
The left picture on the bottom of the page shows
the part of a ship called the prow. The prow is a
wedge. A wedge is a simple machine made of one
or two inclined planes. The slanted edges of the
inclined planes come to a point. To do its work,
the wedge must be moving. A force directed at the
flat end of the wedge drives the point forward. The

inclined planes of the wedge change the direction
of the force.

Wheel and Axle

Did vou ever ride on a Ferris wheel similar
to the’one> in the picture? If you did, you were
riding on a simple machine called a wheel
and axle. A wheel and axle is made of a
wheel with a rod joined at the wheel’s center
You can see in the picture how much larger
the diameter of the wheel is than that of the
axle. The wheel turns through a much greater
distance than the axle. But the smaller turn of
the axle is much more powerful |

A wheel and axle can increase a tor(e_ or
increase the distance through which a force |
acts. Think about a water faucet in the shape
of a wheel that you turn with your ha‘nd Th)e
force you put into turning the faucet changes
into a larger force in the tiny axle, which |
opens up the water valve. Can you imagine

' would be like to turn on the faucet if it
- of just the axle without the wheel?

-
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A wedge can be used for splitting wood or for
digging in the ground. Many sharp tools are made

of inclined planes—saws, knives, needles,
and axes.

The Screw

- The bottom part of this light bulb
IS @ modified inclined plane. Thinking

of a screw as an inclined plane may
>€€m strange. But q screw Is an

m;hned plane that s wrapped in a
spiral. Thg' ridges on a screw are called
threads. If you coulq unwind the threads

of a scre ’
| (rew, you would see they form an
Inclined plane.

and INCreqse

consisted

J Checkpoint Explain how o weﬁge and
g screw are related to the inclined plane

2 @ Cause and Effect You want to move
a heavy box up the four front steps of ycL;lr
home. You decide to use a ramp Howbv’w
using the ramp offect the distance the box

must be moved?

]

A screw decreases force

s distance. Screws often are
used qs fu.steners.
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Pulley

A pulley is a grooved wheel with a rope or chain around it. A load is
attached to one end of the rope and the effort force is applied to the othe:
end. There are two types of pulleys: fixed pulleys and movable pulleys. A
fixed pulley stays in one position as the wheel spins. It lets you pull down on
one end to lift up the load on the other end. It changes the direction of the
force, but it doesn’t reduce the effort force you must use. A downward pull on
the rope causes the load to move upward.

Unlike a fixed pulley, a movable pulley is attached to the object being
moved. As a force is applied to the load, the pulley moves along with the
load. Movable pulleys decrease the force you must apply, but the force you

use is applied over a greater distance. You must make both sides of the rope
move in order to move the load.

Escalators are
machines thot
use pulleys.

The drive whee

n
.
ﬁ

is powered by an
| electric motor
Fixed pulley Moveable pulley

Several pulleys can be used with
the same rope in a system called
a block and tackle. Each pulley
added to the compound system
reduces the amount of effort
required to lift the load. A block
and tackle with a lot of pulleys

could help lift a very heavy load
such as a piano.

Wheel
and axile

Pulley

impl achines
J Checkpoint What simp e‘ md -
other than the pulley can you tind in the
picture of the escalator?
mhm Expository VWiite
porgroph to explain why a block
a

d tackle would be better than o fixed
. fhng a very heavy load

u”e)' tor !
Block and tackle p
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6 Winch N
i A winch cranks rope in or out. The
P compound Machines rope end is used th))ehoist weights
| Almost all the machines you see and use are 0 | e sl o thoua s
compound machines—the automobile or bus you fixed pulley. The winch crank is o
ride in, the elevator that carries you from one floor wheel and axle. This winch is used
to the next, even the stapler you use to fasten together TR | to raise or lower a sail.
your papers. Many compound machines, such as 0/: " | RUERE s
this sailboat, have hundreds or even thousands of T:\e jibsail, or jib, iso 6 i
parts. Even the largest machines, however, contain | triangular il ke BB " The helm is a kind of steering
many simple machines. The benefits of all the simple the wind ond dirach B | wheel that crewmembers can
machines add up to the greater benefit provided by to the bigger mainsail turn to change the direction
the compound machine. ; of the rudder
Mast
N
Boom .

| insail

The boom'’s end can swin - \
freely around the mast. A
rope along the length of the
boom controls which way it
swings. The boom is a lever,
with the fulcrum at the mast

joint. The load is the weight of

the sail above, and the force ,

's applied by the guide rope.

“-
e ~

. ——

) propeller

The propeller is a type of
. screw. The spinning of the
How is a screw like an Inclined plane? T ,

tthUQh the water

load, effort force.

Design q compoynd machine

e: “edge-shaped keel helps
P the boq stable and

@
"G in q straight direction



Math in Science

Wa.e are surrounded by machines that make our lives easier.
S.ussors, doorknobs, and stairs are all examples of
simple machines that we use regularly. Some of

the.some tasks could be accomplished with a
variety of machines.

i Suppose you need to load a heavy box (1,200 N) onto the
ack of a truck. You have several options for loading the box.

First, you could lift it 1.5 m int
: o the back of the t
much work would this take? ek ow

-~ i e i g~ T, S

/
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COMPOUND PULLEY

Remember: Work (in joules) =

W=1200Nx15 |
W = 1,800 N x m ! L” this case, th
W = 1800 )

forc
e (in Newtons) x distance (in meters).

e force is the weight of th

o ght of the

of t}; 'n Newtons, The distance is the height
@ truck bed from the ground

. el o

e —————

You could also use a machine to load the box. You can choose
a ramp (inclined plane), a simple pulley, or a compound pulley. These
options are pictured for you on page 468. Friction works against all
machines, so the actual force required is greater than what would be
expected, but they can still make the job easier

Answer each question. Use the pictures on page 468

1. If the force required to load the box using the ramp is 440 N and
the ramp is 4.5 m long, what is the amount of work done?

2. The work done to load the box using the simple pulley is 1,845 J
Compute the force needed. Considering your answer, how does a

simple pulley help?

3. If you use the compound pulley, you will need to pull twice the
distance but with less force. The force you need is equal to one half

the weight of the box plus 25 N. What is the force needed?

nly able to exert a force of 550 N, which machine

4. If youareo
work to use?

should you use? Which machine requires the most

5. Predict how the force needed would change i you used a ramp that
ed. Explain your answer

is twice as long as the one pictur

. e
-

e

PN e .
Take-Home Activity

g, flat surface

Lab
z0ne

Using @ board or other lon
1 inclined plane. Find a way to

A 7\ /) set up @
"l “ byl 1och a rubber band to vorious objects that
can be pulled up the inclined plane. As you

to maintain G constant

ull an obJe(? up, fry
a d. Measure the length of the rubber

band as you are pulling Experiment with
objects of different weights and materials ]
and change the angle of the incline. Recor
ts and use them to explain the
disadvantages of using an

spee

your results
advantages and
inclined plane




Chapter 16 Review and Test Pre;

'Use Vocabulary

. Explain Concepts

compound load (p. 458)
| et 5 450) machine (p. 456)
ll effort force _ hi
| (p. 458) simple machine

(p. 456)

fulcrum (p. 458) work [p. 455)

8. Explain how the scientific definition of
work differs from the everyday meaning
of work, as in “chores.”

9. What are the six kinds of simple
machines? Give an example of each.

- 10. Explain why the amount of work that o

Choose a term from the box that best matches
each clue.

1. Any device that helps people do
work

2. Has one or just a few parts

3

The support on a lever

-~

The force applied to a lever by a
person or another machine

19'

Has many parts; contains one or
more simple machines

The force of an object on g lever

7. Using a force to move something

470 4 4MindPointou

machine does is less than the amount put
into the machine.

. 11. What are two ways to reduce the friction
produced when parts of a machine move!
Give examples.

Process Skifls

. 12. Collect Data The pictures show how
four different ramps were used to move?
heavy box. Use the information to dro¥
a force-distance graph. Then calculate the
amount of work done with each ramp-

o
K
2 ‘ S
/
A0
o 2 F=350 N

13. Classify Draw the three types of levers.
Identify the fulcrum, effort force and load

in each.

@ Cause and Effect

14. lifting a load of 200 N with a single
movable pulley requires 100 N of force.
What would be the effect on the amount
of effort force required to move the load
if a block and tackle were used? Explain
your answer.

@Test Prep

Choose the letter that best answers the
question.

15. How much work is done when a 5 N
force moves a load 2 m?

@1
®25)
©5]
©®10)

16. SUppose you twist the lid of a Pid"e Jm

tighten it. What simple machine are you
Using?

® pulley

® SCrew

® wheel and axle

17. A block and tackle is made from

® a series of pulleys
® a wheel and axle
© two inclined planes.
© two screws.

18. Which item is NOT @ compound

machine?

® pliers
@ manvual can opener
® electric can opener

@ bicycle

19. Explain why the answer you chose for

Question 15 is best. For each of the
answers you did not choose, give a
reason why it is not the best choice

. 20. [[PIESNED Expository

Write directions for using a pulley to lift
a very heavy load. Include a description

of the kind of pulley to use.

471




